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BOAOOTBEAEHHWE K OYHNCTKA CTOUYHDbIX
BOA

WATER DISPOSAL AND WASTE WATER
TREATMENT



COCTOAHHE H MEPCIIEKTHBbDI
OBPABOTKH OCAKOB CTOYHbBIX BO/

ArparorHK F.A., Nonrep (AH.,
JeHCTBHTENbHbIe Y/IeHbl /KKA, 4. T.H.,
AOOT ‘HHH KoMMyHaldbHOro BOAOCHabXe-
HHA H OYHCTKH BOAbI'.

TE3HCbI

O6paborka 0CaJKOB HMeeT HEbIo
YMEHBIUIHTb MX 0ObeMbl H NMOATOTOBHTb K Op-
raHn30BaHHOMY  YAaeHHid C  TeppHTOpuA
OYHCTHBIX COOPYMEHHH 1A MOCAeayIOWEero Hx
pasMellleHNA ¢ Llenblo  YTHAH3auuH, Bpe-
MEHHOro HH TMOCTOAHHOIO XPaHeHWA HeyTH-
IN3UPYeMbIX OCAAKOB H/HAN MX YHHYTOKEHHA.

CaoxnBlasacAa B PoccHAckon degepaunm
TAMedeAwan curyauua ¢ obpaborkol ocaa-
KOB TOPOACKHX CTOYHbIX BOA BO MHOIOM
CBA3aHa C HepeLeHHOCTbIO TeXHHYECKHX W
HOPMATHBHbIX BONPOCOB, HEOOXOAUMbIX A(1A
OCYLIECTBIEHHA 3aBepllaloliuX craguit obpa-
6OTKM - CTadHA YyAaneHWA H pasMeLleHHH.
Toabko A0 10% obpasylolHXcA OCaqKkoB,
oOpaboTaHHbIX C HCMNOAb30BaHHEM COBpPEMeH-
HbIX TeXHOMOrMA H 0BOpYAOBaHWUA, YTHAW3H-
PyeTCA MY OPraHM3OBaHHO YAANAeTCA C Tep-
PHTOPHH OYHCTHBIX COOpYMKeHHH. OCHOBHOE
e KONN4YeCTBO OCAAKOB BbIIMBAeTCA Ha nhe-
penorHeHHble HAO0Bble MNAOLAAKH, BbIBO3ATCA
B OTBalbl, HenpucrocodneHHbie WIaMOHaKo-
nurenn H Ap. CodepXKaullleca B ocadkax
TOKCHYHble BellecTBa, a HHOTga W [1aToreH-
Hble MMKPOOPTaHH3Mbl, NMPOHHKaA B [0A3eM-
Hble BOABI, BO3AyX H MOYBY, BbI3bIBAIOT 3Ha-
YHTeNbHOE 3arpA3HeHHe OKpyXKalollueHd cpeabl
H yXydlleHHe CaHHTapHO-TMrHeHnYecKknX Y-
AOBHH MH3HH (I0JeHd, HMelT MeCTo CMbIBbI
0CaaKkoB, 0COGeHHO B MaBOAKOBbIA MepHod, B
NOBEPXHOCTHBIE HCTOMHHKH BOAOCHAOKeHH,
uTO yCnoMaHAeT npobaeMy MOANOTOBKH MNHTbe-
BOM Boabl, Cpean TpeX YKasaHHbIX nyTew
pasmeuleHna o6paboraHHbIX ocagkoB Hanbo-
aee 3KOMOTHYECKH H JKOHOMHYECKH BbIroa-
HbIM ABARETCA YTHAH3aUHA B KadecTsBe ya00-
peHHA, MOCKOAbKY B HHX €odepKaTcA LieHHble
opraHH4yeckHe W MHHeparbHble BelleCTBa,
NOBbIWIAIOIIHE  MPOAYKTHBHOCTH  CadoB H
CeNbCKO-XO3ANCTBEHHBIX noaen, 3¢ ¢eKTHB-
HOCTb ecopa3BedeHHA, pocTa AeKOPaTrMBHbBIX
KYCTapHHKOB H LBeToB. OAHaKo LIHPOKOMY
NpHUMeHeHHI0  3Toro  crnocoba  pasMelleHHs
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CURRENT STATE AND PROSPECTS OF
SEWAGE SLUDGE TREATMENT

Agranonyk R.J. D.Sc.(Eng.), Gunter L1,
D.5c.(Eng.).

Academicians Municipal Academy,
Municipal Water Supply & Treatment
Research Institute

ABSTRACT

Sludge treatment is aimed at reducing its
volume and preparing for removal from
treatment plant sites and subsequent utiliza-
tion, for temporary or constant storage of
non-utilizable sludge, and/or for its destruc-
tion.

In Russian Federation the current heaviest
situation with sludge treatment is in many
was connected with unsolved technical and
regulatory questions, essential for realization
of final treatment stages, i.e. those of sludge
disposal. Only 10% of sludge formed and
treated using modern technologies and
equipment in utilized or removed from
treatment plant sites in an organized way.
The greatest part of sludge is discharged on
to filled up drying beds and to landfills or to
unsuitable sludge lagoons, etc.

Toxic substances contained in sludge and
pathogenic bacteria sometimes penetrate into
ground water, air and soil causing consider-
able pollution of the environment and dete-
riorating hygienic conditions of people’s life.
Sometimes sludge is washed out into surface
water supply sources, especially at times of
high flood, so that drinking water preparation
is hampered.

Among the true mentioned ways of sludge
disposal, its utilization as fertilizer is ecologi-
cally and economically most feasible, since
sewage sludge contains valuable organic and
mineral substances increasing productivity of
gardens and agricultural fields, effectiveness
of foresting , growth of decorative shrubs and
flowers, etc. However, a wide - use of this
disposal methods is obstructed by high con-
tent of harmful substances in industrial waste
waters discharged into urban - sewerage



o6paboTaHHbIX OCAaAKOB MellaeT BbICOKoe, B
nAAe  CaydaeB, CcofepXKaHue BpedHblX Be-
UIECTB, MOCTYNaloilMX B TIOPOACKYIO KaHaIw-
3aUHI0 C MPOMbIUAEHHBIMM CTOYHBIMH BOJA-
mu. TaknM o6pasoM, peiiedne npoBaembl
OCAIKOB B 3HA4MTeNbHOM CTereHH CBA3AHO C
pe3KMM oOrpaHH4eHHeM TMOCTYN/eHHA Ha To-
pOACKHE OMHCTHble COOPYKEHHA MpPOMbILL-
(IeHHBbIX 3arpAzHeHWd. [lnA opraHH3aLMH Bpe-
MeHHbIX W AONrOCPOYHBbIX XpaHeHHA HeYTH(IH-
- 3MpyeMbIX 0CaakoB HeobXoAHMO CO3aHHe
HOPMaTMBHO-MeToAn4YeCkor 0Oa3bl, KoTopad B
Hactoflllee BpeMA OTCyTcTByeT. (lio6oe H3
TpeX HanpapaeHHA pasMelleHna  ocadKoB
npeAbABAAeT onpedeneHHble TPeOOBAHHA K
KayeCTBy OCaAKOB, a CAe10BareqbHO, TexHo-
(10TMH UX 0OpabOTKH.

B pesynbrate Hay4yHO-HCCICAOBATENbCKHX H
OMbITHO-KOHCTPYKTOPCKHX paboT, BbINOIHEH-
HbIX B Halied cTpaHe, pa3paborano Gonee 20
TeXHONOTHYeCKHX cXeM o6paboTKH,
RKAIOYAOIUNX CTaaMd YNAoTHeHHWs, crabuau-
3alny, o00e3BoMxHBaHHA, obe33apamHBaHHA
0CAAKOB C MCNOIb30BaHHeM 0OOpyaoBaHHA,
BbIllyCKaeMoro 3asogaMH PP H crpaH 6anak-
tHero 3apybembs. K Takomy o6opyioBaHHIO
OTHOCATCA BbICOKO3()EKTHBHbIE (DIOTATOPBI
M LeHTpHdyrn AaA CrylieHHs OCAdKoB, (I€H-
TOUYHLIE OHABTP-NIPeccbl H UeHTpHdyrn aas
nx obe3BoxmnpaHuA. HakomndeH 3HaYHTEbHBIA
OMbIT MPOEKTUPOBaHHA, CTPOMTENbCTBA W 3K-
crniyatauMM - MEeTAHTEHKOB [0  aHa3poOHOM
crabuansauny ocagkoB. K coxanenmio, poc-
cMAcKMe MaciiTabbl NPHMEHEHNA 3THX CO-
OpYKeHHA ABHO HEAOCTATOUHbI, YTO MPHBOAHT
K HegonoayyeHuio 6norasa ¢ B CBA3H C ITHM
K MOBbILIEHHbIM pacxoAaM TONHBa W 3Heprun
Ha 3KCNayatauHoOHHble  HyKAbl  OYHMCTHBIX
COOPYKeHHH.

Onpegeaserca 06nacTb NprMeHeHHA aspob-
HOM CcTabHaH3alMH OCAJKoB B [EpBYyIO Oue-
peab Ha COOPYMeHHAX Marlon W  CpedHen
NPOHM3BOAMTENLHOCTH B TerlabiX  paHoHax
cTpabbl. Paspabotanbl Metoabl 06e3zapau-
BaHWA OCAAKOB H p.

[0 TNoBbiIeHHA KavyeCcTBa H TeXHHUYECKHX
pelieHnA Mo oOpaboTke ocCadka v HX peanu-
3allMH Ha KOHKpeTHbIX oObekTax NpH HHCTH-
TyTe CO34aHbl CneuHanu3npoBaHHble QHpPMbI
‘BUPAP" n 'DKO30H", BbINoaHAUINE BecCb
KOMINAeKC HeoOXoauMbIX pabor, BKaio4an
pa3paboTKy TeXHONOTHYeCKOH CXeMmbi, noabop
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systems. Thus, the solution of sludge prob-
lem is to considerable degree connected with
strict limitation of industrial pollutants
entering sewage treatment plants.

To organize temporary or long-term storage
of non- utilizable sludges it is necessary to
form a regulatory and methodic basis which
does not exist at present. Any of the three
ways of sludge disposal has definite re-
quirements to sludge quality and hence to its
treatment technique.

As a result of research and development
carried out in this country, more than 20
technological treatment ways have been
worked out. These include stages of thicken-
ing, stabilization, dewatering and disinfection
using equipment produced by manufacturers
in RF in countries of ex-USSR. Among this
equipment there are highly effective flotators
and centrifuges for sludge thickening, filter-
presses and centrifuges for dewatering,
Considerable experience as been gained in
design, construction and operation of meth-
ane tanks for anaerobic digestion of sludge

Unfortunately, the scale of
implementation of these units in Russia is
definitely insufficient, which leads to small
output of methane and to an increased
consumption of fuel and power for treatment
plant operation.

Aerobic stabilization of sludge is primarily
designated for plants of small and middie
capacity in warm regions of the country.
Methods of sludge disinfection have also
been worked out.

In order to improve quality and
engineering in sludge treatment and to realize
its implementation, specialized science-and-
production firms have been organized at the
institute and named ‘BIFAR' and "ECOZON'.
These firms carry out all the necessary work,
including development of technology, choice



M nocTaBky OOOpYAOBaHHA H peareHTOB, €ro
MOHTaxX H BBOJ B 3KCIAyaTauHio.

YyuTbiBaA Np&ACTOAllee yBedHYeHHe KOau-
4YeCTB OCAQKOB B CBA3H C NOBbIIEHHeM Tpe-
6oBaHHi K CTeNeHH OYMCTKH CTOYHBIX BOA M
POCTOM TOpOAOB, BO H30Oeaanne Goabuiero
o0oCTpeHna 3KOMOrHYeCKOH W CaHWTapHoO-
THTHEHHYeCKOH CHTyauprn npolneMa ocagkos
TpebyeT HeMeadeHHOTO pelleHHA Ha deae-
panbHOM H perHoHaIbHbIX YPOBH:X.
HeobxoauMo B KpartuyanliMi CpoK pa3pabo-
TAaTb COOTBETCTBYIOLIME AOKYMEHThI HOpMa-
THBHOINO, MpPaBOBOIO M 3KOHOMHYECKONO Xa-
paxrepa, MO3BOAAIOIME YNpaBaaTe npobne-
MOH OCaJIKOB B COOTBETCTBHH C A€ACTBYIOLLINM
3aKOHOAATeIbCTBOM B 0601aCTH  OXpaHbl
OKpyKalollleH cpeabl H NMPHPOAONOAb30BaHHA,
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an shipment of equipment and chemicals,
assembly and commissioning.

In view of eéxpected increase in sludge
quantities caused by higher requirements for
sewage treatment effect and by urban growih,
to avoid greater deterioration of ecological
and hygienic situation the sludge problem
calls for immediate solution both at federal
and regional levels. It is necessary in a
shortest time to work out corresponding
official documents of regulatory, legal and
exotic character, enabling to control the
sludge problem according to acting legislation
in the field of environmental protection and
natural resources.



NCI1OAb30BAHNE

BHCYbdHTHBIX WENOKOB
e

Aagprarosa TH., K.T.H.,

HayyH. coTp. HHCTHTYT XHMHH

H XHMHKO-META/TYPrHYECKHX [TPOLECCOB
CHbHpckoro OrtaeneHnHs Akagemrn Hayk,
Apachoapck,

lIprmaqesa (1.7., K.T.H.,

npogeccop. TeXHHYECKHH YHHBEDCHTET,
Kpacroapck

TE3NCbI

lllenoka UENNIONO3HO-ODYMaXKHbIX NpeanpH-
ATHA 3Aa4ACTYIO 3arpA3HAIOT peKH H BOAOEMbl.
Paspywadack B BoAe A0 HH3KOMONEKYAAPHBIX
OpraHH4eCcKHX BellecTs, B TOM YHCAe apoMaTH-
YeCKHX - (PEHONOB H XHHOHOB ~ OHH HAHOCAT
Bpea caope H dayHe.

C uenbo paspabOTKH MeToaa YTHIH3AUHH
HHCYnbHTHBIX LENOKOB NMPOBeAEeHO CHCTeMa-
THYeCKoe HCCneaoBaHHe HX XHMHYECKOro H
MOAMMEPHOro CoCTaBa B 3aBMCHMOCTH OT NMOPO/,
APeBECHHbI, HCIONb3YeMbiXx ANA BapKH Uef-
M0103bl, PEXHMOB BAPKH H YCIOBHH KOHLEH-
TPHPOBaHHA.

BrcynbdHTHBIE WEenoKa — 3TO MHOTOKOMITO-
HEHTHbIE CHCTEMbl, Bodbluylo YacTh opraHHve-
CKHX BeleCTB B HHX COCTaBAAIOT IHIHOCY(1b-
¢oHaThl C paziHYHLIM MOAHMEPHBIM COCTABOM,
[Ipn aToM dpakunH AnrHocyabs¢oHaATOB, Opra-
HHYECKHE KHCAOTbl H KapbornapaTbl HMeoT
pasnyHble CBOWCTBA. XapaKTePHCTHKH KOMIIO-
HEHTOB IWWENTOKOB OblIH HM3y4eHbl B COCTABE
BGeToHHbIX CMecen. HalaeH onTHManbHBIR CO-
cTap llleqoka B 6eToHe.

[TpeanokeH u H3yveH MeTo ] MoAH(PHUHPOBa-
HHA OHCYbHTHBIX IEIOKOB. MeTod NO3BONs-
eT H3MeHNTh KOMNO3HIIHIO ILenOKoB NoCpeacT-
BOM HHTPOOKHCAEHHA. B pesyasrate Moandguim-
pOEaHHﬂ yBeHYHBAETCA MMOBEPXHOCTHAA aK-
THBHOCTDb IPOAYKTa H IMPOHCXOAHT CcTabHaH3a-
LUHA ero CBOHCTB, YTO MNO3BOMHAET CTAHAAPTH3H-
poBaTh KOHLEHTPATBI OHCYIbPHTHBIX LEN0KOB
H HCNO7b30BaTh HX B KaeCTBe NnacTHgHKaTo-
poB, AHCNEPraTopoB H (oTOPCAreHTOoB.

BBEAEHHE

Brcynb@uTHBIA cnoco6 BapkH pacluvpaer
CbipbeBylo 6asy Uenmono3HOro npoU3BoOACTBa
6narofapa HMCNonb3OBAHHIO (MCTBEHHOH [pe-
BECHHbI HapAAy C XBOWHOW. OAHAKO, B CBA3H

THE USAGE OF WASTE
BISULFHITE LIQUORS

. ]
Adrianova TN,
Institute of Chemistry
and Chemical Metallurgical Frocesses
of the Siberian Branch
of the Academy of Sciences,
Rrasnajarsk,
Frimachova | G. Technical University,
Rrasnojarsk

ABSTRACTS

Waste bisulphite liquors from cellulose
industry often pollute rivers and reservoirs.
On destructing in water into lowmolecular
aromatic substances - phenols and hinons
and so on, they harm flora and fauna,

For the development of the method of the
Waste Bisulphite Liduors (WBL) reclamation the
systematic investigation of their chemical and
polymeric composition in its relationship to
the sorts of woods, conditions of boiling
and evaporation was carried out.

WBL are multicomponer.* =ixtures. Most
of organic substances in WBL z>= Lignosul-
phonates with different polymeric composition.
The fractions of lignosulphonates, organic
acids and car-bohydrates have different pro-
puities. Their properties were investigated in
concrete mixtures. The optimal composition

.of WBL for concrete were found out.

The method of WBL modification was
developed. The method offers the WBL com-
position change by means of nitrooxidation. As
a result of modification the surface activity of
the product increases and its properties
become stable, thanks to what we can use the
modified concentrates of WBL (CWBL) as
plastificators, dispergators and flotoreagents.

INTRODUTION

Bisulphite method of cellulose boiling increa-
ses the sources of raw material by usage of
hardwood along with softwood. But WBL differ

- in chemical and fraction composition, in colloi-
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C PA3NYHAMH B CTPOEHHH NHIHHHA NHCTBEHHbIX
¥ XBOHHBIX MOPOA, ApeBeCHHbl, B €ro KoqaH4ye-
CTBEHHOM COAepXKaHHH H CKOPOCTAX AeHrHH-
(HKalHMH, WeNoKa OT BapOK XBOHHBIX H (IMCT-
BEHHBbIX MOpOA ApeBeCHHbl pPa3IH4aloTCA o
XHMH4€CKOMY, PPakLIHOHHOMY COCTaBY H KO0~
HaHbIM cBolicTBaM. KoneOaHHA CBOWCTB Kon-
HeHTpatoB OncyabduTHbIX 1enoxkoB (KBIL)
CHWXKAOT HX MOTPeBHTENbCKYI0 CTOHMOCTb.
YcpeaHuts NOaHMepHbIH H (PYHKLHOHANBHBIA
COCTaB ILIENOKOB MOMHO XHMH4YECKHM MOAM-
¢HunpoBaHHeM. [loBbIIUEHHOE COAepKaHHe
AMBAOHOBLIX KHCIOT H AOCTATOYMHO BbICOKad
¢renexb CyabPOHHPOBAHHA HIHOCY1TbOHATOB
CBHACTEAbCTRYIOT O UenecoodpazHOCTH HCIOAb-
30BaHHA MOAH(HUHPOBAHHBIX KOHLEHTPATOB
6rcyabdHTHBIX Weaokos (MKBLI) B Kavecrse
MOBEPXHOCTHO-AKTHBHBIX A00ABOK K TBEPABbIM
H XKHAKHM CMecaM.

SKCINEPUMEHTA/IBHAA YACTDb

CpaBHHTEAbHbIH XMMHYECKHH aHaNn3 LWEeno-
KOB OT nabGopaTopHON BapKH (AWCTBEHHBIX
H XBOHbBIX NMOpOA ApeBeCHHbl, NMPOH3BOACTBEH-
HbIX IIENOKOB OT BAapPKH CMeEIUaHHbIX Nopoa
ApeBeCHHbl H HX KOHLEHTparoB 6bln ocylie-
CTB/IEH MO CTAHAAPTHLIM MeToAHKaM. Onpege-
(AOH CaeayoLre XapakTepHCTHKH BHCYabgHT-
HbIX ILENOKOB: .

- coflepxanne caxapog (PB) merogom
2ByIHOCKOIHH,

— KO/HYeCTBO (IM'HOCYb()OHATOB, OpraHH4e-
CKHX KHCIOT H CaxapoB MeTOAO0M 3KC-
TPaKLIHH, '

- cogepXKaHHe (PyHKUHOHa/IbHBIX TpyIn,

~ 31eMeHTHYI0 KoMno3uuHio Ha CHN-aHaau-
3arope,

— coAepXKaHHe Cepbl H ABYOKHCH Cepbl.
leab-npoHHKalwan xpoMarorpacgua 6Gblaa

HCMONIb30BaHa AdA XapaKTePHCTHKH MoaeKynap-

HOH CTPYKTYpbl OHCYbGHTHBIX LIETOKOB H HX

KOHLEeHTpaToB. [IpuMeHsnn cMech cedanekcoB

=75, I~100 U 200 B coorHomeHun 1:1:2

H I0EHTHbIH PaCTBOp HA OCHOBE X(OPHCTOIMO

'HaTPHA.

CKkopocTb MnpoTekaHHA 1 Ma B MHHYTY.
[lornoweHHe PHKCHpOBAOCh Ha BoaHe 280 HM
Y®-cnekrpomerpa. (04 BbIYHC/IEHHA N rpadts
4YE€CKOro MpeAcTaBleHHHA MONeKynApHO-MacCo-
Boro pacnpeaeneHna (MMF), cpeaHedncnoBon
H CpeAHEeBeCOBOH MONEKYAPHBIX Mace n Kodd-
$HUMKHTA AHCMEPCHOCTH pa3paboTaH Naker
KOMNBIOTEPHBIX MpOrpamm,

dal properties, since soft- and hard-wood lignin
differ in structure. The fluctuation of WBL
properties decreases their consumer value.

EXPERIMENTAL

The comparativeanalyses of WBL taken
from the laboratory boiling of soft and hard
woods, industry WBL from boiling of mixture
of woods and their concentrates have been
made. The following characteristics of WBL
were measured according to the standards:
~ carbohydrates content (RS) by ebylioscopy,
- lignosulphonates, organic acids and sugars

content by extraction,
- functional groups content (~OH,-COOH),
- elemental composition by CHN-analysator,
-~ 5 and SO content.

Gel permeation chromotography was used
to characterize the WBL and CWBL in regard
to their molecular structure., We used the
mixture of sephadexes G 75, G 100, G 200
in ratio 1:1:2, eluent solution: 1m NaCl + 0.05m
NaHPO + 0.018m NaOH. '

Flow rate was 1 ml/min. Detection was by
UV (280nm). For calculation and graphic
explication of the molecular mass distribution
(MMD) in terms of number and weight average
molecular masses, M and M, as well as
dispersity ratio (DR), the' computer package has
been worked out.

The additions of lignosulphonates fractions,
aldoacids and carbohydrates were introduced
in concrete so that their content percentage was
0.1 ~ 0.7 % of cement mass. Compression and
bending strenth, porosity and linear extention
were investigated in concretes.

RESULT AND DISCUSSION

Chemical Analysis

Table 1 shows the results of analyses of
WBL from hardwood, WBL from softwood, WBL
from mixture of sorts of wood and WBL-
concentrates. It was established that in WBL
from hardwood the carbohidrates: content is
18-20% more, organic acids content -~ 10-15%
more, lignosulfonates content — 8-10% less and
the degree of sulfonation less than in WBL from
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fo6aBkH GpaKkLHi IHFHOCYIb(OHATOB, aflb-
|OHOBbIX KHCIOT H CaXapoB BBOAH( b OeTOH-
ible cMecH B Konuyectse 0.1 — 0.7%. oT Macchbl
jeMeHTa. B no-iydenHbix obpasuax OeroHa
napeaensn NPOMHOCTb HA CKathe, H3rmob,
NOPHCTOCTD, IHHEHHOE paciliHpeHHe.

PE3Y/IbTATbl H OBCYMAEHHNE

XHMHYECKHH aHaNHn3

B tabavue 1 npeacraBneHbl pe3ynbTaThbl
aHann3oB OHCYnb(PHTHBIX LIEN0KOB H3 XBOHHOH
# MHCTBEHHOH APEeBECHHbI, a TAKME H3 CMeCH
nopoa APeBECHHbl H HX KOHLEHTpaToB. YCTa-
HOBEHO, 4TO UlenokKa OT BAPKH (1IHCTBEHHbIX
1MOpoa ApPeBeCHHbI CoaepXar caxapos Ha 18-20%
6oabiie, opraHuyecKkHx KucaotT Ha 10-15%
Honblue, AHMHOCY1bOHATOB Ha 8—-10% mMeHblie 1
CTeneHb HX CYyTb(POHHPOBAHHA MeHbUIE, YEM B
Liel0Kax OT BapKkH XBOHHbIX N0Poa ApeBECHHbI,
ROHUEHTpHpOBAHHE 1LIENOKOB He H3MeHAeT
cogepAKaHHe OCHOBHbBIX KOMIIOHEHTOB B % OT
CyXHX Beulecrs, Ho (yHKUHOHanbHOCTH (-OH,
" —-COOH) w coAepRaHHe Cepbl H3MEHAIOTCA B
pe3ynbraTe KOHAeHCAUHOHHBIX NpoLUeCCoB.

softwood. The evaporation of WBL does not
change the main components percentage of
solids, but the functionality (~OH,~COOH)
and sulphur content change as a result of
condensation processes.

The fluctuation of composition of CWBL is
as follows: carbohydrates - from 6 to 19%,
organic acids from 8 to 20%, lignosulphonates
from 46 to 59% of solids.

Solids of WBL have 88-92% organic part.
Watersoluble components make up 90-92% of
ash substances.

Konebanua cocrasoB KBIl Haxoadarca B
CneaylolHX npeaenax: caxapos or 6 o 19%,
OpraHH4e€CKHXKHCoT oT 8 A0 20%, AUTrHOCYb-
(onaros oT 46 40 59% OT CyXHX BELUECTB.

Cyxde BelllecTBa LeNoKoB Ha 88-92% cocTo-
AT 13 OpraHnyeckor 1actH 1 8 — 12% 3001bHbIX
Bewecrs, ApyueM 3ona Ha 90 - 92% cocronr
H3 BOAOPaCTBOPHMbIX BeILECTB,

TAB(HIIA 1. CpaBHHTENbHBIR aHAMN3 GHCYNb(MHTHDBIX LIENOKOB

" Bhcyas@HTHe wenon]pr | Conepmatine, % 0T cyxnx_seiliects
j rB {THrHoCynb— OpraH.
s a0 nocne douaros KHCAOT -OH -COOH | 8§
HHBEPCHH
. {IncraeHHbIA 4.7 T 18 40-45 15-20 4-5 1-2 12
. XBOFHDBIH 4.5, 10 ¢ 53-59 8-11 5-6 1 14
- CMewanHbin 471 6-16 50 10~12 5 1.5 |13
' 30% KoHueHTpaTt 5.31 6-16 50 10-12 4.3 2 10
i 50% KOHUEHTpaT 56! 6-16 50 10-12 4.2 1.8 9
Table 1. Comparative analyscs of Waste Bisulphite Liquors
"WBL Lt RS Content, % of solids
¢ inversion Lign-s Org. ~-OH | -COOH | §
belore after acids
[
Hardwood 471510 7-18 40-45 15-20 4-5 1-2 12
Softwood 4.5:7-8  9-10{  53-59 8-11 5-6 14
Mixture of woods 4.7 6-1011-16 50 10-12 -5 13
30% by weight 3.36-1111-16 50 10~12 4.5 10
50% by weight 5.6 6-1111-16 50 10-12 4.2 1.8 9
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MovieKyIApHO-MaCcCcoBOe pacripeaenetne

MM aurHocynbdoHaToB Koaebaiorca or
3000 ao 90000 aeM. 3HaveHHA MM 3aBHCAT
OT YCHOBHH BapkH H T1opoa  ApeBeCHHb,
BKAIOUEHHOH B npouecc. [antenpHas BapKa
HeNnnono3bl M3 XBOHHBLIX M0poa ApBeCHHbI
NPHBOAMT K MOAYYEHNIO aurHocyapdoHaros
¢ MM or 15 go 90 ToicAY aeMm C noaxHancnep-
cHoctbio 1.20 - 1.30. Bapxa noayuennionosb
C HCMONb30BaHHEM (MCTBEHHOH [ApeBeCHHbI
aaetr aurHocyabgoHarbl ¢ MM ot 5 10 60 ThicAY
aeM U K03(p(PHUNEHTOM MOMHAHCNEPCHOCTH OT
1.30 po 1.48. Cpeanne MM (taba 2) anrHocyns
(poHATOB OT BaPKH XBOHHbIX MOPOA APEBECHHDI
cocraBasT 30-40 TpICAM aeM, a OT BapKH
HCTBEHHBIX nopoa - 20-30 TbicA4 aeM.

KoHuesTprpogane wenoka ot 10 1o 50%
CYXHX BELIECTB NPHBOANT K YBENHYEHHID KO-
¢dHUHEeHTa NOMNHANCNEPCHOCTH B CBA3H C OAHOB-
peMeHHbIM NPoTEKAHHEM MPOLECCOB [1OIHMEPH-
3alHH H 4eCTPYKUHH. Tlocae yaaneHH# Konnona-
HO CBA3aHHOH BOAb! (35% KOHUeHTpAT) Mpo-
LUEHT HH3KOMOEKYNAPHDBIX PpakLUHH H NONHAHC-
MepCHOCTh CHHXAITCA. KoHUeHTpaThl WWeao-
KOB conepXar nurnocynsgpoHarsl ¢ MM or 15
ao 110 Teicay aeM, cpeanHe MM cocrabasioT
50-60 ThicAY aeM, a KOaPHUHEHT noanaHCnep-
cHoctH 1.20-1.30.

dpakUHOHHOE pacnpegeneHHe LWeNoKos H
KOHLIEHTPATOB NokasaHo B Tabauue 2. CpeaHne
¢ppakunn 3aHHMaOT oKono 50%.

[IpnBeaHHbIE AaHHble NOKa3biBaoT, 4T0 50%
KOHUEHTPATbI 6onee npHroaxsl Ana MoandHuH-
pOBaHHA ¥ MoCcAeAyolEero HUCrnonb3oBatHA.

TABULA 2,

Molecular Mass Distribution

The region of molecular masses of ligno-
sulphonates (MML) is 3000-90000 a.u.m..

The value of Dispersity Ratio (DR) fluctuates
from 1.20 to 1.48. MML depends on the con-
ditions of pulp manufacture and the sorts of
wood involved in the process. Longtime soft-
wood boiling results in MML from 15000 to
90000, DR fluctuation being from 1.20 to 1.30.
MML from semicellulose boiling (with the
usage of hardwood) are 3000 - 60000, DR from
1.30 to 1.48. Average MML (tabl.2) from hard-
wood boiling are 30000 - 40000, from softwood
boiling are 20000 - 30000.

The evaporation of WBL from 10 to 30% by
weight produces the increase of DR by
simultaneous processes of polymerization and
destruction. After the removal of colloidal
combined water (35% of solid) the percentage
of lowmolecular fractions and DR decrease.
Concentrates have MML from 15000 to 110000
a.u.m, CWBL 50% by weight have average MML
50000 ~ 60000 and DR near 1.20-1.30.

The fraction distributions are even, the
middle fraction occupies near 50% (tabl. 2).

These dates show that the concentrates are
more suitable to modify and use.

(THrHocynboHaThl Cpeanre MM Koacbnuné_ﬁT CoaepxaHHe Pdp-n N
n M, M, noaHaucn-TH I 1i 11

XBOHHblE 41490 32620 1.27 26 51 25

{IHCTBEHHbIE 32508 21841 1.48 10 56 34

CMeluaHHble 35720 25541 1.40 27 52 21

50% KOHLeHTpaT 47890 39565 1.28 35 48 17

Moandgukar 29159 24760 1.17 17 68 15

TABLE 2. Molecular Mass Distribution of Lignosulphonates

Lignosulphonates Average | MM DR Fraction content] %

from M, M, Hight  Midlle Lowe

Softwood 41490 32620 1.27 26 51 23

Hardwood 32508 21841 1.48 10 56 34

Hard-softwood 35720 25541 1.40 27 52 2]

50% concentrate 47890 39563 1.28 35 48 17

Modifed 29159 24750 1.17 17 68 15

J— —— nd
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Cpovicrsa KOMITIOHEHTOB IIEIOKOB

KOHUEHTpaThl WEeNOKOB METOAOM IKCTPaK-
MK 6blnn pazgeneHbl Ha OCHOBHblE KOMNOHe-
HTbI — (IMrHOCYyAbGOHATBI, Caxapa H OpraHH4e-
CKHe KHCNOTbl. [IMrHocynb¢oHaThl pa3fienetbi
Ha ¢PpaKkUHH MeTOAOM Telb-XpoMaTorpadHH.
CBOWCTBA BCeX KOMIMOHEHTOB ObliH H3y4eHb
B 6eTOHHBIX CMecAX AaA onpeAenenns MNacTH-
¢duunpyoulero addeKTa H HX BAHAHHA Ha
cBorcTBa 6erToHa.

YcTaHoBaeHO, YTO caxapa, [PHCYTCTBYIOUIHE
B KBl B OCHOBHOM B (pOpMe ONHNOCaxapHioB,
nnacTHGHUHPYIOT 6eToHHbIE CMeCH,Ha Ha 40-50%
CHHAKAIOT MPOYHOCTh HeTOHa nocne TeNnOBOH
00paboTkH, YTO O6YCNOBAEHO CHAbHBIM 3ame-
AnsownM 3¢pdekToM TRepaeHHA OeToHoB B
HavyanbHbIH NepHoa. AabAOHOBbIE, yPOHOBbIE
M yrneBoACynbOHOBbIE = KHCAOTbI ABAAIOTCA
CHAbHBIMH NacTHHKATOpPaMH BETOHHBIX CMe-
ced. DPpdeKr nnacTHPHKaUHH yBenHYHBaeTCA
C pOCTOM CoaepaHHA A00aBKH B CMECH a0
0.5% oT Macchl LleMeHTa, NMPOYHOCTL GETOHOB
NpH 3TOM NOBbILLIAETCA. Hecne0BaKHA CBOHCTB
AMrHOCyabGOHATOB NOKA3a(H, YTO OHH 3aBHCAT
OT MONEeKyAPHOH Macchl ppakLUyA. HH3KoMone-
Kyasptble GpakUnH HMelT HeBoNbLIOH NaacTy-
HUHpYIOWNA 3¢ EKT H CHHXKAIOT NPOYHOCTh
GeToHoB. BbicOKOMOneKynApHble GpaKkuuH 06-
1a4AT CBA3YIOWHM 3¢ EPEKTOM H He NIacTH-
¢ruMpyloT GeToHHble CMecH. MaKCHMalnbHbIA
nnacTnduunpyiownn a¢derr 6e3 cHHKeHnA
Npo4HOCTH GeTOHAa HMelT cpeaHHe (PpaKlHH
(HTHOCY1b(OHATOB ¢ AHANA30HOM MONEKYNAp-
HbIX Macc ot 20 Ao 40 Thicad aem.

[lpoBeaeHHbIe HCCAeAOBAHHA AAanH BO3MONK-
HOCTb OMNpPEAenrTb OCHOBHbIE MyTH MOAH(HLH-
poBaHHA KBl anA nony4eHHA Ha HX OCHOBe
NNacTHHUMPYIOILHMX H APYTHX NOBEPXHOCTHO-
aKTHBHbIX A00aBOK. JTH nyTH COCTOAT B
OKHCIEHNH OAHroCaxapHaah a0 AlbAOKHIIOT
1 uameHeHHA MMP nHrHocy asPoHaToB 4aa ycpeg:
HeHHA X MM M CHHMEHHA NOMNHAHCNEPCHOCTH.

MOAHPHKALMA

Komnonentn! KBlI nmelor Gonbiuyio peak-
LIHOHHYIO CMIOCOOHOCTL B TEPMHMECKHX peaKLH-
AX, peaKlHAX MpHCcoedHHeHHs H 1.4, Hamu
npeaaoKeH MeToa TEPMHYECKOr0 HHTPOOKHCe-
HHA Aaa MoandHurpoBaHna KBl H crabunvaa-

"UMH KX coCTaBa H CBOHCTB. B peaynbrare
MOANGHLHPOBAHHA 0NA OPraHHYECKHX KHCAOT
yBenH4YHBaerca B 4 paza B CBA3H C OKHCIEHHEM

Properties of WBL-components

The CWBL were divided by extraction
into the components: lignosulphonates, carbo-
hydrates and organic acids. Lignosulphonates
were divided into fractions by gel-chromato-
graphy. The components of CWBL were studied
in concrete mixtures for determination of plastic
effect and their influence on strength of
concrete. '

It was determined that carbohydrates 40-50%
reduced the strenth of concrete after heart
treatment, The effect is caused by considerable
retardation of the concrete mixtures solidifica-
tion in the initial period. Oligosugars plastify
effectively the concrete mixtures, but monosug-
ars have no plastic properties. The aldonic
and carbosulphonic acids are strong plastifying
additions in concrete mixtures and do not
reduce the strength of concrete. The plasti-

Jying effect and the strength of concrete

increase with the growth of additions percent-
age up to 0.3% of cement mass.

The ipvestigations of lignosulphonates prop-
erties showed that they depend on molecular
masses of fractions, The lowmolecular fractions
have little plastifying effect and reduce the
strength of concrete. The highmolecular frac-
tions possess the binding effect and do not
plastify concrete mixtures. Maximal plastifying
effect without concrete strenth reduction is
caused by the middle fractions of lignosulpho-
nates whith range of molecular masses from
20000 to 40000 a.u.m.

These investigationsgive the possibility to
determine the main ways of modification of
CWBL. for the production of the Dplastifying
additions and other surface-activity additions.
These ways consist in oxydation of oligocarbo-
hydrates to aldoacids and change of molecular
mass distribution of lignosulphonates for aver-
aging their MM and reduction of polidispertion.

MODIFICATION

The components of WBL have the great
reaction ability in thermal reactions, addition
reactions and so on.

We suggested the method of thermal
nitrooxidation for the modification of CWBL
and the stabilization of their composition
and properties. As a result of modification
the percentage of organic acids increases
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caxapos. CoaepXaHye caxapop CHHKaeTca OT
10-14% a0 4-6% ot cyxux Bewects. [Ipx aToM
KONHYECTBO (1€TyYHX KHCAOT yBenH4YHBaeTCA
He3HaHTEeNbHO.

Koan4ecTBO OpraHH4eCcKH CBA3AHHOIO a3oTa
p KBl yeenwunsaerca or 0.27 go 2.7%.
MprcyrcTBHE HUTPOIPYNN B apoMaTHYeCKOH
CTpyType aMrHocyasQoHaToB ObI10 AOKA3AHO
noayyeHHeM Ha HX OCHOBE 3e1eHOro asoKpa-
CHTenA.

Peakurs HHTPOOKHCAeHHA Oblaa TaKKe
npose/eHa C MOAeNbHbIMH COeAHHEHHAMH (IHT-
HuHa, B HMK-cnekrpax npogykros 6bian 3adH-
KCHpOBaHbl (IMHHH noraouleHna 1340, 1540,
836 oOpaTHBIX CM, COOTBETCTBYIOIIHE HHTPO-
rpynnaM. Toao6Hble anHMM Gblan HARAEHBI
B MOAH(MHUMPOBaHHbIX Kapboruaparax, opra-
HHYeCKHX KHCIOTax H aHrHocynbgponarax KbIIL

Bce KoMNoHeHTb! TepaloT cepy npy Mmoandu-
unposannH. Konn4ecTso KaOOKCHABbHBIX H MHA-
POKCHABHBIX TPYMMN yBAHYHBAETCH, YTO CBHAE-
TEeNbCTBYET O [POT€KAHHH AEeCTPYKTHBHbIX
NMpoLeccoB NMpH MoAH(PHUHPOBAHHH,

['enb-xpoMarorpadnyeckye HccaeaoBaHnA
nokasanH HaMeHHHe MMP nwuraocyabgoHaros.
HrzKkoMoneRynApHbie ¢ppakLnH MoABEPraloTcs
KOHAEHCALIMOHHbIM NpoLeccaMm MpH TepMH4e-
CKoH obpaforTKe, B TO BpeMA KaK A(IA BbICO-
KOMOEKyNapHbIX (pPakLHA HMeeT MecCTo
AECTPYKTHBHBIH npouecc (taba. 2). 3HaueHHe
cpeaHed MM cHuXxaerca ao 25000 aem,
a KOS(QHLHEHT MOAHAHCEPCHOCTH YMEHblUa-
erca no 1,14, \ '

Moan¢puurpoBaHHble KBI HMeioT noBbIiLEH-
Hyi0 B 2 pa3a NOBEPXHOCTHYIO AKTHBHOCTb IO
OTHOLUEHHIO K HCXOAHOMY WIEOKY.

3AKMOYEHHE

[IpoBeaentble HCCNEAOBaHHA MO3BOMHIH 33~
KMIOYHTb, YTO MNYTE€M HECOOKHOrO MOAH(QH-
UHPOBAHHA MNONHAHCIIEPCHbIE TeXHHYEeCKHe
(IM'HOCY/1bOHATEI MOKHO TNpPEeBpPATHTb B NpO-
AYKT € MOBbLILEHHOH MOBEPXHOCTHOH AKTHB-
HOCTbIO H CTabHAbHBIMM CBOMCTBAMH. JTO
pacuidpAer cgepy HCNonbL3OBaHHA TeXHHYe-
CKHX AHrHocynbgoHaroB. OHH MOTYT HAHWTH
NpHMEHEHHe B KadecTbe M1acTHHHKATOPOB,
AHCTIEpraTopoB H (hIOTOpPEareHToB.

fourfold because of the carbohydrates oxida-
tion. The carbohydrates content decreases
from 10-14 to 4-6% of solids.

The quantity of volatile acids increases
a little. The quantity of organically combined
nitrogen in CWBL increases from 0.27 to 2.7%.
The presence of nitrogroups in the aromatical
structure of the lignosulphonates is corrobora-
ted by the production of green asodyestuff,

The reaction of nitrooxidation was also
carried out with modelling compounds of lignin.
In IR-spectrum of products the absorption lines
were 1340, 1540, 836 cm . The similar lines
were found for modified carbohydrates, orga-
nic acids and lignosulphonates from CWBL.

All components lose sulphur at modifi-
cation. The percentage of carboxil and hydroxil
groups increases. Apparently at modification
destruction processes take place.

The gel-chromatography investigations sho-
wed the change of MMD of lignosulphonates.
The lowmolecular fractions are subject to
condensation processes at thermal treatment,
as for highmolecular fractions the destruction
processes take place (tabl. 2). The value of
average MM decreases to 25000 a.u.m.

As a result of the modification of CWBL
the MMD gets average and the DR decreases
to 1.17. The modified CWBL surface activity
is now twice more than at the initial stage.

CONCLUSION

The investigations enable us to conclude
that by polydisperse technical lignosulphonates
simple modification one can obtain the product
with high surface activity and stable properties.
That offers the expansion of the technical
lignosulphonates sphere of use. They can be
applied as plastificators, dispersants, flotorea-
gents,
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NCIMOMb30OBAHHE BbICOKOTIPAHEHTHDIX
MAPHHUTHDBIX ®HAbTPOB /1A OYNCTKH
BO/IbI.

K.P.A/THXAHOB, H.H MHXAH/IOB,
M H.CMHFPHOBA, I1.A. YEPEMHbIX
POCCHHCKHH HAYYHbIH LIEHTP

‘KYPYATOBCKHH HHCTHTYT

AHHOTALHNA
CooBWAOTCA  pe3yabTarbl  HMCMbITaHHA  Bbl-
COKOTpadHeHTHbIX  MardMTHbIX  (pUALTPOB

(BI'Md) ans TOHOKH OYHCTKH BOAbl OT B3Be-
IIeHHbIX NpHMecen MeTadamoB H pagHOHYKIH-
0B B paszHooOpasHbiX obraacrax: AaA ydane-
HHA B3BELUEHHBbIX TMPOAYKTOB KOPPO3MH Kede-
3a ¥ padHOHYKIHAOB M3 TeloHocuTena ADC;
npv OYHCTKE TMPOMbILIIEHHbIX CTOKOB MeTa-
ANYPrHYEeCKOro 3asoda; NpH OYHCTKe MNpHpoL:-
HOM BOAbI AMA TeXHHYeCKHX HyKa. KoHcTpy-
KunAa BIMd Braovana MarHHTHYI0 CHCTeMy Ha
NOCTOAHHBIX MarHnutax M QUILTPYIOLLYIO Mar-
pHLly, CAENAHHYI0 H3 TPOCEYHO - BbITAMHOH
CeTKH M3 Hepabelowen crand. JdpeKTHB-
HOCTb  H3BAEUYEHHA  B3BEWIEHHbIX  YacTHL
Mene3a M p. MeTanaoB coCTaBadAna ot 65 a0
95% npH AOCTaTOUHO BbLICOKOM NPOM3BOANTE-
ABHOCTH , a 3(P(PeKTHBHOCTL H3BAeYeHHA
pagHoHyKanaos HHoOHA (95), uMpKkoHna (95)
M Kobanbra (60) cocrtaenAna 95-99%. [loay-
YeHHble pe3ynbTaThl TOBOPAT O Uenecoobpas-
HOCTH npHMeHeHena BIM® AaA OYHCTKH BO-
/bl BO MHOrMX 001acTAX MPOMbILLIEHHOCTH.
BBEAEHHE

[TpakTHKa NTOKa3bIBaLT, 4TO B
NPOMBILLUEHHOCTH H B ObITOBOM HCMONb30Ba-
HHM, Boda YacTo OblBaeT 3arpAzHeHa Coeau-
HeHUAMH MeTannoB (B 0CODEHHOCTH Keresa),
Kak B BHAE B3BeWleHHBbIX, TAK M pacTBOPEH-
HbIX NpHMece#. BO MHOMMX COy4asax 37O fAB-
(AeTCA HexenaTenbHbiM sBAeHNeMm. Hanbonee
3(PEeKTHBHBLIM CMOCOOOM QUHCTKH BOAbI OT
B3BELUEHHbIX  YaCTHL  XKeaesa  ABIAETCH
HCMONb30BaHHe BLICOKOTPAAHEHTHLIX MarHuT-
HbIX dnaeTpos (BIM®),

Kak nokasana akcriayataiima ADC, HeCcMoT-
pA Ha Mepbi MO 3allUTE TENIOHOCHTENA OT
4acTHI TNPOAYKTOB KOPPO3nin MaTepHanoB Ko-
HTypa, 0OpH NpoBeAeHHH MaHnoBO-Ipedaynpe-
AWTENbHOrO PeMOHTa NPHXOANTCA YaanATb 6o-
AblIOE KOANYEeCTBO NPOAYKTOB KOPPO3HH, Ha-
Kar/IMBalOHWIMXCA B pPadIM4YHbIX  ydacTKax
KOHTYypa.

HIGH-GRADIENT MAGNETIC FILTER USE
FOR WATER CLEANING.

K.R.Alikhanov, N.N.Mikhailov,
M.N.Smimova, F.A.Chermnykh

RUSSIAN RESEARCH CENTER ‘Kurchatov
Institute’,

ABSTRACT

A high-gradient magnetic filter (HGMF) has
been tested for fine cleaning of water from
suspended metal impurities and radionuclides
in various fields: in removal of suspended
metal corrosion products and radionuclides
from NPP heat carrier; in the metallurgical
plant waste water treatment; in natural water
cleaning. A set of expanded meshes made of
soft magnetic corrosion-resistive steel served
as the HGMF matrix which was magnetized
with permanent magnets.

The efficiency of water purification from
suspended metal particles raised from 65 to
95%, and the efficiency of 95 niobium, 95
zirconium and 60 cobalt radionuclides
removal was about 95-99%. These results
corroborate that HGMF can be used for water
cleaning in many industrial branches.

INTRODUCTION

The practice shows that water has often
contained impurities of metals compositions
(especially of iron), in the form of suspended
and dissolved impurities in industrial and
municipal using. This is not suitable in many
cases. One of the most effective methods of
water cleaning from suspended iron particles
is the use of high-gradient magnetic filters
(HGMF).

The NPP operation has shown that despite
the measure on protection of the heat carrier
from the circuit materials corrosion products
a great amount of corrosion products accu-
mulated in various sections should be re-
moved.
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O4YHCTKA TEMNIOHOCHTENA A3C C
[MOMOILLbIO BrMe,

HcenenoraHte coctaBa NPOAYKTOB KOpPpo-
3HH NoKasano, YTO B OCHOBHOM OHH cCoaep-
XKar pasHyHble OKCHAbl H THAPOKCHABI Xe-
ae3a (1), HeKkOoTOpble U3 KOTOpBIX 0OnagaioT
(eppoMarHMTHBIMH ~ CBOACTBaMH, HO  6ofb-
IWIMHCTBO  OTHOCHTCA K [lapamarHeTHkam,
Pa3mep 4acTvl, Koaebaerca OT AOfed A0 Hec-
KOIbKHX MHKPOH. _ _
B agaHHon nybankauun cooblwaloTca  pe-
3yabTaTbl HMCHbLITAHHA MoOJenH BbICOKOrpaau-
€HTHOTO MarHWTHoro ¢uabTpa N0 OYHCTKe
TENAOHOCHTENA OT TPOAYKTOB KOPpPO3HH H
PAAHOHYKAHAOB KOPPO3HMOHHOTO MPOHCXOXKae-
HHA B peanbHbiX YCIOBHAX Ha mnpoGooTOop-
HbIX (IMHHAX KOHTYpa MHOTOKpaTHOH TIPHHYQH-
TeabHOH uMpKyaauun (KMIOLU) H  cenapara
cnn Tr-3 peakTopa THNA PBMK
HalleHuHHrpagckon A3C. [IpHHUMNHaALHAaA
CXeMaHCIbITaTeqbHOro CreHda rnpeacTasaeHa
Ha Puc.l. Marpuua BI'Md npeacrasafna
coboH pydoH TNPOCEYHO-BBITAKHOA CEeTKH,
H3rOTOBIEHHOH H3  (IeHTb KOPPO3NOH-
HOCTOHKOH MarHHTOMATKOM CTaaH. <PHABTP
Obin noMelieH B roae C HHAYKUHen 0.2 Ta
[OCTOAHHONO MarHuWTa cobpaHHOro M3 MpAMo-
yroabHbiX NanToK depputa GapHa. CKOPOCTb

nioroka cocrasaana 0.01-0.06 M/c  npH
temneparype 25..35 o0oC. YcpeaHeHHble
pe3ybTaTbl ornpedeneHns co/iepakaHua

Xee3da B TeNIOHOCHTENE A0 H Nocae CpH('lb-'

Tpa npuBedeHbl B Tabnuue 1.

NPP HEAT CARRIER CLEANING WITH HGMF

The investigation of corrosion products
composition has revealed that they contain
mainly various iron oxides and hydroxides,
some of them have ferromagnetic propetties,
but the majority of them belongs to par-
amagnetics. The particle sizes vary from frac-
tions to several microns.

The present paper reports test results of
the high gradient magnetic filter model for
purification of the heat carrier from corrosion
products and radionuclides resulting from
corrosion under real conditions on sampler
lines of muitiple forced circulation circuit
(MFC) and condensate of steam separator
(58) of the Channel High Power Reactor
(CHPR) at the Leningrad NPP. The test rig
schematic diagram is shown on FIG.1.

The HGMF matrix represented the mesh -
type roll with the rhomb-like cell diagonal
sizes of 1.5'3 mm made of the magnetically
soft corrosion-resistive steel, The filter was
placed in the magnetic field of 0.2 T of
magnetic system composed of permanent
magnets. The flow rate was 0.01-0.06 m/s at
a temperature of 20-350C. The averaged re-
sults determining an iron content in the heat
carrier before and after the filter are given in
Table 1. '

TAB(THLUA 1. Pe3yabTaTbi OYMCTKH TeINIOHOCHTENA OT NMPHMeced XKenesa C noMmoiupio BrMo.

[ToTok Teno- CKopocTb Mpogonzkurenp- | CogepxatHne | cogepxatHe | a¢pdeKTHBHO-
HOCHTEA ¢pHAbTPAUHH, HOCTb (Hab- Fe go BrMo, Fe nocae ctb, %
M/C TPauHoH-Horo MKr/n BI'Md, mkr/n
LUMKAa, Yac
crnn 0.01 800 28.7 7.7 73
KMIL 0.01 910 8.2 2.7 67
KMIL 0.06 190 8.7 3.6 60
Table 1. The results of NPP heat carrier cleaning from iron imurity by HGFM.
Heat carrier | Filtration rate, | Filtercycle dura- | Fe content, Fe content, Purification
flow m/s tion, h input, mka/l | output, mkg/1 | efficiency, %
condensate 0.01 800 28.7 7.7 73
(85)
water (MFC) 0.01 910 8.2 2.7 67
water (MFC) 0.06 190 8.7 3.6 60
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Mo cCcHHXEHHIO codepxkKaHHA MPOAYKTOB
KOPPO3HH TPH TPOXOMKACHHH TernIOHOCHTENA
<epe3 BI'M® noayyenbl AaHHble O BbICOKOH
CTEMeHN O4YHCTKH TEMIOHOCHTENA, AOCTHralo-

lern 73% npn HCXOAHOHM KOHLEHTpPauHH Bbl- |

we 10 mkr/a. MpH HCXOAHOM KOHLEHTpaunH
MeHee 10 MKr/a 3¢¢eKTHBHOCTbL OYHCTKH
CHH2KaeTCAd M COCTaBnsAeT B CpeAHeM NOpA/Ka
65%, oaHako BO MHOTHX CAy4Yasax coAepHa-
HHe keqne3a Obl10 HHKe Tpedena obHapyxe-
HHA (~2 MKI/d) HCMNOAb3yeMOro CTaHAapTHOro
Meroda aHanu3a.

B npouecce ¢HabTpauny TeNIOHOCHTeNA
KoHTypa MIIll npoBoananch 3aMepbl  Mo-
WHOCTH 103bl raMMma - M3(IyY4eHUA OT MaTpPHLIbI
dnabrpa. PesynbraTthl 3aMepoB MpHBeAEeHbl Ha
rpaduke  (Puc,2). HsmepeHua  yAenabHOH
aKTHBHOCTH TeIOHOCHTE(4, CBA3aHHOA
HadHWyHeM pa3(H4HbIX PagHOHYKAHAOB, A0 H
nocrae nNpoxomdeHua depes BIMO nokasadH,
YTO  MNOraoleHHe  Tex  paduoHyK(aIHaos,
cojdepxaHne KOTOpbiX HaHOoee BbICOKOE B
HCXOAHOM TerioHoCHTerne, a HMMeHHo Zr(95),
Nb(95), Co(60) (ygeabHadA aKTHBHOCTL ~10**(-
5) - 10**(-4) RKn/a) aocturao 99% (cM.
tabauuy 2).

The data obtained earlier on high degree
of purification of model suspension, reaching
70-90% at an initial concentration over 10
mkg/l were confirmed by the reduction in
iron corrosion products content when the
heat carrier passed through the HGMF. At an
initial concentration less then 10 mkg/l the
purification efficiency decreases and amounts
on an average to 65%; however, in many
cases the iron content was lower then detec-
tion limit (about 2 mkg/l) of the used stan-
dard analysis method.

In the process of the MFC circuit heat car-

rier filtration measurements of gamma - radia-
tion dose rate were taken from various sec-
tions of the filter matrix. The measurements
results are given on the plot (FIG.2).
The measurements of the heat carrier specific
activity associated with the presence of
various radionuclides, before and after
passing the HGMF showed that the absorption
of those radionuclides the content of which
is the highest in the initial heat carrier, such
as Zr(95), Nb(95), Co(60) (specific activity
about 10**(-5)-10**(-4) Cu/l), amounted to
99% (see TABLE 2.).

TABHLIA 2. PeaynbTaTbl OYHCTKH TEIIOHOCHTENA OT PaAHOHYKAHAOB C nomolpioc BIMd,

PasMoOHyKHg CpeaHaa yaenbHasd akTHBHOCTb | JP(HEeKTHBHOCTL OYHCTKH, %
B _KoHtype MIIL, Kun/a
54Mn 3.8"10**(-8) 28
58Co 3.9*10**(-8) 39
60Co 3.7"10**(-6) 80
95Zr 3,9*10**(-3) 99
95Nb 1.9710**(-4) 99

Table 2. The results of heat carrier cleaning from radionuclides by HGMF.

Radionuclides Mean specific activity in MFC, Efficiency of extraction to
Cu/l HGMF, %
54Mn 1 5.8"10**(-8) 28 '
38Co 3.9*10**(-8) 39
60Co 3.7*10**(-6) 80
95Zr 3.9"10**(-5) 99
95Nb 1.9°10**(-4) 99
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M'MapaBaM4eCKOeCONpoTHBAEHHE  MaTpHLbI
ovYyeHb ManO H NPaKTHYECKH He H3MeHAeTCA
A0 ee mnpedeqbHOro 3ano/lHeHHA MpogyKTaMH
Koppozun. IlpH ckopoctm notoka 0.3
M/CrHapaBan4ecKoe COMPOTHBAEHHEe HCNob-
30BaHHOW MaTrpHlbl cocTasader Bcero 0.016
MIla, Manoe ruapaBiH4YecKoe CONpPOTHBEHHE
mMarphubl BIM® 13 NpocevyHOBbITAKHONA CETKH
TOBOPHT B MNOab3y HX INPHMEHEHHA B UMKIax

C BbICOKOH CKOPOCTBI) TIOTOKa, KaKHMH
ABAAIOTCA KOHTYpbI ADC.
OTH  pe3ynbTaTbl  [OATBEPAKAAIOT,  YTO

ncnoabn3osaHne BIMd ¢ maTpHUaMHM H3 CeTOK
NpoCeYHO-BbITAKHOrO Trna Oyder cnoco6-
CTBOBaTb CYLIECTBEHHOMY YyullleHHIO pajiHa-
LIMOHHOH O6CTaHOBKH Ha ADC (2,3).

OYHCTKA MPOMBIW/EHHBIX CTO4HbIX
BOA C MOMOWbBIO BrMd.

Takxe B HacToAlern pabote OblH NpOBe-
AeHbl 3KCMAEePHMEHTbI MO OYHCTKE [1POMbILL-
(IeHHbIX CTOKOB MeTannypri4eckoro 3aBoga
OT MpHUMECen Kenesa H TAMeNbIX MeTanios.
CroyHaa BoOga MeTaayprH4eckoro 3apoga
HCNOMb30BaHHAA B 2JKClNepHMeHTe, Mpolaa
CYLLIeCTBYIOILYI0O Ha 3aBOJe CHCTEMY OYHCTKH,
COCTOALLYID K3 HeWTpann3aun¥ BOAbl MyTeM
AobGaBaeHHA M3BeCTH W OTCTauBaHUA. OAHAKO
ypoBeHb OYHCTKH He oOTBe4dan CaHHTapHbIM
HOpMaM No cocTaBy H CBoMcTBaM cOpacbiBae-
MOH BOAbI.

B 3KCnepMMeHTaX HCHOb30Batach Mogenb
BIrMd aHanorvvHas ONMWCAHHOW Bbillle, C MaT-
pULUEA H3 MPOCEYHO-BBITAKHON CETKH, KOTO-
pad HaMarHM4YMBalach MarHWTHbIM [O1eM Co-
leHOHAa MM MaCHHTHOMA CHCTEMOH Ha OCHOBe
nocToAHHbIX MarHuTos Nd-Fe-B, npnuem Benu-
YpHa MarHUTHOA HHAYKUMH B paboveM o6be-
Me ¢HABTPa COCTOBANa nopadaka 0.5 T

Mpo6bi CTOMHOMBO/IbI aHanM3NpoBaty
crnekTpaabHbiM MerodgoM. CoaepaaHHe TBep-
AbIX YacTHLl B CTOMHOA BOge OMNpeaensld Be-
COBbIM MeToAOM. Pe3yabraTbl aHaMH30B BObI,
nocrynawiuiedn s BI'M® n npoweauwier 4epes
¢duabTp npusBeaeHsbl B Tabavue 3. CKOpocCTb
NoToKa CTO4YHOW BOaAb! 4epe3 BIMd B xoade
3KCNepHMeHTa CcocCTaBaAda nopAgakao.1-0.3
- M/C.

The matrix hydraulic resistance is very low
and practically is not changed until its limit-
ing load with corrosion products. Thus, at the
flow velocity of 0.3 m/s the hydraulic resis-
tance comes up to not more than 0.016
MPa. The low hydraulic resistance of the
HGMF with expanded mesh - type matrix
shows that their application is appropriated in
circuit with a high flow velocity including the
NPP circuits.

These results corroborate that the use of
HGMF with such matrix will favor the signifi-
cant improvement of the radiation situation at
the NPP.

INDUSTRIAL WASTE WATERS CLEANING
WITH HGMF.

Also, in the present work experiments on
waste water purification from iron and heavy
metal impurities from a metallurgical plant
were carried out. The waste water from the
metallurgical plant, used in the experiment
had been preliminary treated in the purifica-
tion system available at the plant, where the
waste water was neutralized by adding lime
with subsequent sedimentation. However the
purification level did not meet the sanitary
standards for the composition and properties
of the waste water, ‘

The water samples were passed through
the HGMF model, similar to one used in
precedent experiments. The matrix was mag-
netized by the magnetic field of a solenoid
or a magnetic system with permanent Nd-B-Fe
magnets with magnetic induction of 0.5T.

Waste water samples were analyzed by the
spectral method. The content of solid parti-
cles in the waste water before and after fil-
tration was determined by weighting method.
The results of the analysis of the water deliv-
ered to the HGMF and passed through the -
filter are listed in Table 3. The waste water
flow rate through the HGMF was about 0.2-
0.3 m/s during the experiment.
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TAB/HLA 3. PesyabTarbl OYHCTKH CTOMHOH BGABI METANIYPrHYeCKOro 3aBOAa C [OMOLIBIO

NMPOMbIIAEHHOA CTOMHOH BOAbl ¢ MMOMOLIBIO
BrMd pgocrvrana 95% (4). BoabliMM  AOCTO-
HHCTBOM BI'Md Ha NOCTOAHHBIX MarHHTax AR-
AAeTCA BO3MOMXHOCTb HX aBTOHOMHOH PaboThl.

OYHCTKA NMPHPOAHOH BOAB! C
NMOMOIIbIO BI'Mo.

Bbitd MpeAMpHHATBI  JKCMEepHMEHTbl Mo
OYHCTKE NMPHPOAHOM BOABI H3 AKYTHM (BOAH3H
r.HagpiM) or Meranaocogepxawmx NpHMeced
C Uenbl0 MOMy4YeHNA NPHroAHOW AAA TeXHH-

* YeCKOro HCINOMb30BaHHA BO/bl.

HcxogHaa Boda XapakTepH3oBanach 3HAYH-
TEbHON KEeCTKOCTHIO, CyllleCTBeHHbIM coaep-
‘KaHHeM JKeae3a, aniOMMHHA, MapraHua w
UMHKa KaKk B pacTBOPEHHOM Tak H BO B3Be-
weHHo#t ¢dopMax. BBHAY TOro, YTO OCHOBHbIE
NpHMeCH - 4acTHUbl 'MAPOOKHCAOB MeTanloB
06n1agaloT napaMarHUTHBIMM Hau  ¢eppomar-
HATHBIMH CBOMCTBaMH, OHM MoryT ObiTb 3¢-
(eKkTHBHO yganeHbl C TOMOIUBIO BbICOKOrpa-
AHEHTHBIX MarHMTHLIX (PHALTPOB.

B aKcnepHMeHTaX HCNONL3OBanach Moaenb
Br'Md aHanorMyHaa ONMCAHHOW BbIllle, C MaT-
PHUEA W3 TNpPOCEYHO-BBITAKHOH CeTKH, KOTO-
pad HamarHH4YvBaacb MarHHTHOA CHCTEMOH

BrMo®. ' :

Conepmannie | CogepKanye

MeTannos . Fe Cr Cu Mn Ni TBEpABIX 4a-

Mr/a - CTHL, MI/n

40 BrM¢b 4.9 0.32 0.05 0.061 0.015 19.0
| nocne BTM® | 0.35 0.024 0.013 0.024 0.024 <1.0
sppexms- | 93 92.5 74 61 61 >05

HOCTh

Table 3. The results of metallurgical plant waste water cleaning with HGMF.

Metal aver- Solid parti-
age content, ‘Fe. Cr Cu Mn Ni cles content
mg/1 mg/l

input 4.9 0,32 0.05 0.061 0.015 19.0
output 0.35 0.024 0.013 0.024 0.024 <1.0
HGMF effi- 93 92.5 74 61 61 >95
ciency %
BuaHo, uyro 3¢Q}EKTHBHOCTb  OYHCTKH It is seen that the efficiency of waste wa-

ter purification by the HGMF with permanent
magnets reached 95%. Nearly complete ab-
sence of iron in the purified water was also
noticed. A great advantage of the HGMF with
permanent magnets over similar filters is the
possibility of their autonomous performance
and operation efficiency.

The estimation of the capability of the
HGMF with the matrix in the form of ex-
panded meshes shows that it may be high
enough due to a very low hydraulic resis-
tance of this filter and high flow rate which
can reach 0.2-0.3 m/s.

NATURAL WATER CLEANING WITH HGMF,

Also, in the present work were carried out
experiments on the cleaning of natural water
from Yakutia (near Nadum) from metals con-
taining impurities, in order to obtain the wa-
ter acceptable for technical use,

A natural water has been characterized as
considerably heavy, with a big content of
iron, aluminum, manganese and zinc both in
suspended and dissolved forms. Because the
mains impurities - particles of metals hydrox-
ides posses paramagnetic and ferromagnetic
properties, they could be successfully re-
moved with high - gradient magnetic filters.
The water samples were passed through the
HGMF model, similar to one used in
precedent experiments. The matrix was mag-
netized by the magnetic field of a magnetic
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Ha OCHOBe TIIOCTOAHHbIX MarintoB Nd-Fe-B,
NMpHYyeM BeanurHa MArdHMTHOM MHOYKUMK B pa-
6ovem ofbeMe (pHALTPA COCTOBAANA MOpAAKA
0.5 Ta, B Tabanue 4 NpHBeAeHbl pe3ynbTaTbl
aHaNH30B HCXOAHOW BOAbl H TMOC/IE OYUCTKH
BI'M®,

system with permanent Nd-B-Fe magnets with
magnetic induction of 0.5T. The results of
the analysis of the water delivered to the
HGMF and passed through the filter are listed
in Table 4. The water flow rate through the
HGMF was about 0.01-0.05 m/s during the
experiment. '

TAB/IMLUA 4. PeayabTarel OYHCTKH NPHPOAHOH BOAbl M3 AKYTHH C OMolIbio BIMd.,

CocraB BO/IbI, Fe Mn \ Zn Al
MT/(3 : .
HCXOgHaA ¢pasa 0.31 0.01 0.3 0.06
HCXOagHas B3Bech | 7.3 0.5 0.33 0.22
nocae BrMo 1.45 0.07 0.33 . 0.18
acddekTuBHOCTL | 81 86 48 37
bUabTp., %

Table 4 The results of natural water cleaning with HGMF,

CocraB BOAbl, Fe Mn Zn Al
Mr/a
HcxoaHaa ¢asa 0.31 0.01 0.3 0.06
HCXOAHaA B3BecCb | 7.3 0.5 0.33 0.22
nocae BrMod 1.45 0.07 0.33 0.18
ac¢eKkTHBHOCTL | 81 86 48 37
dnabtp., %

JDKCOEPHMEHTBI NPOBOAWNCL TPH  CKOPOCTH
¢duabTpaunn0.01-0.05 M/cC. MoyyeHHbIe
AaHHble M[O3BOMAIOT TOBOPHThL O TOM, H4TO
BrM® Moxer ObiThb 3¢ deKTHBHOMCNONb3OBaAH
npH O4YHCTKe NpHpOoaHOH BOABbI oT
B3BElleHHBbIX YacTHL, COeAHHEHHWH MeTanloB.
JAATenbHOCTD HeNpepbIBHOIO LHK/IA
¢unbTpaupn  (Ge3  pereHepauMH  MarpHLbI
¢HabTpa) 3aBHCHT OT HCXOAHOTO COAEepXKaHHA
NpHMecH B BOAE H MOMKET COCTaBIATbH OT Od-
HOTO AHA A0 MecaAla. PereHepalHA MaTpHLbI
BrMd ocymecrsaserca myrem obpaborkn B
yAbTpPa3ByKOBOH BaHHe, NpPHYEM Bech Mpouecc
3aHHMMaeT HECKOabKO MHHYT. B npollecce pa-
60Tbl 6bl1 CKOHCTPYHPOBaH ONBITHBIA o6Gpa-
3ell BBICOKOrpPaAHEHTHOI® MarHUTHOro dQuab-
Tpa pacYHTaHHbIA Ha TNPOHU3BOANTENLHOCTD
nopagka 1 m3/4. Tpefyemasa NpoM3BOAHTENb-
HOCTb MoMer ObiTb obecneveHa sa cver na-
panneabHON YCTAHOBKH pAda (pHIbTPOB.

Data obtained during the experiments al-
low to say that HGMF could be effective in
use on natural water cleaning from sus-
pended metal containing particles, such as
hydroxides .of natural origin. The durability of
the continuous filtration cycle (without matrix
regeneration) depends on initial impurity con-
tent and could raise from one day to a
month. The regeneration of filter matrix can
be performed with an ultrasound bath, pro-
viding the whole process should take no
more then some minutes. A HGMF pilot scale
model with performance of 1 m3/h was build
during the investigation. A needed perform-
ance of filtering system could be reach by
installation of several parallel devices.
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3AKMIOHEHHE.

JKCNepUMeHTbl MoKa3biBaloT, 410 BrM¢
Moxer ObiTb 3d¢PeKTHBHO HCrOb3OBaH AlA-
TOHKOH OYMCTKH BOAbl OT B3BelUeHHbIX 4a-
CTHL COedHHeHHWH MeTadanoB MPHPOAHOro HIH
MCKYCCTBEHHOrO MPOHMCXOAMKEHHA W OT Paano-
HYK(MAOB B Pa3inuHbIX OBIacTAX AEATenbHO-
CTH. B oTanunn oTapyrux OUOLTPYIOWNX CH-
CTEM AHANOTMYHOIO Ha3HAYEeHHA B Npouecce
paboTtbl (HALTP MNPaKTH“ACKH HE CHHMKaeT
rHAPABINYECKUH Hamnop t (iHHHH KW He nor-
pebaAeT 301eKTPOIHEPrHH.

Hanbonee uenecooOpasHO HCNONb30OBaHHE
Taknx ¢UAbTpoB A1A paboTbl Ha (HHUAX C
HeBonbio# MPOH3BOAHTEABHOCTBIO M TIpH
GOMbLLION  CKOPOCTH  TNOTOKA.  YCTaHoBKa
OTANMAETCA TNPOCTOTOM B 3KCNAyaTaluMy H
NO3BOAAET 3HAa4YHTENbHO YAYYUIHTb KavecTBO
BOAbI NMPH HeOONbLIMX 3aTparax.
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CONCLUSION.

High gradient magnetic filter is devoted to
natural or waste water cleaning from sus-
pended contamination, such as metals com-
positions of natural origin or produced due to
corrosion of iron, aluminum, zinc and other
metals (especially heavy metals).

In difference of other filtering systems
magnetic filter does not consume energy and
has an insignificant hydraulic resistance, while
its performance is rather high. Magnetic filter
use stainless steel mesh, produced by the
unique technology. High gradient magnetic
filters can be combined with other methods
of water cleaning, such as using of magnetic
micro particles as an adsorbent or ‘fermrite
process’, which consists of formation of fer-
rite particles including dissolved heavy metals
ion.

HGMF shouid be successfully used in a
circuit with a limited performance and a con-
siderable flow rate. The device is very simple
in use and allows to considerably improve
the quality of water, providing the low capital
costs.
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PHCYHOK. 1, lpHHUMNHaIbHaA CXeMa CTeHaa ¢ Modenbio BIrMod:
1 - Mosenb BrMo;

2 - poraMeTp;

3 - MaHoMeTD;

4 - 3anopHO-peryaupyolHe BEHTHIH.

FIG.1. Schematic diagram of the rig with HGMF model:
1.-HGMF model;

2.-rotameter;

3.-manometer;

4.-stop-control valves.
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PHCYHOK.2. 'padvk H3MeHeHHA MOLWHOCTH J03bl raMMa - M3ayveHHA oT Marprubl BIM® B
Xofle pnasTpaumi.

FIG.2. Gamma - radiation dose rate from HGMF matrix ‘during filtration cycle.
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3AMKHYTbBIE CHCTEMbI
.POU3BOACTBEHHOIO BOAOIONb30BAHHNA
- MNBOTHOBOAYECKHNX KOMIT/IEKCOB
HA OCHOBE T'MAPONOHHLIX YCTAHOBOK

AcoroB A.M., K.T.H.,
bonaaperko B.B., K.C.H.,
Ayuntckaa 1.A.,
PocHHHBX

YTHAHW3AUHA OTX040B KHBOTHOBOACTBA
ABNAETCA Cepbe3HOH nNpobneMOH B HalleH
CTpaHe, TAK Kak HCNOb3oBAaHHE HX Ha MNONAX
OpOUIEHHA HE OTBeYaeT CaHHTapHO-THrHEeHH-
YECKHM H 31HAEMHONOrHYeCKHM TpeOOBaHHAM,
a TakXe H3-3a HeAOCTAaTOMHOIo KOonH4ecTsa
3eMenbHbIX MNNolAAEH, NPHroAHBIX ANA NpHEMa
KHBOTHOBOAYECKHX CTOKOB.

B Poccuiickom HayvHo-HccneaoBaTenbCKoOM
HHCTHUTYTE KOMIMEKCHOTO HCMNONb30BAHHA H
oxpanbl BogHbIX pecypcos (PocHHHBX) paspa-
6oTtaHa 1 BHeAPeHa B NPOM3BOACTBO HeccTou-
HaA TEXHONOIHA BOAOOOECNeYHeHHA MHBOTHO-
BOAYECKHX KOMINEKCOB.

CyTb AAHHOW TEXHONOTHH 3aKaloyaeTcas B
pasaeneHnn HaBO3a Ha TBEPAYID H XKHAKYIO
(dpakimy, HCnonb3oBanHe TBEPAOH (PaKLHH
nocne OHrHoTepmMHuyeckoro obe3zapaxHBaHHA
Ha roanax. /MHakas ¢pakuHa Hasoza nocne
OHONOTHYECKOH MIOATOTOBKH H TEPMHYECKOTO
ohe33apaXBAHHA HCIIONb3YyeTCA B KauyecTee
nHTaTennHoro cybcTpata Ans  BblpallMBAHHA
3€1€HOIO KopMa B FHAPONOHHNKYME C NOMHOH ee
),’TH(!HSHUH?.H.

ABTOpaMH NpeAAraeTca 3aMeHa HCKYCCTBEH-
HOTO OCBELIEHHA paCTEHHﬂ €CTeCTBEHHbIM, YTO
NO3BOAAET 3HAHTEIbHO CHH3HTbL 3aTparsl Ha
BhipalliMBaHye 3eneHoro kopma Oe3 yxyauleHua
€0 KavecTsa.

TeXHHKO-3JKOHOMHHECKHH pacyeT BapHaHTa
HCTONb30BAHHA CTOKOB Ha TMONAX OpOlLIEeHHA
H BapHaHTA HCNONb30BAHHA CTOKOB B FHAPONO-
HHKyMe oKa3an ABHbIE NPpeHMyLlecTBa nocnea-
Hero. 3KOHOMHUHOCTL Npeanaraemon H6eccrou-
HOH TEXHONOTHH 3AKNIOMAeTCA HE TONbKO B
CHHAKEHHH KAIIHTANbHLIX H 3KCMNyaTaALHOHHbIX
3aTpaT, HO ¥ B 3HAYHTENbHON S3KOHOMHH CBEHEHN
BO/Ibl. BeccToUHbIEC TEXHONOMHHN Bogoobecneye-
HHA KHBOTHOBOAYECKHX KOMIIEKCOB BHeApS-
I0TCA Ha pAAe KOMIMAEKCOB KPYIMHOTO poraTtoro
CKOTa H CBHHOKOMMNNekcos Poccuu.

OCHOBHbIM HHKEHEPHO-3KONOTHHeCKHM Ty~
TeM OXpaHbl OKPYXAIOIUEN Cpeabl ABAAETCA
NoBceMecTHOR BHeApeHHE BO BCeX Cdepax
HAPOAHOTO X03AHCTBA MaNOOTXOAHbLIX H He30T-

RECYCLING WATER
USE SYSTEMS AT LIVESTOCK COMFPLEXES
ON THE BASIS OF HYDROPONIC
INSTALLATIONS
L |
Asonov A.M., Tech.Dr.,
Bondarenko V.V., Dr.Agr..
Duchinskaya L.A.,
RosNIIVKH

Utilization of farming waste is a serious
problem in our country as the use of the waste
on disposal fields does not meet sanitary-
hygiene or epidemiological requirements.
Besides, the area of farming lands suitable for
disposal of the wastes is insufficient,

The researchers at the Russian Research
Institute for Complex Utilization and Protection
of Water Recources (RosNIIVKH) have deve-
loped and introduced a discharge-free techno-
logy of water supply to livestock complexes.

According to this technology, manure is
separated into solid and liquid fractions. After
a biothermal disinfection the solid fraction
is used on fields. The liquid fraction undergoes
biological treatment and thermal disinfec-
tion and then is used as a nutrient substrate
for hydroponic growing of green forage with
full utilization. '

The authors propose to replace artificial
illumination by natural lighting. This would
allow a considerable decrease in expenditures
for growing green forage with no impairment
in its quality. :

A techno-economic estimation of the method
envisaging the use of farm sewage on dispo-
sal fields and the proposed method of utilizing
the sewage in a hydroponicum revealed an
evident advantage of the latter. The economical
efficiency of the proposed discharge-free tech-
nology consists not only in reduction of capital
and operating costs but also in considerable
saving of fresh water.

Discharge-free water supply technologies
are introduced at some cattle and hog farms
in Russia.

The main engineering-ecological means of
the environmental protection is a universal
introduction of low-discharge and discharge-free
technologies in all spheres of the national
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XOAHbIX TeXHonorni. OAHHM K3 BaKHEHLIHX
3NeMeHTOB HE30TXOAHON TEXHONOTHH AR BCeX
oTpacaed ABAAETCA CO3(AHHE 3AMKHYTbIX
CHCTeM BOogononb3oBaHHA (3CB) KaK Ha oTaenb-
HBIX MMPeANpHATHAX, TaK W B MPOMBIWIEHHbIX
yanax. H3BeCcTHO, 4YTO MPOCTbIM yBenH4ieHHeM
KONHYeCTBa OUHCTHBIX COOpyXKeHHHn npobnemy
OXpaHbi 1 PaUHOHANLHOIO HCNOb3OBAHWA
BOAHbIX PecypCcoB PELIHTb HeMb3A, TMOITOMY
coznaHHe 3CB ABAAeTCA B HacCroAllee BpeMA
rnasHbIM HanpasneHHeM BOAOXO3AHCTBEHHOH
AEeATENbHOCTH.

B Hacrosllee BpeMA AOCTHTHYTbl onpeae-
fieHHble yCnexn B COo3/AaHHHM H 3KChayaTalHH
TAKHX CHCTEM Ha NPOMbILIIEHHBIX TMpeaAnpHa-
THAX. TlpoBOAATCA HCCNeAOBAHHA H 3KCIIya-
THpylOTCA GECCTOUYHBIE CHCTEMbI BoAoobecne-
YeHHs pAga ODBEKTOB arponpOMbILIIEHHOrO
KoMMnekca.

CaoxHee eno oBCTOHT ¢ 3THM Hanpabie-
HHeM Ha ofbeKTax mHBOTHOBOACTBa., COBpe-
MeHHbIe PKOHOMHYECKH NPHEMAEMbIE MeTOAbl
OYHCTKH CTOYHBIX BOA AKHBOTHOBOAYECKHX
KOMMNNEKCOB He MOTYT NoKa 00ecneynTh NoaAro-
TOBKY HX 00 KOHAHUMA, TMO3IBOAAIOWHX HX
IHPOKOE HCMoNb30oBaHHE B CHCTEMax 0BOopoT-
HOIO TEXHHYECKOTo BOAOCHAOMKEHHA, B OCHOB-
HOM MO CAHHTAPHO-3MHAEMHOOOrM4ECKHM, TOK-
CHKONOTMHECKHM H OpPraHONeNTHYECKHM M0OKa-
3arenaM. OTCyTCTBHE BbiCOKO3(PPEKTHBHBIX H
HafEXHbIX MEeTOA0B H COOPYXEeHHH OYHCTKH
HKHAKHX OTXOA0B AHBOTHOBOAYECKHX KOMAEK-
coB B GONbIIHHCTBE CAy4aeB He NO3BOMAET HX
c6poC B NOBEPXHOCTHbIE BOAHbIE OOBEKTHI.

Cneund>HieCKHi XapakTep OCHOBHBIX BOAO-
norpebyTeien Ha MHBOTHOBOAYECKHX KOM-
naeKkcax, T.e. }KHBOTHbIX, NpeALABAAET XKecT-
KHe TpeboBaHHA K NMOBTOPHOMY HCMOb30OBa-
HHIO CTOYHbIX BOA AR UeneHn BogoCcHab&KeHHA,
MbITbA 000OPYAOBAHHA H NMOMelLeHHH. Bcaeact-
BHE 3THX MPHYHH CO30aHNe 3aMKHYThiX CHCTEM
BOAOTNONB3OBAHHA MpeAcCTaBaAer 3Ha4yHTe(lb-
Hble TPYAHOCTH.

YuuTbiBaAa BbICOKYID YAOOPHTENbHYIO LEH-
HOCTb CTOYHBIX BOJ AAHHOrO BHAA, OHH HAXO-
AAT AOCTATOMHO IWHPOKOE [pHMEHeHHe AnA
YAOOPHTENbHO-OPOCHTENbHBIX MOMBOB  Cefib-
CKOXO3AHCTBEHHBIX KyabTyp. ITO HanpaBaeHHe
ABNAETCA MpAKTHYECKH €AHHCTBEHHbIM AaA
BCeH TEPPHTOPHH HalleH CTpaHbl C ee pa3fHy-
HbIMH TeO(lOrHY€CKHMH H KIHMaTHYeCKHMH

economy. One of the most important elements -
of a discharge-free technology is constructien

of recycling water use systems (RWUS) both at

individual enterprises and in industrial centers.

As is known, a simple increase in the number

of water purification works will not solve the

problem of protection and rational use of water

resources. Therefore at present the develop-

ment of RWUS is the main lead in the water

management,

A certain success has currently been
achieved in the development and operation
of such systems at industrial enterprises.
Discharge-free water supply systems have been
tested and operated at some facilities of the
agri-industrial complex.

A more complicated situation arises in this
respect at livestock facilities. Modern econom-
ically acceptable methods used for treatment
of sewage from livestock complexes cannot
so far ensure purification of the sewage to
the standards that would  allow its wide
application in recycling water supply systems.
This is due mainly to sanitary-epidemiologic,
toxicologic and organoleptic parameters. The
lack of highly efficient and reliable methods
and facilities for treatment of liquid waste
from livestock complexes makes it impossible
in the majority of instances to discharge the
waste to surface water bodies.

A specific character of the main water users
at livestock complexes, i.e. of animals, imposes
stringent requirements on the re-use of waste-
water for water supply, washing of equipment
and premises. For these reasons the creation
of recycling water use systems presents great
difficulties.

Owing to a high fertilizing efficiency of the
wastewater of this type, it finds a sufficiently
wide application for fertilizer irrigation of farm
crops. This practice is almost the only one on
the entire territory of our country with its
different geological and climatic conditions.
However, the absence of sufficient areas for
utilization of all wastewater of a complex, long
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yCnoBHAMH. OAHAKO OTCYTCTBHE 3a4acTylo 4o-
CTAroOuHbIX . NAOWAAEH ANA YTHAN3AUHH BCeX
CTOYHBIX BO/A KoOMIIeKca, MPOoAo1KHTENbHbIE
3UMbl, NPAKTHYECKH HedHAbTpyeMble MNO4BbI
Ha 60NblUIHX TEPPHTOPHAX CTpaHbl CO3AAIOT
TPYAHOCTH YCTPOHCTBA B TAKHX YCAOBHAX NOEH
OpPOILIEHHA.

HapAagy ¢ 3THM aaHHble, NPHBOAHMbIE
FMTHEHHCTAMH, CBHAETENbCTBYIOT, 410 HaKTepH-
anbHad 0OCeMEHEHHOCTb [ae OCBETNeHHbIX
CTOKOB H3 HABO3OXPAHH(HLL OYe€Hb BbICOKA,
B HHX He nornbaer OCHOBHOE KOMHYECTBO
naToreHHOH MHKpPOQAOPBI, H MO3TOMY HCIMONb-
30BaHHe KHAKON (PpakuvH HaBo3a H TeM 6o-
nee TBEpAOH (paKUMK HaBO3a Ha nNoaAX
Aae nocae BbliAePKHBAHHA B TedveHHe 6-12
MecAlUeB B HAaBO3OX paHHAHLLAX HE AAeT rapax-
THH OT 3arpA3HeHHA KaK MNMo4Bbl, Tak H BOA-
Hbix 06beKTOB. [logava »Ke CTOKOB Ha noas
OpOilIeHHA B 3HMHHH TNlepHoA MO CHery MpH
TafgHHH €ro BeCHOH 3a4acTylo MPHBOAHT K
3arpA3HeHHio  BOAHbIX OOBEKTOB oOpraHu4e-
CKHMH, OHOreHHbIMH BelmecTsaMH H natroreH-
HoH MHKpodiopbl. CnoxHOCTE cobaogerns
peKkoMeHAYeMbIX HOPM NoavBa CTOMHOH BOAOH
Ha 3HA4YHTeNbHbIX MAOWAAAX, HEBOB3IMOX-
HOCTb y4eTa aTMocdepHbIX OCaqKOB MOMKerT
MpuBecTr NHbo K nNeperpyske nonen opoleHHsA
No WX nepepabaTtblBaloller CnocoBHOCTH, Nnbo
K 00pa30BaHHIO NOBEPXHOCTHOTO CTOKA, Morna-
AAWEro B BOAOEMbI. HakonaeHHe H XpaHeHHe
CTOUHBIX BOA B MOAEBbIX HABO3OXPAHHHILIAX
He OoTBeYaeT COBPEMEHHbLIM TPQ6OBaHHﬂM 3RO-
(I0THH H OTPHLATENBHO BAHAET HA OKPYXKaIOL1yIo
cpeay. Bce oTH hakThbl CBHARTEABCTBYIOT O TOM,
YTO BO MHOTHX Cy4asX peKoMeHayeMbld AnA
NPaKTHYECKH [MOBCEMECTHOrO HCMOb30BaHHA
C1nocod yTHAM3ALMH CTOYHBIX BOA MHBOTHOBOA-
YeCKHX KOMINEKCOB Ha OpoOlleHHe Henb3A
NPH3HATH MMPHEMNEMbIM KaK C CaHHTapHO-THIH-
€HHYECKOH, TAaK H C TOUKH 3peHHa obecneveHns
‘rapaHTHPOBaHHOM 3ALUHThI MOBEPXHOCTHBIX H
NnoA3eMHbIX BOA OT 3arpa3HeHHA.

Kpome CaHNTapHO-THFHEHHYECKHX ACNEKTOB,
Ha Hall B3raaad, TeXHONOTHA YyTHAH3AUHH CTOY-
HbIX BOA KHBOTHOBOAYECKHX KOMIWIEKCOB Ha
nonAx OpPOLWEHHA HMeeT ewe Ueabll pag
AOTONHHTENBHBIX HEAOCTATKOB, K YHCAY KOTO-*
PbIX MOJXHO OTHECTH cneaylouine:

~ CTPOHTEALCTBO AOCTATO4HO AOPOroH Opo-
CHTENbHON CHCTEMbI C HH3KMM KoahdHUHeH-
TOM HCNOb30OBAHHA;

winter periods, and practically impermeable
soils on vast territories of the country make
organization of disposal fields difficult.

The data obtained by hygienists show that
bacterial dissemination even of clarified
sewage from manure storages is very high. The
major part of pathogenic microflora do not
die in manure storages and therefore the use
of the liquid fraction, let alone the solid one,
on the fields even after keeping for 6-12
months in manure storages does not guarantee
against pollution of soils and water bodies.
If the wastewater is fed to disposal fields
in winter over snow, thawing of the snow in
spring often leads to pollution of water bodies
with organic and biogenic substances and
pathogenic microflora, It is difficult to observe
the recommended norms of wastewater irriga-
tion on considerable areas and it is impos-
sible to take into account atmospheric precip-
itate. Hence, disposal fields can be overlo-
aded as to their processing capacity and a
surface runoff contaminating water bodies can
be formed. Accumulation and keeping of
wastewater in field manure storages do not

satisfy modern ecological requirements and

have a negative effect on the environment.
All these facts suggest that in many cases
the universally recommended method for
utilization of livestock wastewater on disposal
fields cannot be accepted both on the sanitary-
hygiene grounds and from the viewpoint of
a guaranteed protection of surface and under-
ground waters from poliution.

In addition to the sanitary-hygiene aspects,
we believe that utilization of livestock waste-
water on disposal fields has a series of other
drawbacks, such as:

1. Construction of a sufficiently expensive
irrigation system with a low utilization ratio.

2. High irrigation norms for irrigated lands
(in the Urals the figure is 1800-2000 m?/ha per
year), this leading to a considerable consump-
tion of water.
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- BbICOKHE HOPMbI MONHBA Ha OPOLUAEMbIX
3eMaaAx (ana Ypaaa 1800-2000 m3/ra B roa),
KOTOpble MPHBOAAT K 3HAYMTENbHOH notpe6-
HOCTH B BOAE; :

- BblpalMBaHHe TPaB, a TAKXKE HX KOHCep-
BHpoBaHue TpebyeT MpHMeHeHHA Ha 6onblKX
noow@anAax CHOKHOM CenbCKOXO3ARCTBEHHOH
TEXHHMKH, @ TaKMxe Yy4acTHA CleUHanncToB
BbICOKOH KBanHQHKALHH MO CyLlecTBy B CaMble
HanpsAKeHHble NepHOabl CeNbCKOXO3AHCTBEH-
HbiX  paboT;

- TpaBAHAA MyKa, CEHa)K H CHAOC, NpHro-
TOBAE€HHblEe H3 TpaB, BbiPalleHHbIX Ha MOAAX
opolleHHA, B Mpouecce KOHCEPBHPOBAHHA
M XpaHeHHA, Aaxe B ONTHMAbHbLIX YCNO-
BHAX, TepAloT A0 40% BHTAMHHOB. YYHTbI-
BaAd BO3MOKHOCTb HapyUIeHHA ONTHMalb-
HbIX CPOKOB CKallHBAHHA, 3TH MOTEPH MOryT
AoxoaHnTh ao 60%.

1A KOMMNEKCHOro pelleHHa npobnembl
OXpaHbl BOAHbIX PeCypcoB OT 3arpA3HeHHA
AKHAKHMH OTXO4aMH MHBOTHOBoACTBa B Poc
HHHBX pazpaboraHa HoBaa HGeccToyHan TeXHO-
norna BoaoobecneUeHHa KHBOTHOBOAYECKHX
KOMI11€KCOB.

Paspaborka BOAOX03AHCTBEHHOro GanaHca
KHBOTHOBOAYECKOTO KOMMAeKca, Hamnpas-
NeHHOTO Ha CO3/4AaHHe 3aMKHYTOH CHCTEMbI
NpOH3BOACTBEHHOIO BOAONONbL30BaHHA (3CB),
AOMKHA OCYILECTBAATLCA, HCXOAA H3 OCHOBHbIX
NPHHUHNOB HX co3gaHuA. Tlpn atom caeayer
HMeTh B BHAY caeayloulee:

- HGO6X0ﬂHMOCTb 3ametbl BOAHLIX TEXHO- -

OTHYECKHX NpoUeccoB Ha Ge3BogHble;

- MHOTOKpaTHoe, KackagHoe 6e3 O4HCTKH
HCMOMNb30OBAHHE CTOYHBIX BOA;

- CO3/laHNe 10KaAbHbIX OYHCTHBIX COOpyMHie-
HHH [10 OYHCTKE CTOYHBIX BOA OT cneundgHYec-
KHX MHTPeAHEHTOB MPON3BOACTBA;

- MaKCHManbHOE HCAONb3OBAHHE AIA Tex-
HHYECKOTO BOAOCHabKeHHA HeTpaAHLHOH-
HbIX HCTOYHHKOB ~ XO3ObITOBbIX H (HBHEBbIX
CTOYHBIX BOA;

- OYHCTKA CTOYHbIX BOA AOMMHA CBOAHTHLCA
K pereHepaunt OTpabOTaHHbIX pPacTBOPOB H
BOAb! C LEbIO HX MOBTOPHOIO HCIOAb30BAHHA
B MPOH3BOACTBE;

- MeToabl, NPHMEHAEMbIE AAA pereHepalmu
TeXHOOMHYECKHX pPacTBOPOB, BOABI, AONMHbI
obecne4nBaTh OAHOBpPEMEHHOE H3BAEYEHHE HAH
HCMONb3OBAHHE LEHHbIX KOMIOHEHTOB.

3. Growing of herbs and their conservation .
require application of complicated agricultural
machinery on large areas and participation of
highly qualified specialists essentially during
the busiest periods of farm works.

4, Ground grass, haylage and fermented
forage prepared from herbs grown on disposal
fields lose up to 40% vitamins during their
conservation and storage even under optimal
conditions. If one takes into account that the
optimal terms of cutting can be violated, the
losses can attain 60%.

For a comprehensive solution of the problem
of protecting water resources from pollu-
tion with livestock wastes the workers at the
Russian Research Institute for Complex Utiliza-
tion and Protection of Water Resources (Ros-
NIIVKH) have developed a new discharge-free
technology for water supply to livestock
complexes,

A water economic balance for a livestock
complex, which is targeted at creation of a
recycling water use system (RWUS), should be
worked out considering basic principles under-
lying development of the systems:

I. Replacement of water technological proc-
esses by waterless ones.

2, Multiple cascade use of untreated waste-
water.

3. Construction of local purification works
for removal of specific ingredients from
wastewater,

4. A maximum use of nontraditional sources
(domestic and storm drain waters) for techni-
cal water supply.

5. Treatment of wastewater should consist
in regeneration of used solutions and water
for their re-use in the production process.

6. The methods employed for regenera-
tion of process solutions and water should
provide a simultaneous extraction or utilization
of valuable components.

For realization of the given principles,
the researchers at the RosNIIVKH proposed
the following technology for preparation and
utilization of the manure liquid fraction at
livestock complexes.

The dung is separated mechanically into
liquid and solid fractions in a specially designed
dung duct with a false bottom. Only the solid
fraction of the dung is transported outside the
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[lnA peanH3alUMH 3THX TNPHHLMMOB HaMH
npeanoxeda cieayloias TeXHOMorHaA noaro-
TOBKH H YTHAN3ALMH KHAKOH ¢paKlHH HaBo3a
Ha KHBOTHOBOAMECKHX KOMIUIEeKcax.

Hapo3 Ha TBepaylo H Kuakylo ¢paxuvH
pa3enAeTca B HaBO30yAanAoIEM KaHaae cre-
UHanbHOH KOHCTPYKLUHH C (IOKHBIM AHHLIEM
MexaHH4eCKHMM CrnocoboM. 3a npeaenbl KOM-
nnekca Ha NNOWAAKH OTMPaBNAETCA TONbKO
teepaad (paKkuHA HaBo3a, KoTopada mnocne
6roTepMHUecKoro 06e33apasHBaHHA HCMONb-
3yercA Ha MonAX B KauyecTBe OpraHH4ec-
koro yaobpenna. Nocne pasaeneHHA XuaKkas
(ppaKUMA HaBO3a CMelWNBaeTCA C TMPOH3BOA-
CTBEHHbIMH M XO3AHCTBEHHO-ObITOBbIMH BO-
naMH KoMmnaekca, pa3baBasAch TNpH ITOM B
2 - 3 pasa 10 30abHOCTH NopAaka 3 ~ 6 r/a,
yTo Co3daer HeoOXOAHMOCTb GHONOrHYeckom
noaroToBku. [lo3TOMy rMocae ocBeTneHHa B
OTCTOHHHKE CTOKH HanpaBafAlOTCA BO Bpallalo-
wHAca 6nodunbLTp, TAe CHHAKaeTCA OCHOBHAA
Macca OpPraHMHeCKHX 3arpAsHeHHH, a TakkKe
codepkaHHe aMMOHHHMHOIO asota A0 Hy»KHOH
KOHUEHTpaLHH.

Bronornveckn noaroToBneHHaa KHAKas
¢pakuna HaBosa obezzapaHBaeTcA Ha napo-
CTPYHHOH ycraHoBKe. [locne obe3sapaxubBa-
HHA NOCTyNaeT B NPHEMHYK eMKOCTb M'HApOMNo-
HYIKyMa M HMCob3yeTca B KauecTBe nuTarenb-
Horo cybcTpata AnA BblpallMBAHHA 3€1€HOTO
KopMa. [loCago4HbIM MATEPHANOM CAYKHT 3€DHO
3M1aKOBbIX KyabTyp. OcCBell€HHe pacTeHHH NpH
BbipallitBanny MMAPOINOHHOIO KOpMa B Tenau-
uax Tonbko ecrecrseHHoe. Cogepxanre Kapo-
THHA B 3€NeHOH MacCe B OCEHHHe MecCAlbl
cocraBaser 250 Mr/kr. C nageHneM ocpelleH-
HOCTH 3a CYeT COKpallieHHA NPoaonKHTeNbHOC
TH CBETOBOro AHA 40 7 4YacOB H CHHXEHHA
HHTEHCHBHOCTH OCBELLEHHA coaepKaHHe Kapo-
THHa B AeKabpe nagaet go 200 mr/kr. B anpene
H Mae, KOTOpble XapaKTepH3yloTca Hanbonbllen
CYTOYHOH OCBEWEHHOCTbIO H GorarbiM CBe-
TOBbIM CMeKTPOM c npeobnaganveM Yd-Haay-
4YeHHa, coaepKaHve KapoTHHa NoBblllaeTcA
ao 320 Mr/kr.

HccneqosaHna no BBeA€HHIO B palHoOH
XKHBOTHBIX THAPOTNOHHOIO KopMa TMoKa3anH
YCTOHYHBOE [OBbIlIEHHE HAA0eB MO(OKa
Yy KOpOB.

Cneayer oTMeTHTb, YTO CO3aaHHe 3CB xKu-
BOTHOBOAYECKHX [MOMeleHHH 3KOHOMHYECKH
NPHEMAEMO NPH MAKCHMAaNbHOM COKpALLEHHH
HCMONb30BaHHA BOABI HA TeXHONOTHYecKHe
Hy&Aabl. B npeanaraemMon T€XHOAOTHH OCYLUEC-
TBN€HA 3aMeHa BOAHBIX TEXHONOTHYECKHX Mpo-

complex to special grounds. The solid fraction
undergoes a biothermal disinfection and then
is used on farm fields as an organic fertilizer.

The separated liquid fraction of the dung is
mixed with industrial and domestic wastes of
the complex and is diluted 2 or 3 times to obtain
the ash content of 5-6 g/l. The ammonium
nitrogen concentration is 2-3 g/l and therefore
a biological treatment is necessary. So, after
clarification in a settlement tank the wastewater
is fed to a rotating biofilter, where the mass of
organic pollutants and the concentration of
ammonium nitrogen are lowered to the required
level.

The biologically treated liquid fraction of the
dung is disinfected in a steam-jet installation.
The disinfected liquid fraction is fed to a
receiving tank of the hydroponicum and is used
as a nutrient substrate for growing green forage.
Grains of cereals serve as the seed material.

Only natural lighting is used for growing
hydroponic forage in greenhouses. In autumn
months the carotene content of the green mass
is 250 ug/kg. As duration of the light day drops
to 7 hours and the illumination intensity lowers
in December, the carotene content decreases
to 200 ug/kg but rises to 250 ug/kg in January-
February. In April and May, which are charac-
terized by the highest daily illumination and a
rich light spectrum with predominence of the
UV irradiation, the carotene content increases
to 320 ug/kg.

Investigations concerned with the introduc-
tion of the hydroponic forage in the animal’s
ration showed a stable increase in the milk
yield of cows.

Note that the creation of RWUS at livestock
premises is economically acceptable and
provides a maximum decrease in the use of
water for technological needs. The proposed
method envisages replacement of water tech-
nological processes by waterless ones. In
particular, the method contemplates keeping of
fattening animals on slatted floors, a decision
which considerably lowered the requirements
in drinking water used for cleaning of premises
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ueccob Ha 6e3BoaHble. B 4aCTHOCTH, TEXHOMO-
rHA NpedyCMaTpHBaeT coaepKaHHe KHBOTHBIX,
MOCTaBAEHHbIX HA OTKOPM Ha pelleT4aTbiX
flonax, TO 3HAYNTENbHO COKPTHAO NOTpeGHOC-
TH KOMIIEKCA B BOAE TMHTHEBOIO KavecTsBa
Ha y6OpKY NOMEILEHHA, a4 COOTBETCTBEHHO, H
KONH4eCTBO HABO30COAEPAKALLHX CTOYHBIX BOA,
Mepexoq Ha yaaneHHe HABO3a B pa3felHTellb-
HOM HaBO30YOGOPOYHOM KaHane MeXaHH4e-
CKHM CnocoBoM TaKKe MO3BOAH1 COKPaTHTb
KoNH4ecTBO 0OpasylOIHXCA HaBO30COAepXKa-
ILHX CTOHYHBIX BOA.

Kpome TOro, npu cosgauvu 3CB KHBOTHO-
BOHMECKHX KOMIIEKCOB HCMOb30BAHbI TEXHO-
(10THH, 0DecneyYHBaloILIHe He OYHCTKY XKHIAKOH
dpakuHH HaBO3a, a ee MOANOTOBKY C Le/blo
MOfly4eHNA NMTaTenbHoro cyberpata Ans Bbipa-
IHMBAHHA 3e1€HONO rHAPOTNIOHHOIO KOopMa. YacTs
X036bITOBbIX CTOKOB KOMIAeKCa rocae CreuH-
anbHOM TMOArOTOBKH HCMONb3yeTca ANA Mpo-
uecca npopauiMBaHva 3epha W pasbaBfieHHA
AKHAKON (PaKkuUHH HABO3a C.Lenbio CHHKeHHA
B HeH KOHLEHTPALHH 30/bHbIX 31€MEHTOB [0
HOPM muTatenbHoro cybcrpara. OCHOBHbIM
TEXHOMIOTHYECKHM OOBEKTOM Ha KOMIfeKce,
o0ecneynBaloleM [OAHYI0 YTHAH3ALMIO HABO-
30CoAepKaLIHX CTOYHBIX BOA, ABAETCA MHAPO-
OHHKYM - LeX OeKoBO-BHTAMHHHBIX KOPMOB.
B HeM B npouecce KpyraoroqH4HoYro BbIpallii-
BAHHA 3e1eHOro KopMa rHAPONOHHEIM METOAOM
CTOKH NOTpebAAIoTCA PACTEHHAMH HA MPHPOCT
6HoMacchl H TpaHCIHpaLHIO,

TeXHHKO-OKOHOMHYECKHH pacveT 3aTpar Ha
YTHAH3ALHIO OTXOAOB MHBOTHOBOACTBA OT
KOMIIEKCOB KPYMHOIO POraToro CKora H CBH-
HOKOMN/IEKCOB NoKa3an 3HAYHTEeNbHOE CHHXKe-
HHE KaNMTanbHbIX H SKCIVyaTaLMOHHBIX 3aTpaTr
NpH BHeApPeHHH Ha KoMInekcax 6eCCTOMHOM
TEXHONOTHH BogoobecneyeHHA B CpaBHEHHH
C HCNONb30BaHHEM OTXOAOB MKHBOTHOBOACTBA
Ha NnoasAx opolueHnA. KpoMe cHHaKeHHA 0OLIHX
3aTpaT Ha YFHAM3aLHIo OTX040B, NpH HeccTou-
HOW TEXHONOTHH CaeAyeT OTMETHTL 3HAYHTEb-
HYI0 3KOHOMHIO MO 3abopy cBexeH BOAblI Ha
KOMMNAeKcax.

[faHHaA TexHoaorua Obina anpobHpoBaHa
Ha CTOYHBIX BOAAX AHBOTHOBOAYECKHX KOM-
NMEeKCOB KPYMHOIO poraroro cKkota, CBHHOKOM-
NIEKCOB H NTHUedabpHK.

B Hacrosllee BpeMA HHCTHTYTOM BbITIONHEH
paboyHii MPOEKT HA CBHHOKOMMnekce 1000
ronos aAaa noacobHoro xosancrea TIO Opeh-
6yprasroTpaHc (r.OpeHOypr), Ha4yaTo NMPOEKTH-

and, consequently, the amount of dung-contain-
ing wastewater. The use of a mechanical
method for removal of manure in a separating
dung duct was also favourable for decrease
in the amount of dung-containing wastewater.

Besides, RWUS of livestock complexes
employ technologies which ensure preparation,
rather than treatment, of the manure liquid
fraction for production of a nutrient substrate
for growing hydroponic green forage. Part of the
domestic wastes of the complex undergoes
a special treatment and is used for germina-
tion of grain and dilution of the manure liquid
fraction to lower the concentration of ash
elements to the norms adopted for the nutrient
substrate.

The main technological body at the complex,
which ensures a full utilization of dung-
containing wastewater, is a hydroponicum -
the shop producing protein-vitamined forage.
The shop grows green forage on an all-year-
round basis by the hydroponic method, where
plants consume wastewater to increase their
biomass and for transpiration,

A techno-economic estimation of expendi-
tures for utilization of farming wastes from cattle
and hog complexes shows that introduction
of the discharge-free water supply technology
at livestock complexes leads to a considerable
decrease in capital and operating costs com-
pared to the use of livestock wastes on disposal
fields. In addition to a decrease in the total
costs of wastes utilization, which is achieved
with the discharge-free technology, note also
a great economy in withdrawal of fresh water
at the complexes.

The proposed technology was tested on
wastewaters from cattle, hog and poultry farms,

At present the RosNIIVKH has completed
a contractor design of a subsidiary hog farm
for 1000 heads at TPO «Orenburgavtotrans»
(Orenburg) and began the design of a recycling
water use system for a hog complex rated
at 10000 heads per year (Angarsk).

poBatHe 3aMKHYTOHM CHCTeMbl BOAONONbL3OBa-
HHA A1A CBHHOKOMIVIEKCA [PON3BO/HTEIbHOCTDIO
10000 roaos B roag (r.AHrapck).
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CO3AAHHE PALIHOHA/IBHOH TEXHO(IOIM'HH
H CTPYKTYFPbl T'A/IbBAHHYECKOIO
NMPON3BOACTBA C UE/MBIO YAYHIIERNWA

IKONOTMYECKOTIo COCTOAHHA
BOAHBIX PECYPCOB MOCKBL!

Beases Baaanmup AHADEEBHY, Kaha.

' TEXH.HayK;
AenapTamMeHT repcrnes THBHOro pPasBHTHA
MocKBbl.

AbaderHro AneKcanap BacHiabeBHY, KaHA.
XHM. HayK;

Burorpagos Cepren CTaAHHCAABOBHY -
KaHa. TeXH. Hayk;

HHH “Hmryasc'

B 1993 rogy B paMKax TOpOACKOH
[porpaMMbl 6bI10  0bCneqoBaHO OKOMO 350
ranbBaH4ecKnx LEXOB M YyY4ACTKOB, pacno-
OKEHHBIX HA TEPPUTOPHH BCeX 10 aAMHHH-
CTPATHBHBIX OKPYroB MOCKBbI H obegneyu-
. BAIOLUMX NOTPeBHOCTH NPOMBIIAEHHOTO KOM-
faexca ropoga.

B 1lenoM ranbBaHn4eckoe NPOH3BOACTBO
MOCKBLI  XapPaKTEPH3YeTCH  CIeAYIOUHMH  na-
PaMeTpaMH: ,

of'eM MpoH3poACTBa 16,2 MAH.KB. B roa,

B TOM YHCAEe LIMHKOBaHHe 42%, XPOMHpPO-

paHuH 6%, HHKeaupobatine 11%, ™MeagHe-

HHhe 6%, KaaMuposaHHue 1Y%:;

KONMYeCTRO padoTaoUIMX:
Beera 5.5 ThiC HenonBek,

R TOM YHCae padounx 3.8 ThiC.HeqoBekK;
O0IIHe TIA0WAAN adbBAHHUECKHX LIEXOB H
YHACTKOB 381 ThIC.KB.M,

B TOM YHCAe NPOM3BOACTBEeHHblEe 226 ThIC,

KE.M; '
notpednelre BoAbl 13,3 MAH.KyO.M B roa.

Cylectpyioulee  ranbBaHHyeckoe  MPOH3-
BOACTBO XApaKTEepH3yeTCa HepaluHOHanbHOM H
HEIKOHOMHWYHON CTPYKTYPOHM, HaXxo4uTCs, Kak
NpaBHno, Ha HHU3KOM TeXHHYECKOM YDOBHE H
ABAAETCA OAHHMM M3 OCHOBHbIX HCTOYHHKOB

3arpAsHeHns BoAHOro HaccerHa.
OcHoBHasa Macca TIOKpbITHA  (73,4%)
npouszgoAnTcst Ha 10,2% npeAnpHATHR ¢

APOH3BOANTENBHOCTHIO CBbile 100 ThIC.KB.M
g rod, Ha KOTopbiXx 3aHATO 34% ot obiuero
0AUYecTBa paboTaloWMX.

0O6'eM TOTOBbIX NMPOAYKLHH COCTaBAAET B
cpeateM 43 kB.M TOKPLITHA B Tog ¢ | KB.M

CREATING RATIONAL TECHNOLOGY
AND
STRUCTURE OF ELECTROPLATING
PRODUCTION WITH THE AIM IMPROVING
ECOLOGICAL CONDITIONS OF MOSCOW
WATER RESOURSES

Viadimir A. Belyaev , Fh.D.(Chem. Eng.);
Department of Frospective Development of
Moscow.

Alexandr V. Dyachenko, Ph.D.(Chem.);
Sergel S. Vinogradov, Fh.D.(Chem. £ng.)
‘Impuls’ Research Institute, Moszow.

In 1993, within frames of City Program
about 350electroplating shops and plants,
located in the territory of alll0 administrative
areas of Moscow and meeting demands of
theCity Industrial Complex were studied.

Thus electroplating production in Moscow
is characterizedby the following parameters:

volume of product 16.2 mill.sq.m per an-
num,
including zinc plating - 42%, chromium
plating - 6%.nickel plating - 11%, copper
plating - 6%, cadmium plating - 1%;
number of workers:
total - 5.5 thousand people,

including labourers - 3.8 thousand people;
total areas of electroplating plants and
shops is 381thousand sq.m,

including production - 226 thousand
sq.m;
water demand - 13.3 Mill.cub.m per an-
num.

The existing electroplating is characterized
by irrationaland uneconomical structure, as a
rule,is at low technical leveland is one of
the major sources of water pollutions.

Majority of coatings (73.4%) is carried
out in 10.2% ofenterprises with capacity
higher than 100 thousand sq.m perannum,
in which 34% of the total number of work-
ers are employed.

Average volume of finished products is 43
sq.m of coatingper year with 1 sq.m area of
the plant and varies from 539 to0.05,
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noowaaM uexa H Koaebaerca or 539 go
0,05.

MorpeHaeHre Bojbl COCTaBAAeT B CpedHeM
0,85 Ky6.M Ha | KB.M nNOKpPbITHA H KO-
aebaerca ot 0,07 go 23.

B cpeaHem no Mockee notpebieHHe Xu-
MHKaroB OTAH4YaeTcd OO0abLIOA pacToO4YHTElb-
HOCTbIO. TaK MO COAAM LIMHKa YaAeabHbIA pac-
xoq B 6 6, no coaaM Xpoma B 47, no coaaMm
HHKeada B 60 H Mo CoaaAM H Mo coaaM MeaqH
B 300 pa3 npeBblllaeT MaKCHMadbHbliF HOP-
MaTHB pacxoja.

OYHKHOHHWpYIOLIHE B MoCKBe raabBaHH4ec-
KHe TMPOH3BOACTBA HMEIOT PAA 0coBeHHOCTeN.

Bo-nepBbiX, HH30K YpOBeHb TeXHHYeCKOro
OCHalleHHA M caabo BHEAPAIOTCA Mporpec-
CHBHbIE TeXHOOTHH.

Bo-BTOpBIX, OMHCTHDbIE COOpYXKEeHHA
HCNoab3yloTca HeadpdeKTHBHO HAH BoobLle
He NpeaycMOTpeHbl NPOeKTaMH.

B-TpeTbux, NMpaKkTHYECKH OTCYTCTBYET
palimoHaabHasA cHcTeMa riepepaboTkn
oTxogoB. Ha npeanpuatiax 6e3orxodHbie

TEXHOIOTHH He TMPHMEHAIOTCA, a BO3BpaTHbLIA
oBopOT BOAbI CYLECTBYET B HEe3Ha4HTe[bHbIX
ob'emax. M0 CylWlecTBY BCE MpeAnpHATHR He
3aHHTEPEeCcoOBaHbl B npeAynpexaeHHH
3KOMOTHYeCcKoro yuepba.

OCHOBHbIMH 3ada4YaMy 1o crabuanzaumy H
YAYULIEHHIO 3KOAOMMYeCKOH CHTyauHWH B ro-
pofe B CBA3M ¢ (yHUHOHHPOBAHHEM ranbbBa-
HOMPOH3BOACTB ABAAIOTCA CIEAYIOLHE:

-KOHTPONb 32 ABHKeHHEM TOKCHYHbIX Be-
wecrs B MOCKBe, 3a HaKOMAEHHEM OTXO/IOB,
3a COCTOAHMEM BOAHBIX Pecypcos:
-MoaTanHoe CHHXKeHHe 3arpA3HeHHA A0 MNpe-
AeNbHO [OMYCTHMOrO YPOBHA, a 3aTeM Ao
YpPOBHAE6 OGeconacHOro AdA COCTOAHHA He-
(10B€Ka H 3KOCHCTEM.

flan  pelleHHA 3THX 3adga4y HeobXxognMmo
npex/ae BCEro pewnTs npobaeMy npeayn-
pexaeHna ywepba nyreM BHeAPeHHA [Ipor-
peccHBHbIX TEXHOOrHH, MaccoBoro BHeape:-
HHUA TMPOrpPeccHBHbIX MeTOAOB OYHCTKH H
BBOAA OYHCTHbLIX COOPYXEHHWH, 3aKpbITHA He-
3¢ PEKTHBHbIX H 3KOAOMHYCEKHX BpedHbIX
NPOH3BOACTB, OpraHH3allMed pasyMHOH BHYT-
pHropo4ACKOR KoorepauuHM a TakKe ¢ [o-
MOUWBI0  co3daHAa  3hPEKTHBHOH  CHCTEMbI
nepepaboTsH OTPaboTaHHbIX 30EKTPONHTOB H
raabBaHoLAaMoB. (A pelleHHA 3THX 3adauy
NpHUBAEKaAIOTCA BedylllHe B 3TOR  0OnacTH

Average water demand in Moscow is 0.85
cub.m per 1 sq.m ofplating and varies from
0.07 to 23.

Averagely, in Moscow chemicals are iIn
great demand. Thus,specific consumptions of
zinc, chromium, nickel and copper saltsare
6, 47, 60 and 300 times higher than the
maximum normalconsumption.

Electroplating productions, operating in
Moscow have manyspecial characteristics In
the first place, engineeringinstallation level is
low and progressive technologies arepoorly
realized in practice.

Secondly, the central treatment facilities
are elther notused effectively or not consid-
ered at all in the projects. Thirdly, practically
rational waste processing system is notavail-
able. At enterprises, wasteless technologies
are not usedand while water return is avail-
able in big volumes. In realityall enterprises
are not interested in guiding against ecologi-
calloss.

The main task on stabilization and im-
provement ofecological situation in the city
as regards operation ofelectroplating produc-
tion are the following:

<ontrol over movements of toxic com-
pounds in Moscow, wasteaccumulation,
conditions of water resources:

-step-by-step poliution reduction down to
the maximumpermissible level, and then to
level, safe for human conditionand ecosys-
tem.

In order to tackie these problems it is
necessary to startby guiding against loss by
applying progressive technologies mass intro-
duction of progressive treatment methods
andfacilities, closing ineffective and ecologi-
cally hazardousproductions, organizing sensi-
ble intra-city cooperation as wellas creating
effective system for processing spent electro-
lytesand plating sludges. In order to solve
these problems, leadingMoscow enterprises
and organizations: Russian MendeleevUniver-
sity of Technology, ‘VNIChT', ‘VNIETO'
Company,'ECOTEXProm” Company, ‘Mosko-
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npeanpuTHA H opraHu3aupn MockBbl: PXTY
M. [A.H.MeHaeneepa, BAHHXT, AO BHHHOTO,
HIMTO '2dkotexnpom’, Mockomrnpupoga v HHH

"UmMnyasc.

BbinmoAHeHHe 2THX 3ad4ad4  AQKHO Nofd-
KpenaaTbCa  TPHMEHeHHeM  SKOHOMHYCEKHX
HHCTPYMEHTOB  yNpaBleHHA 3KOIOTHUYCEKOH

HeconacHOCTbIO, 3aKaoYalolWrx B coveTaHHH
aAMHHHCTPaTHBHO-MpapoBbiX W DKOHOMHYEC-
KHX MeToa0B. ‘

AAMHHHCTPaTHBHO-TIPABOBbDIE MeTO/bl
rnpeaAnoaaralT MNpaAMoe TMPHHYAWTEAbHOE pe-
ryaHpoBaHHE B COOTBETCTBHH C 3aKoHoAda-
TenbHbIMH H NPaBOBbIMH akTaMH M BKAIOYaloT
B CcebBA CHCTEMbl 3arnpeToB, orpaHH4eHHd Ha
npypoaonodb3oBaHHe, CHCTEMY KOHTPOAA H
MOHHTOPHHI'G 33 COCTOAHHEM [PHPOAHOA
cpeabl, CHCTeMy LWITpadHbIX CaHKLHH.

DKOHOMHYeCKHe MeTodbl peryiHpoBaHya
OXpanbl OKpyzRawoillefi cpedpl, KaK MoOKasbiBa-
eT OMbIT CTpaH C PasBHTOH PbIHOYHOH 3KO-
HOMHKOH, OCYLUECTBAAIOTCA B ABYX (popMax.

Meppan - BKAOMaeT MeTOAbl peryaHpoba-
HHA, KOTOpble ABIAIOTCA NPOAOMKEHHEM ad-
MHHHCTPATHBHOrO ynpabieHHA H NpeacTas-
amor cobor pAd  opraHH3alUHOHHBIX Mep,
npeaHa3Ha4eHHbIX Add BO3AEACTBHA Ha npo-
H3BOAHTENEN H TOTpeOHTeNeH C LIeAblo CTH-
MY/IMpOHHA 3KOMOTH4YeckH 6Ge3onacHoro  Xo-
3AACTBOBaHAA. K HHM OTHOCATCA TaKHE 3KO-
HOMHYEeCKHE HHCTPYMeHTbi, KaK Haaoropas,
KpeauTHasd, aMOpTH3allHOHHAaA M CTpaxoBaA
MOANTHKA. LeHTpanH3oBaHHO  BBeJEHHbIe
2KOHOMHYECKHEe HHCTPYMEHTbl HMeloT caMope-
ryfupoBaHHs.

Bropasa ¢opMa - pbiHOYHOE CaMOperynu-
poBaHHe HCIOab30BaHHA aCCHMHAALUHOHHOIO
noTeHLMana oOKpyXalollieH cpedbl MpH LEH-
TpanH3oBaHHOM pacnpeaeneHHer KBOT Ha 3a-
rpasHeHHe. B 3TOM Cdaydae BO3HHKaeT PbIHOK
'fpaB Ha 3arpasHeHHe’ H TMOABAAETCA BO3-
MOMHOCTh CHH3HWTb YpOBeHb 3arpsasHeHHA c
HaHMMeHbUWIMMH  4Asd  perHoHa  3aTpaTtamMh:
npeAnpHATHA C BbICOKHMH H3/epKKaMH Ha
OYHCTKY OyayT ‘nokynaTb MpaBa Ha 3arpas-
HeHHe' Y MNpednpHATHA C HH3KHMH H3Jep-
2KKaMH.

BbicoKaA 3arpA3HeHHOCTb  OKpYyKaloLLen
cpeabl TOKCHYHBIMH  BelllecTBaMH  TpeOyeT
MPHHATHE He3aMeAHTEbHbIX Mep M0 CHHKe-
HHIO 2KONOTHYECKOTo pHcka, OgHako Kpu-
3HCHOE COCTOAHHE YKOHOMHKH OrpaHH4yHBaeT
pecypcHble BO3MOXKHOCTH MO  peaqu3aunu

mpriroda’ and ‘Impuls’ Researchinstitute have
to be involved.

Solution to these tasks should be con-
nected to economicinstruments for control-
ling environmental safety, combiningadminis-
trative/legal and economic methods.

The administrative/legal methods suggest
direct forcedcontrol in accordance to the Law
and Legal Acts which includesystems of pro-
hibitions, limitation to natural resources
use,control and monitoring environmental
condition, fine sactioning.

The economic methods of environmental
control, as theexperience of countries with
developed market economy shows, aredone
in two forms.

The first form includes regulatory meth-
ods, which are thecontinuation of the admin-
istrative control and is a series oforganiza-
tional measures meant to act on producers
and consumerswith the aim of stimulating
ecologically safe economy. Theseecononomic
instruments such as tax, credit, depreclation
andfining policy belong to this form. Intro-
duced centralizedeconomic instruments have
a fixed character and are not theresult of
market self regulation,

The second form is market self regulaus..
of usingassimitated potential of the environ-
ment at the centralizedpollution quota distri-
bution. In this case, "Right-on-Poliution‘'market
evolves and possibility arises to reduce pol-
lution withminimum regional expenditure:
enterprises with big expenditurefor treatment
buy Rights on Pollution from enterprises
withsmall treatment expenditure.

High environmental pollution by toxic
substances requiresquick measures on envi-
ronmental risks reduction. '

However, resources possibilities for realiz-
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npupogooxpaHHoH fgeaTenbHOCTH7 B 3aBHcH-
MOCTH OT MO3WTHBHLIX CABHIOB B 3KOHOMHKE
H pa3BHTHA pPbIHOYHbIX OTHOLUIEHHH BHeape-
HHe KOHKPeTHbIX 3KOHOMH4Y€CKHX MeXaHH3-
MOB MO OrpaHH4eHHIO DSKONOMHYeCKH Bpes-
HbIX radbBaHHYeCKHX npousBodcTe Oyaer
MpPOXOAHTH TMO3TAIHO.

Ha nepBom »3T1ane peulaeTcd 3agavya Ao-
CTHXeHHA YPOBHA 3arpA3HeHHH B Mpedeaax
YCTAHOBAEHHOIO (IMMHTA. YCTAHaBIHBaeTCA
naarta 3a sarpfAsHeHHs B Tipegedax AHMMHTA H
wtpadbl B cday4ae ero Mnpe.biuieHHA. (lloban
NMpHpOAOOXpaHHa# AeATeNbHOCTL CTHMYAHPY-
eTCcA C MOMOLUbIO HanoroBoH, KpeaHuTHOH H
aMOpPTH3aLMOHHOA NOAHTHKH. [loCTHXKeHHe
YCTaHOB/IeHHOro AA JgaHHoro paHHoHa au-
MHTa 3arpa3HeHHH pelaeTcsa 3a cYeT HOPMH-
poBaHHA MNOTpebieHnas XMMHKATOB M pacxoaa
BOAbl, YHH(HKALUMH pacTBOPOB, MOBbILUIEHHA
Ky(bTypbl [POH3BOACTBA, BHEAPEHHA TeXHo-
AOMYH BOCCTaHOBIEHHA pPabBoTOCNOCOOHOCTH
oTpaboTaHHbIX  3EKTPOAHTOB, [OBbILUEHHA
acddekTHBHOCTH pPaboThl OYHCTHBIX COOpY-
KeHHA, CTHMYIHpOBaHHe CBA3eH MO Koofe-
paUHH6 a TakXe 3a cYeT 3aKpbiTHA HaHbonee
OoNnacHbIX H YCTapeWHx MPoH3BoACTs. B aTHX
liendXx Ha OCHOBe HMelolleHca HHdopMalHH
COCTABAAKTCA KapThl 3KOAOIHYECKONo PHCKaE,
B COOTBETCTBHH C KOTOPbIMH BbIABIAIOTCA
pafoHbl MOBbILIEHHOrO pHCKa.

Ha BTOpPOM 3Tane peulaerca 3agada /0-
CTHXeHHA HopMmatHBoB I14C. B agonoaHeHHH
K AKOHOMHYeCKHM MeXaHHM3MaM, AeACTBYIO-
IIHM Ha [MepBOM 3Tane, ¢GOPMHPYIOTCA OC-
HOBbl PBIHOYHOINO CaMOpPEryIHPOBaHHA IpH-
pPOAOOXpaHHOH LeATENbHOCTH. DTOT MNpoLecc
OCyLUECTBAAETCA  Ha  OCHOBE  TOProBaH
‘paBHAaMH Ha 3arpsAsHeHHe', (JMUEH3HAMH Ha
HCMoab3oBaHHe TNPHPOAHBIX pecypcoB. B pe-
3yabraTe >TON0  OCYLIECTBAAIOTCA 3IKOHOMH-
YeCKH BbIFOAHble NPHPOAOOXPaHHbIE Mepor-
PHATHA 'O BHeAPEHHIO  aabTepPHATHBHbIX
raabBaHH4eCKHM TeXHOAOrMA HaHeCeHHA MOoK-
PbITHA, aOKadbHble MeTOodbl OYHCTKH TIpo-
MbIBHbIX BOA, PpereHepalHH W YTHIH3aUHH
UeHHBIX KOMMOHEHTOB, OpraHW3allHd LeHTpPOB
no rnepepaboTke OTXOAOB raabBAaHOMPOH3BOI
cTea. Ha BTOpOM »Tane 3aBeluaeTcA CO3/aHHe
3G @PEKTMBHOH CHCTEMbl KOHTPOAA W MOHHTO-
pHHra H [JOAXKHbl OCYLUECTBAATLCA XKeCTKHe
CaHKLH 10 BbIMOAHEHHIO 3aKoHa ‘O6 oxpaHe
NPHPOAHOH cpeapr’.

Ha TperseM artane craBMTCA 3adaya nepe-

ing environmental protectionactivities are lim-
ited due to critical economic condition.

Depending on possitive shifts to economic
mechanisms forlimitation on ecologically
hazardous electroplating productionswill be
on stage-by-stage basis

In the first stage, the task of attaining es-
tablishedpollution limit is being solved. Pay-
ment for pollution withinlimits and fines, in
case the activity is stimulated by tax,credit
and depreciation policy. Achieving the estab-
lishedpollution limit for a given region Iis
solved by controllingchemicals and water
consumption, solutions unification, raising-
production culture, introducing recovery
technologies ofworkability of spent electro-
lytes, increasing operationeffectiveness of
treatment facllities, stimulating connection
bycooperation as well as by closing down
the most hazardous andoldest productions.
For these reasons, on the based oninforma-
tion, maps on environmental risk are shown.

In the second stage, the task of attaining

level istackled. In addition to economic
mechanisms functioning in thefirst stage,
market self regulation fundamentals ofenvi-
ronmental protection activities are being
formed. Thisprocess is being carried out
based on 'Right to Pollution'business by issu-
ing licences to use natural resources. Due
tothis profitable environmental protection
measure by introducingalternative electroplat-
ing technologles, local methods of rinsewa-
ters treatment, valuable components recovery
and utilization,organizing centres for creating
effective control - and monitoringsystem are
done and strict sanction on execution ofEn-
vironmental Protection Law must be en-
forced.

In the third stage, reorientation problem
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OpHEeHTaUHH TNPHPOAOOXPaHHOH AeATeNbHOCTH
C CHCTeMbl HOPMaTHBOB Ha JOCTHXEHHe
CTaHAapTOB KadecTBa OKpyXKalollen cpeabl
(3KOoNOrHMyeckasa DPeKOHCTPYKUHA). B aTHX ue-
AAX HeobXoaHMbl KOPPEKTHBLI 3aKOoHOJaTe b
HOHM H NpaBOBOH OCHOBbLI B CTOPOHY YyXeCTo-
yeHHa TpeOOBaHMH K KadyecTBY OKPYKalolleH
cpedbl M CaHKUMH K HapywHTenAM 3akoHa.
Ha »TOoM »Tane B AonodHeéHHe K paccMOTpeH-
HbIM Bbille MeXaHW3MaM J0MmKHO ObiTb BBe-
JeHO CTpaxoBaHMe 3KOMOTHYecKoro pHcka,
BO MHOroM onpegensollee H peaqnusyioliee
BO3MOKHOCTH CHHXeHHA yllepba “eaoBeky,
fIpHpode H 3IKOHOMHKE.

PaccMoTpeHHble MepPONpHATHA MO  Cco3da-
HHIO palMOHaNbHOA TEXHONOTHH H CTPYKTYpPbI
rafabBaHHYECKOro MpoH3BoacTBa TpebyloT Ge-
30TAAraTe/IbHOrO BbINONHEHHA, B TMPOTHBHOM
cay4ae TakWe 3arpasHeHHble -PerHoHbl, Kak
MockBa ¥ Mockopckas o6nacTb, B nNepexos-
HbIFl NepHOA MOTYT OKa3aThCA B KaTacTpo-
(hHHeCKOM  COCTOAHMH, . a  IKOOTHYecKHe
cayxdbl OyayT OKOHYaTeNbHO pa3zBaneHbl.

of environmentalprotection activity with sys-
tem of attaining level ofqualitative environ-
mental standards is presented. For theserea-
sons, correcting regulatory legal basis to the
side ofalready standing requirements for en-
vironmental quality andsanctions on breakers
of the law. In this stage, in addition tothe
above mentioned mechanisms, ecological
risk insurance mustbe introduced, in deter-
minig and realizing possibilities ofreducing
losses to man, nature and economy.

The discussed measures for creating ra-
tional electroplatingproduction technology
and structure require immediate execu-
tion,otherwise such polluted regions as Mos-
cow and the Moscow Regionsin the Transi-
tion period may, find themselves in catas-
trophicconditions, while ecological service
will be completely
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SEKTPOANAMN3HOE OMPECHEHHE
KO((IEKTOPHO-APEHAZKHDBIX BOA

beprenneBa /ledda KapArgvresra, K.T.H.,
EsxxatioB Xo/KaHenec, A4.T.H., BbIrOHOBCKaA
HHHa 'epmaroBHa HHCTHTYT XHMHH AKageMHH
HayK TypKMeHHCTaHa

B <Az € pa3BUTHEeM  Meanopauny
Bo3pacTaeT pacxod BoAbl Ha [MOHB CeflbC-
KOXO3AHCTBEHHbBIX KyabTyp. /[lonoaHuTenbHbIM
HCTOYHHKOM BO/Abl MOTYT CTaTbh KO(INEKTOPHO-
ApeHaxHble Boabl (KAB) nocae ofpecHeHHA.
MoKazaHa BO3MOMKHOCTb onpecHeHHA K/B
AEeKTPOANaNH3HbIM MeTOAOM.

OnpecHenHio Nogpepragack ApedHaxkias Boda

[epbAablKCcKoro KodaaekTopa /(lallXoBy3CKOro
BenaATa TypkMeHHCTaHa € conecodepKaHHeM
Ao 4 r/a. MHHepaabHbIFi  COCTaB BO/AbI
3aBUCHT OT ce30Ha M Koaebaaca or 2,1 ao
4,09 r/a. Boda OTHocHTCA K  cynbdart
X(IOpHAHOMY Kaaccy. HccaegobaHa BO3MOX-
HocTh onpecHenna KJB 6e3s npeapaph-
TelbHOrO yMAr4yeHHA. 2eKTpoAHalH3 Bedd C
HCMONb30BaHWEM CTaHAAPTHBIX IeTeporeHHbIX
MeMOpaH MA-40 n MK-40 npH pasaHyHbIx
pexumax onpecHeHHA.

B pemuMe 20eKTPOAHANH3HOIO  KOHLEH-
TPHPOBAHHA C YBeIHYeHHEM BpeMeHH MoaapH-
zalpy  HabaioAaeTca  focrerieHHbid  pocT
HanpAaXeHua (DV) Ha 50eKTPOXHUMHYECKOHA
AYerKe, M MPpH MAOTHOCTH ToKa [=3 mA/cM2
BO3pOCAO Ha 25%, NpHYeM Ha aHHOHMTOBOH
MemOpaHe DV npakTHYeCKH He M3MEeHHI0Ch, a
Ha KaTHOHHTOBOH BO3pocao B 1,3 pa3sa.

fanbHeHllee ypeauveHve BpeMeHH 1104Aa-
pH3aUHMH  COMPOBOXKAAETCH PE3KHM  POCTOM
HanpaAXeHHsa Ha Adekike H MeMOpaHax, 3a
cyeT BbINageHHA O0C3AKoB B  PacCcoabHoOH
Kamépe. Ocafok B OCHOBHOM COCTOAd H3
cyabdata KanbuHa (58%), kapOoHaTa Kadb-
A W MarHvsa. PacTBOp B pacCcodbHOH
KaMepe [IpH  UHPKYAALMOHHOM  peXHme
CKOHUeHTpHpoBaaca B 2,73 pasza. (laHHbi#
THIT  KOIEKTOPHO-APEeHAMHbIX BOA  Heb3s
noapepratb 301eKTPOAHATH3HOMY ONpeCHeHHIo
Oez npoeeaeHHsA TNpeABapHTENBHOTO  YMAr-
YeHHA. CreneHb KOHLUEHTPHpOBaHHA paccona
NMPH BbICOKOM COAepXaHHWH - cynbgar-HoHa
orpaHH4HBaeTcA peaeqoM ' pacTBOPHMOCTH
CaS04. 10 NpenaATCTBYeT  LLIHPOKOMY
BHe/peHHIO 21eKTPOAHAIH3HOrO ONpecHeHHA
cynbdatocofepXKalllHX KeCcTKHX Bod. [lpose-
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ELECTRODIALYSIS DEMINERALIZATION
OF THE COLLECTOR-DRAINAGE WATERS

Berkelieva Leyla Karyagdievna, candidate of
the technical sciences, Evzhanov Khojanepes,
Dr. of technical sclences, Vagonovskay Inna
Germanovna, Institute of Chemistry of
Academy of Sciences of Turkmenistan

Due to the development of melioration the

water nsumption Is increazed for the
irrigation of the agricuitural cultivations.
Collector-drainage waters (CDW) can be

additional sourse of water after desalination.
The possibility of demineralization of CDW
by means of electrodialysis method is
shown.

Drainage water from the Deraluk collector of

Dashovuz velayat of Turkmenistan was
desalted, salt content was about 4 g/l
Concentration of the mineral compounds in
water depends on the season and in the
course of time it fluctuated from 2.1 to 4.09
g/l. Water is refered to sulphate and chlorine
class. Desalination of CDW was reseached
without  removing  the waters hard.
Electrodialysis was performed with using
standard heterogenetic membranes MA-40
and MC-40 In various operating conditions of
desalting.

The increase of time polarization in
condition of electrodialysis concentration
gradual growth of voltage (V) was observed
on the electrochemical cell and at density
currant i=3mA/sm2 it increased on 25%. On
anion exchange membrane V did not change,
but on the cation exchange membrane it
increased in 1.3 time.

The further increase of polarization is
accompained by rapid growth of voltage on
the cell and membranes due to the
sediments falling out in the brine section.
Sediments consist mostly of calcium sulphate
(58%), calcium and magnesium carbonates.
Under the circulating operating conditions the
solution in the brine section has been
concentrated in 2.73 times. This type of
CDW cannot be desalted by .electrodialysis
without removing waters hard. The degree of
the brine concentration on high content of
sulphate ion is limited Dby solibility of



‘iteHHOEe  MpedBapHTeabHoe yMmArdenne KB
H3BECTKOBO-COAOBbIM METOAOM MNO3BOMHAO T10-
AyYHTb OCTATOYHBIA pPaccon KOHUEeHTpaLHen
43,953 r/n.

HcnoabsopaHre MOAH(HUHPOBAaHHbIX
meM6pan MK-100M n MA-100M, obnagaiownx
nabupaTtenbHOR NPOHHUAEMOCTBIO K OAHO3a-
pAAHBIM  HOHaM, AaA  3(1eKTPOAHANH3HOIO
onpecHenrida BoAb! [apbAnbIKCKOro  Kodnex-
TOpa MNOKasano BO3MOXHOCTL OnpecHeHH:
KAB 6e3 npeasapHTenbHoro ymardeHus. [IpH
NMPOBEAEHHH 3(1€KTPOAHANMN3HOrO OMNpecHeHHA
C HCMOab30BaHHEM 3apAACEeNeKTHBHbIX MeMO-
paH HanpAXeHHE Ha JCKTPOXHUMHUECKOH
AYenKe MNPaKkTHYeCKH He H3MeHAROCb, KOH-
UeHTpauns paccoaa cocrtasuna 54,25 r/a.
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CaS0O4. That creates  obstacles for
electrodialysis sulphate contents hard waters.
Removing of the waters hard COW by the
reagent method permitted to obtain brine
with concentration of 43.953 g/l

The use of modificated membranes MA-
100M and MC-100M selectlve to onevalent
ions for electrodialysls demineralization
waters of Deraluk collector showed the,
possibility of desalination of CDW without
removing waters hard. Electrodialysis with the
charged  selective membranes does not
change the voltage on the electrochemical
cell and mineralization of brine was 54.25
g/l after 330 hours.



AHANOTOBAA KOMINLIOTEPHAA MPOTPAMMA
«METAH 2.2» — DPPEKTMBHOE CPEACTBO
ABTOMATHYECKOI'O KOHTPO(A H
YNPABAEHHA AHASPOBHbIM MPOLIECCOM
s

B.A.BasriuH, 4.¢.-M.H..
B.b.BacHibeB, K.¢.-M.H.,
C.B.Porros.

HHCTHTYT BOAHbBIX 11poGaeM
FoccHicKor Axaqemrn Hayr,
Mocksa

MlocTpoeHa HMMHTALMOHHAA MOAENb H COOT-
BETCTBYIOLWIAA AHANOrOBaA KOMIBIOTEPHAA MpoO-
rpamMma, npedHasHaYeHHas AA ONTHMH3ALMH
npoxsBoAcTBa Grorasa H3 WIHPOKOTO CHEKTpa
3arpA3HAIOLINX BelLecTB U 3¢¢eKTHBHOro yn-
paBneHHa aHa’poOHbIM mnpoueccoM. Moaeab
noKasana xopolliee COOTBETCTBHE 3KCNepHMeH-
TafbHbLIM AAHHLIM NPH Pa310KeHHH HEKOTOPbIX
THIMOB OpPraHHYeCKHX 3arpA3HeHHH.

BEAEHAHE

Mpolecc aHa3pOBHOTO pa3NoONKEeHHA OpraHu-
4eCKOro BeLUECTBa (1€KHT B OCHOBE MONy4YeHHA
BO30DOHOBIAEMOH 3HEPTrHH H3 KOMMYHalbHbIX
OTXOAO0B H OTXOAOB MNPOMbIUIEHHOTO H Ceflb-
CKOXO3AWCTBEHHOTO MpoOM3BOACTBa. [IpH 3ToM
CaMH OTX0Abl 3HA4YHTENbHO COKpAILATCA B
o0beMe, NpeaOTBPALIAA 3arpA3HEHHE OKpyXKa-
ouier cpeabl. B ropogax 6wipliero CCCP 06-
pasyerca oKono 40 MAH.T TBepAbIX OBbITOBLIX
oTxoqoB B rog (Fopbatiok U ap., 1989), a
eXeroaHblfl BbIXOA HaBO3a C CeNbCKOXO3AH-
CTBeHHbIX ¢epM ouenupaerca B 1,5 mapa.r
(KoBaneB, HoxeBHHKoBa, 1990). Tonbko Ha
MOCKOBCKHX CTaHUHAX aspauHH obpasyercs
OKO10 23 THIC.T 0CAAKOB B CYTKH.

Bmecre ¢ TeM, B 6biBiieMm CCCP Ao HacToA-
Lero BpeMeHH aHaspobHaa obpaboTka sarpas-
HEeHHH NPHMeHAETCA B OrpaHHY€eHHbIX MaCILTA-
6ax. Oana ©3 NpPHYHMH OBTOTO - OTCYTCTBHE
KBanH$HUHPOBAHHOTO NMepcoHana, criocodbHoro
NpeaoTBpalLaTh BO3IMOKHYI0 HEYCTOHUHBOCTb
aHaspobHoro npouecca. Ha 3anage HHTEHCHBHO
pa3BHBAIOTCA aHa3poOHble peakTopbl HOBOTO
NMOKOMeHHA, B KOTOPbIX co3gaerca Gonbiuas
6romacca v 3HaUHTENbHO COKpallAaeTCA BpeMs
npebbiBaHUA CTOMHOH JKHAKOCTH, HeManosax-
Hoe 3Ha4YeHHe NpH 3ToM npHobBperaeT pa3BH-
THE Ka4yeCTBEHHOH H KONHYeCTBEHHOH TEOpHH

USER-FRIENDLY COMPUTER PROGRAM
«METHANE 2.2» AS A TOOL FOR STUDY AND
MONITORING OF SLUDGE AND WASTE
WATER ANAEROBIC DIGESTION
L ]

V.A. Vavilin, Dr.5ci.,

V. B, Vasiliev, FH.D.

5. V.Rytov

Water Froblems Institute of Russian
Academy of Sciences.

Moscow

An universal basic model and a computer
program of anaerobic digestion of complex
organic matter is suggested. The model can-~
be used for optimization of biogas production
and monitoring of sludge and waste water
anaerobic digestion. It was able to provide a
good comparison with experimental data exa-
mined,

INTRODUCTION

The anaerobic digestion process stabilizes
a wide variety of organic matter and simultane-
ously produces methane from them. It has been
used for the treatment of sewage sludge,
industrial and agricultural wastes. Many envi-
ronmental pollution problems can be avoided
at the result. About 40 min. tons of municipal
solid waste and more than 1.5 mird. tons of
manure are produced in the former Soviet
Union States (Horbatuk et al., 1989; Kovalev and
Nozhevnikova, 1990). About 25,000 tons of
sludge are produced in the municipal waste
water treatment plants of Moscow.

It should be noted that until now the
anaerobic digesters are used is not often in
Russia. The main reason of that it is a non-
qualified personal of waste water treatment
plants. The high-rate anaerobic digesters which
have a large biomass and short hydraulic
retention time are applied in the industrial
countries. The development and application of
mathematical models is a very useful tool for
improving the anaerobic digestion process.
Modeling study are important because the
experiments on anaerobic process are very
lengthy, labor intensive and expensive.
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aHaspobHoro npouecca. Co3gaHHble Ha €€ Oc-
HOBE€ HMHTALHOHHbIE MOAENH MOTYT 3HauH-
TeNbHO COKPAaTHTb H YCKOPHTb TMNpOBEAEHHE
AOPOTOCTOAILHX 3KCIEPHMEHTOB.

(labopaToOpHA MOASAHPOBAHHA BOAHBIX 3KO-
NOTH4eCKHX npoueccoB HHCTHTYTA BOAHBIX NPo-
6nem PAH nMeeT MHOTONETHHH ONbIT paboTsl No
CO34AaHHI0 COBpPEMEHHbIX HMHTALHOHHBIX MO/e-
el pa3noKeHHA OpraHM4ecKoro BelIeCTBa
coodlierTBOM MHKpoopraHuimos (BaBvanH H
ap.. 1993). K HacroslleMy BpeMeHH co3daHa
HOBaA BepPCHA AHANOTNOBOH KOMIMbIOTEPHOH
MpOrpaMMbl aHAIPOOHOTo pa3noKeHHa opratHu-
YyeCKHX 3arpasHeHHn «METAH 2.2» (BacHabeB H
ap., 1993; Vavilin et al., 1994).

OCHOBHDbIE XAPAKTEPHCTHKHN MOAE(H

. PaccMaTpHBalOTCA OCHOBHbIE CTAAHH aHa-
3pobHOTO nponecca: THAPOAU3, alUHAOreHe3 H
MeTaHorexes (puc.l). [IpH 3TOM YYHTbIBAIOTCH
npoleccol pocra, OTMHPAHHA H  adanTauHH
PA3NHYHBIX 'PYNMN MHKPOOPraHH3MoB.

2. MpeaycmoTpetibl TPH BEPCHH MHAPOMH3a,
BKAKYAA NPOCTEHILY Moaeab 1-ro nopaaka.

3. OpraHH'ecKoe BelEeCTBO B paCTBOPEHHOH
H B3BelIeHHON (opMe 3a4aeTCA B BHAE CMeCH
0eaKoB, KHPOB H yrneBoAoOB (pHC.2), HMEl-
UWHX  onpeaeneHHblH nNpeaen cOpaxHBaHHA.
BKaoyeH nm3snc M THAPONn3  OTMHpaiolleH
KAETOUHOH BHOMACCHI.

4, CropocTH TpaHcgopMaUHH OCHOBHbIX (H-
MHTHPYIOILIHX CyOCTpaToB paccMaTpHBAIOTCA B
BHAE [poH3BeaeHHA @yHKUHK cybcTpaTHoro
ANMHTHPOBAHHA H HMHrUOHpOBAHHA, a TaKxe
TeMNepaTypPHOH 3ABUCHMOCTH (PHC. 3), Y1HTbIBA-
€TCH HHrHOHpylolllee BAHAHHE MapUHAIbHOTrO
aaBneHna Boaopoaa, pH, KoHueHTpaunH He-
HOHH3HPOBAHHBIX MOEKY AMMOHHA, CEPOBO/O-
poga n nponvoHata. [IpH 3ToM B KauecTee
NPONHOHaTa pacCMATPHBAETCA BECh CIEKTp
HKHPHBIX OPraHHYeCKHX KHCAOT, OTAHYHbIX OT
auerara. '

5. Pacuer pH ocywecrBaserca, "y4HTbIBaA
ocHoBHble OydepHble cnctembl. BydepHaa em-
KOCTb Cpe/ibl MOKeT OUEHHBATbCA MO KapboHat-
HOH 11eNOoYHOCTH. 3HaveHHe pH MokeTr 6bITh
3aHKCHPOBaHO.

6. [IpOTOMHOCTb KHAKOCTH H OHOMACCHI
paccMaTpHBalOTCA HE3aBHCHMO, YTO MO3BONAET
paccqHTbIBaTh BbICOKOI(PPEKTHBHbIE pPEAKTO-
pbl HOBOTO MOKOEHHA. a

Simulation models of organic matter degra-
dation are developing in Water Problems
Institute of Russian Academy of Sciences during
many years (Vavilin et al., 1993). In this paper
the results of applications f new version
«METHANE 2.2» model is presented (Vasiliev et
al., 1993; Vavilin et al.,1994),

«METHANE» MODEL FEATURLS:

1. Hydrolysis, acidigenesis and methano-
genesis are included (Fig.1). Rate of changes
in the biomass concentrations takes into
account bacterial growth, death and mutual
transformations.

2. Three versions of hydrolysis kinetics are
considered including the simplest first-order
Kinetics.

3. Dissolved and particulate organic matter
is supposed to be a mixture of carbohydrates,
proteins and lipids which have the limits of
fermentation. Lysis and hydrolysis of cell bio-
mass are taken into account (Fig.2).

4. The rate of the main limiting substrate
transformation by bacteria groups is presen-
ted as a product of substrate limitation and
inhibition functions and temperature depend-
ence. Inhibition effects of the molecular hy-
drogen pressure, pH, concentration of non-
ionized molecules of ammonia, hydrogen sul-
fide and propionate are considered (Fig.3). It is
supposed that propionate presents the whole
spectrum of volatile fatty acids others than
acetate.

5. Physico-chemical reaction system of pH
level with ammonia, hydrogen sulfide, carbonic
and volatile fatty acids buffer systems is
considered. The buffer capacity of the system
can be evaluated using a bicarbonate alkali-
nity. The pH level can be fixed.
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7. AHA(H3HPYIOTCA NEPHOANYECKHH H Mpo-
TOYHBIF PpeakTopbl, HCMOAb3yA MeToAbl NpHOAK-
MEeHHOr0 HHTErpHPOBAHHA 1-T0 N 2-ro nopaa-
Ka. [loab3oBaTenb MOMET H3MEHHTh TOUHOCTb
nHTerpupBadna AndepeHuranbHbIX ypaBHe-
HHuA. [1aA NpoBepKH TOYHOCTH NpeayCcMOTpeH
pacyer GanaHca yraepoaa B cHcTeMme.

8. flnA CTauHOHAPHOIO COCTOAHHWA MPOTOM-
HOTO peaKkTopa Nonb3oBaTeNb MOKET NMpoaHanH-
3HPOBaTh 3aBHCHMOCTL [MEPEMEHHBIX CHCTEMbI
OT TaKHX MapaMeTpoB KaK BO3pacT Hna, Bpe-
MA NpeObIBAHUA CTOYHOH KHAKOCTH, TeMnepa-
Typa #H Ap.

9. Mogenb peanH3oBaHa B BHAE AHANOTOBOH
KOMIBIOTEPHOH MPOrpaMMbl C ApPYKeCTBEHHbIM
nHTepdericom aaa IBM FC AT. INoab3oBarenb 3a
MHHYTY MalUHHHOMO BPEeMEeHH MOMKET MOoay4HT
[AIHHAMHYeCKoe MoBeaeHHe aHa’pobHON CHCTe-
Mbl, KOTOpO€ B peanbHbiX YCNOBHAX MPOTEKaeT
AECATKH H COTHH AHEH.

10. MNpeaycmoTpeHa npoleaypa YCKOpeH-
HOH BH3yarlbHOH KanHOPOBKH MogenH H ee
npoBepky. KoMMnbloTepHAA MporpaMMa BKAlO-
yaeT 6nbaHoTeKy 00paboTaHHbIX dKCHEPHMEH-
TanbHBIX AAHHBIX C PA3(HYHbLIMA CTOYHbBIMH
BOAAMH H COOTBETCTBYIOWHE 3HAYEHHA KOH-
CTaHT H NapameTpoB.

11. Bce TeKkywHe 3Ha4YeHHA NepeMeHHbIX
MOryT ObITb BbiBedeHbl Ha 3KpaH B TEKCTOBOH
¢opme K pacnevaraHbl (pHc.4), 4To nomoraer
npoaHanH3HpoBaTb BKAAd TeX HAKW HHbIX NPO-
eCccoB, B 4aCTHOCTH pasann4Hbix OydepHbix
CHCTeM B nogaepKaHnu pH u uHrubupyiowero
BHAHHA Pa3IHYHbIX KOMIMOHEHTOB.

12. B npoﬁpamme «METAH» coagepxnrca
noapobHaa «[TOMOLLb, B TeKCTOBOK H rpadH-
4Yeckon ¢opMe, KoTopada Mo3BoaAeT ObICTpo
OCBOHTb Mpoueaypy paboTbl ¢ MOAenbio.

MPUMEP MCITOMNb3OBAHHA MOAE/MH
«METAH 2:2» 4714 MOHHTOPHHTA
GYHKUHMOHNPOBAHNA
AHADPOBHbIX PEAKTOPOB

fAna 3¢pdeKTHBHOH paboTbl aHadpPOOHBIX
peaKkTopoB NpeAnoKeH MOHHTOPHHT 33 TAKHMH
nepeMeHHbIMH Kak pH, OydepHaa eMKOCTb,
CKOPOCTh BbiXO4a rasa H ero coctas, ¢ayopec-
ueHurA. bBygepHasa eMKocTh B aHaIpobHbIX pe-
aKToOpax B OCHOBHOM onpeaenserca 6ydepHor
cucremon H,CO,/HCO-,, naBas GnkapboHaTHylo
wenovHocTh ana pH = 5.75 (Jenkins et al.,

6.The flow-rate of biological solids through
the reactor is considered to be independent of
the flow-rate of bulk liquid phase. So, the mo-
del can be useful for analysis of high-rate
digesters performance.

7.Batch and continuous-flow reactors can be
analysed using the first and the second forward
integration method with variable time step. User
can change the integration accuracy. In contin-
uous-flow system the carbon balance is calcu-
lated for a checking of the integration accuracy.

8.The dependence of different model vari-
ables on the such parameters as SRT, HRT,
temperature can be analysed for the steady-
states of continuous-flow reactor.

9.The model was realized in a form of the
user-friendly computer program for IBM PC AT
and it allows the user for one minute of
computer time to see a complex dynamic
behaviour of anaerobic system during dozens
days.

10. The procedure of visual model calibra-
tion is developed. Computer program includes
the library of experimental data with different
organic wastes treated and corresponding
values of constants and parameters. The model
was able to provide a good comparison with
data examined.

11. The current values of all variables can
be displaced on the screen in the text form and
printed (Fig.4). Using these data it is easy to
analyse the input of corresponding processes
like the definite buffer systems for a keeping
of pH level

12. «METHANE 2.2+ contains the «HELP-
procedure for a description of the program
features in the text and in the graphic forms.

USING «METHANE 2.2» FOR ON-LINE
MONITORING OF ANAEROBIC DIGESTION

For anaerobic digesters, on-line monitoring
of pH, buffering capacity, gas production and
composition and fluorescence have been
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1983). MoHHTOpPHHT HBrKapboHaTHOH UIeN04HOC-
TH MOMKeT BbiTb aPeKTHBHBIM criocobom npe-
aynpeXaeHua neperpy3kd cHcrembl (Hawkes
et al., 1994),

B ka4yecrBe nprMepa HCNONb3yeM Moaedb
METAH 2.2 anA onucahua naGopaTopHo#
aleTarHo/cynb(arHoy CHCTeMbl NPH BbICOKOH
Harpyske no cynbngaram.

CoobleCTBO AHAIPOOHBIX MHKPOOPraHH3-
MOB, ananTHPOBaHHbLIX K HHM3KOH CynbgharHoH
Harpyske Obino nayveHo lapkHHbIM # ap. (Par-
Kin et al., 1990} npu 3annoBoH neperpyske
cynbgaramu. Koraa BxoadAwas KOHLEHTpPaLHA
cyabdatos 6bida 1250 mr/a, aHaapobHoe Co0b-
HeCTBO MNpeKpalano CBoe€ CylleCTBOBaHHE.,
HmutaunonHas mogenb «METAH 2.2» xopollo
onHcana 3ToT ¢eHomer (pHC.3). [lpH 3TOM Me-
XaHH3M «CAoMar Obll CeayIoUHM,

[Ipy BbICOKOK KOHUEHTpaunH .3, koraa pH
NOHHKAETCA 10 HEKOTOPOro 3HAYEHHA, HACTY-
naeT NpAMoe HHruOHpoBaHHe MeTaH-NpoAyLHpY-
jownx (MPB) n cynbdar-peayunpylomnx dakre-

purt (SRB) sncapiMb 3Havyennamn pH. B 3T0

ppeMA poct MPB 1 SRB 3HaunTenbHO CHHXa-
€TCA, IOCKOMbKY BO3HHKAET MNON0KHTENbHAA
obpaTHan CBA3b Mexa4y KOHUEeHTpalHeH aue-
Tata H cyahdara H 3Ha4YeHHAMH pH 4epe3 ak-
THBHOCTb MHKpOOPraH1sMoBs. [1pH HH3KnX pH =
4.8 mertaboanam auetata v cynngara MPB u
SRB MoAHOCTbLIO NpeKpallaeTcA, 1 MX KOHLUEH-
TpauMA YyMeHblIAETCA H3-3a pa3sbaBNeHHA W
aBTONM3a. B pesynbrare «cnoma» aHas3poOHOM
CHCTeMbl KoHueHTpauna MPB 1 SRB crpemurca
K 0. B TO Xe BpeMA KOHUEHTpalHH aleTara H
cynbpaTa B peakTope CTPEMATCA K CBOMM
KOHLUEHTpAUHAM Ha BXo/le CHCTeMbl. B uedom,
noporosaf KoHueHTpauuwa H, S wurpaer porb
TPHITEPA, 3anyCKawlero NnonoxXHTenbHylo ob-
paTHy0 CBA3b, YKA3aHHYIO Bblllle,

AHaNH3HpyA ANMHAMHKY OGHKapOoHaTHOH Lie-
AOYMHOCTH, BHAHO, YTO MNpH t = 34 AHA ee
3HaYeHHe Ha4YHHAET Pe3KO yMeHbIIATbCH Ao 0,
koraa pH = 5.75. Monusns obllee AasBneHHe
cucrembl 40 P = 0,65 aT™M., MOKHO H30eKaThb
caoMa aHaspobHOH cHCTeMbl (pHC.6).

BbiBOAbI

HMuTayHonHaa moaens «<METAH 2.2» ABnAaer-
¢ 3(pPEKTHBHLIM HHCTPYMEHTOM H3YUeHHA H
npaKkTHYeCKOH peanH3aluHH aHaspoOHbIX MNpo-
LUeCCOB Pa3NoMeHNA CIOKHBIX OpPraHHMYyecKHX
3arpA3HeHn.

suggested. Buffering capacity in digesters is
mainly determined by H, CO,/HCO-, buffer
system giving bicarbonate alkalinity for pH=
5.75 (Jenkins et al., 1983). Monitoring of
bicarbonate alkalinity can be an effective tool
for early warning of overloading (Hawkes et
al.,1994).

As an example let us use «METHANE 2.2~
model for a description of laboratory acetate/
sulfate system under the large influent sul-
fate loading.

A system of anaerobic microorganisms
adapted to low sulfate loads was subjected
to a step increase in sulfate concentration.
When the input sulfate concentration increased
from 200 mgS/l to 625 mgS/l the system did
not fail, but under the input sulfate concen-
tration of 1,250 mgS/l the high hydrogen sul-
fide concentration inhibited methanogenic orga-
nisms. The model was able to provide a good
comparison with experimental data (Fig.5).

The failure mechanism is following. At the
highest H2S concentration when the pH level
decreases to some value the direct inhibi-
tion effect of methane producing, MPB, and sul-
fate-reducing bacteria, SRB, by low pH values
occurs. At this time, the growth rate of MPB and
SRB decrease dramatically because of the
positive feed-back loop arises between the
acetate and sulfate concentrations and a the
pH level through microorganisms activity. At
the low pH=4.8 MPB and SRB stop the acetate
and sulfate metabolism completely and their
numbers decrease because of dilution by
inflowing feed and autolysis. After the system
failure, the microorganism quantity comes to
zero. Acetate, sulfate and sulfides concentra-
tions as well as the pH value become equal to
the corresponding influent values.

The threshold H,S concentrations plays the
role of a trigger stimulating the positive feed-
back loop mentioned above. This loop causes
overall process failure.

At t=34 days the alkalinity value begins to
decrease dramatically to zero where the pH=
5.75. A lowering of = *otal gas pressure to P=
0.65 bar it is possible to recover the system
(Fig.6).
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MOAPMCYHOYHbBIE NOANHCH

Puc.1. CoobiecTtBo MHKPOOPraHH3MOB aHa-
3pobHoro peakropa.

Prnc.2. dopmirpoBaHHe B3BewleHHbIX H pacT-
BOPEHHbIX KOMIIOHEHTOB B Ha’pobHOM peak-
TOpE,

Puc.3. KayecrseHHaA 3aBHCHMOCTb HEKOTO-
PbiX NapaMeTpoB Ha CKOPOCTb TpaHCOpMaLIHH
AMMHTHpYloLWero cybcTparta.

Puc.4. MHdopMauHa Ha ancnnee B TeKCTO-
BOH dopMe NpH gaBaedHHHn 3 aTM. H CTyNeHYa-
TOM yBeNHYEHHH BXOAAlleH KOHUeHTpallHH
aMMHaka ¢ 2500 mrN/a oo 600 mrN/n.

Pnc.5, CnoM cucTeMbl NpH  CTYNEHYATOM
yBEAHUEHHH BXOAALleH KOHUEHTpaUKNH cynbda-
ToB ¢ 200 mrS/a ao 1250 mrS/n u obiuem
aapaoennn | atm.

Puc.6. /lnHamuka OuKapboHaTHOH LWeno4-
HOCTH H BOCCTAHOB/IEHHE ALETATHO-Cynbgat-
HOH CHCTEMbl MpH MOHHAKEHHH obwero aasne-
HHA Ao 0.65 atm. '

FIGURE CAPTIONS

Fig.1. Microbial ecology of the anaerobic
digestion process.

Fig.2. Ways of formation of suspended and
dissolved components in the anaerobic system.

Fig.3. Quality effects of some parameters on
limiting substrate transformation rate.

Fig.4. Computer information in the text form
under 3 bar pressure and at the step-wise
changing of an influent ammonia concentration
from 2,500 mgN/l to 6,000 mgN/I.

Fig.5. System failure after the step-wise
increase of the influent sulfate concentration
from 200 mgS/! to 1,250 mgS/l and with a total
gas pressure of 1bar.

Fig.6. Dynamics of a bicarbonate alkalinity
and acetate/sulfate system recovery at a
lowering of a total gas pressure to 0.65 bar.
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Fig4.
COTINUOUS FLOW EXPERIMENT

Reactor volume = 1.000 | Temperature = 55°C

pH="7.60
Feed flow rate is constant

Jolids retention time = Hydraulic retention time

Current time = 120.0 days

Feed flow rate = 0.067 1/d Hydraulic retention time = 14.93 days:

MIXED LIQUOR COMPONENTS CONCENTRATION PARAMETERS OF GASEOUS PHASE

Total 93 46620.70 38433.09 mg/l ' Partial Specific  Volume

Volatile S8 30600.70 22413.00 mg/l pressure  flowrate releated

Acidogenic A 0.10 1711.47 mg/l bar /(1 day) 1

Acidogenic P 0.10 80.77 mg/l CHy 2237149  0.23 28.0

Methanogens A 0.10 1206.72 mg/t COy 0636085  0.06 7.8

Syntrophs 0.10 149.60 mg/l HyS3 0.000453 0.00 0.0

Sulf.-red. A 0.10 0.35 mg/l NH; 0005740  0.00 0.1

Sulf -red P 0.10 0.84 mgfl Hy0 0.120553 0.01 1.5

Methanogens H 0.10 36.28 my/l Hqy 0.000019 0.00 0.0

Degradable S8 19300.00 7926.98 mg/l Inert 0.000000 0.00 0.0

Nondegrad 33 11300.00 11300.09 mgfl Total  3.000000 0.30 375

Mineral 88 16020.00 16020.09 mgfl

Dissolved O3 5400.00 22.60 mg/l

Acetate 43500.00 142.16 mg/l ORGANIC MATTER COMPOSITION

Propionate 2500.00 100.50 mg/l

Sulfate 20.00 8,62 mg-/t

Carbonate 50.00 15868.67 mg/l Proteins 1%
© Sulfide 0.10 9.01 mg-81 Lipids 1%

Amn. Nitrogen 6000.00 5760.07 mg-N/1 Carbohydrates 98 %

Phosphorus 555.00 555.00 mg-PA1 Other 0%

Had ‘ 0.00 0.86 mg-9/1

NH3 2882.3% 731.74 mg-N/1 CARBON BALANCE

Pr.Non.Ionized 0.05 0.14 mg/l

HCOq" 49.95 15000.54 mg/l Influent 105.72 mgCN

Alkalinity 14096.22 15619.05 mgHCO4 / Effluent 106.33 mgCA
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INECKOIOBKH 411 KOMMYHA(IbHbIX
OYHCTHBIX COOPYKEHHA CTOYHBIX BOA
S

KoHCTpyKUMH M Criocof akcnayarauuy Ha
npumepax 6eparHCKMX OYHCTHBIX CTaHLMA.

YpaneHHe necka KW APYrMX MHHepanbHbIX
YACTHL| ABAAETCA CYIECTBEHHOH MNpenocchisl-
KOA HOpPMabHOM 3KchdyarallHH O4YHCTHOrO
COOpYyXeHHA CTOuYHBIX BoA. Hecobmopenne
3TOro0 TpeGoBaHHA NPHBOAMT K HapylieHHAM B
NOCeAYIOIIHX CTYMIEHAX OYHCTKH BCAedCTBHE
OT02KEHHUA HAHOCOB H 3aKylOpOBKH, & TO H
npexaeBpeMeHHOMY H3HOCY TPyGOnpoBOAOB H.
HacocHoro obopyaosaHusa. B paGore paccmar-
pHBaIOTCH pasan4yHble KOHCTPYKLIMH HMelo-
upxcAd oOpasuoB NecKOynaBAnBalOWKMX YyCT-
POACTBB M NMPOBOAHTCA HX OLIEHKa.

TakKe pacCMarpHBalOTCA  BO3MOMHOCTH
yMeHbllleHHsi KOH4YeCcTBa IMecka B CTOYHOH
Bode, Kak H npedcTasaeHbl pasanyHble oO4H-
CTHUTEIbHblEe T€XHOOTHH AaA yaaleHHA BbIIOB-
(IeHHOI'O TecKa H3 TEeCKOI0BOK.

B 3akawoueHHe paccmarpbiBalOTCA YCTaHOB-
KH (A IIMPOKOMAacCIUTaOHOrO ydaneHHA MNecka
H3 CTOYHbIX BOJ M MOKasaHbl BO3MOMKHOCTH
BbIIOB/IMBAHUA OCTATOYHBIX BeleCTB C WHPO-
KOM MX yTHAH3ALHeRn, A

B LeaoM mpeaaomeHrible KOHCTPYKLHH MO-
IyT crnocobCTBOBaTh ONTHMH3ALIMHM HMEIOLMNX-
CA YCTAHOBOK HAH flaBaTh pEeKOMeHAauHH NpH
CTPOHTENbCTBE HOBIX MECKOIOBOK C Y4eToM
MeCTHBIX YCAOBHH.

BapHoB
MI%I maxeHep (lepmanus)

SAND TRAPS FOR DOMESTIC SEWAGE
WATER TREATMENT PLANTS

Consructions and operation practice of
sewage water treatment plants in Berlin.

Removal of sand and other mineral depos-
its from sewage water is an essential precon-
dition for normal operation of the treatment
plants. Ignorance of this can bring to opera-
tion breakdowns at the further stages of sew-
age water treatment due to silt sedimentation
and plugging of pipelines and pumping aggre-
gates or even their premmature wear. Dif-
ferent constructions of sand traps are consi-
dered and estimated in the paper. Also ways
are shown how to decrease the sand volume
in sewage water and how to remove the
trapped sand from the plants.

In conclusion plants of extensive sand re-
moval and posibilities of trapping insoluble
residues and their utilization on a large scale
are discussed.

In the whole the provided constructions of
sand traps can help to optimize existing
plants and serve as recommendations when
planning construction of new plants with re-
gard of the local conditions.

Warnov
D-pl Ing. (Germ.)
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'SEWAGE SEPARATION MODULUS RIG

Vysotsky L.I ljjasov G.A.
(Dr.Sc.,prof) (K.Sc.)
Saratov technical university

The article described construction and pa-
rameters of sewage separation modulus rig,
which was designed by scientists of Saratov
technical university.

The sewage rig undergoes an industrial test
successfully.

The sewage separation modulus rig is de-
signed for separating sewage from live-stock,
poultry farms and complexes into solid and
liquid phases. A new problem of sewage
disposal and utilisation of final products as
valuable fertilizers has been solved qualita-
tively. Such solution prevents contamination
of environment and also allows to reduce the
threat of ground and surface water con-
tamination by water soluble organic sub-
stances, ammoniumic nitrogen and phospho-
rus. The main equipment of the shop can be
used for separating sewage of industrial en-
terprises for the pourpose of secondary using

of educts and creation of water using sistems
without sewers at enterprises.

The equipment of the shop consists of
succesively installed and technologically
connected one with another arrangements:
trap 4, condenser (fietering hydrocyclone) 5,
centrifuge 7.

The trap represents a vertical cylindrical
apparatus with two elliptic bottoms. Inside the
apparatus along its centre there is a cy-
lindrical fire-grate with grooves 10 mm wide,
which pintles of cylindrical rack having the
possibility of alternative motion enter.

Manometers installed on the popelines
point out the necessity of trap cleaning. The
trap is periodically being cleaned from outside
educts by means of slide-valve, located on
the carbine of lower bottom. The trap is
made of carbon steel.

An inertial centrifugal condenser represents
a vertical cylindrical body where there is a
cylindrical filtering sieve with a groove
0.4+0.1 mm wide.

The body of condenser is made of carbon
steel, filtering sieve - of steel 12X17, nozzle -
12XI8HIOT.

AN
4 '5"’“"-L.
6
7
{f 2 3 8

ONO. ®

B

FIG Technological scheme of sewage separation into solid and
liquid fractions:
1 - grid; 2 - sewage receiver; 3 - faecal pump; 4 - trap; 5 - condenser; 6 - pipeline; 7 -
filtering centrifuge;8 - aeroseparator; 9 - pipeline; 10 - horisontal conveyer; 11 -inclined

conveyer; 12 - collapsible reservoir.

The principal merits of a given apparatus
are as follows: absence of moving parts,
small sizes of condenser, high efficiency of
suspension detention, great productivity.

A centrifuge - a filtering vertical inertial
centrifuge with a blade rotor the diameter of
which is 710 mm. In this respect there are
12 blades with a filtering sieve, the groove of
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which is 0.4+0.1 mm wide. The -electric
motor with a capacity of 40 kw rotates the
rotor by means of centrifugal pulleymuff, fixed
on the shaft of electric motor and wedge-belt
drive to the pulley of rotor shaft.

Assemblies and details of the blade rotor
of the centrifuge adjoining in the process of
work the processing material are made of
steel. The main material of centrifuge body is
carbon steel.

The simplicity of centrifuge structure pro-
vides its high reliability in work.

TECHNOLOGICAL PROCESS of sewage
separation modulus rig. Manure with humidity
of 94-98% removed from housing by hy-
drowashout enter the sewage receiver 2 from
the collapsible collector through the grid 1
with grooves 16-20 mm wide. By faecal pump
3 sewage under pressure of 0,3 MPa is given
to the trap in which separation of solid
particles, the size of which is more 10 mm.
takes place.

From the trap swage enters the condenser
through the tangential branch pipe with speed of
10-30 m/s. 75-80% of liquid phase is extracted
from sewage on the filtering sieve of condenser.

Sewage condensedto the humidity of 89-
92% is additionally separated into solid and
liquid phases in the continuously operating
centrifuge 7, the rotor of which is supplied
with 12 filtering blades.

TABL Technical characteristic

2

Condensed sewage is dehydrated to hu-
midity of 65-70% on the centrifuge and then
sediment under the action of gravity is thrown
down on the moving horisontal worming
conveyer 10 which feeds it to the inclined
conveyer 11 and then to the bunker
accumulator or means of transport.

Liquid phase separated by the centrifuge is
greatly aerated therefore on its outlet from
the centrifuge there is a aeroseparator of
centrifugal type. After the aeroseparator liquid
phase is drained by gravity along the pipeline
9 to the collapsible reservoir 12. Liquid phase
from condenser enters the same reservoir
along the pipeline 6.

After disinfection the liquid part of sewage
is repeatedly used during hydrowash-out or as
fertilizers.

The solid part of sewage is carried by
mobile transport to the processing and storing
grounds and then it is used for fertilisation of
fields. After the centrifuge one receives the
solid part of sewage, humidity of which is 65-
70%. Such humidity is the most favourable
for biothermal processing of manure providing
its rendering harmless. In addition during
carrying by mobile transport manure doesn't
educe unnecessary free moisture and it
doesn't worsen sanitary situation in the region
of livestock and poultry complexes.

Shop productivity along initial sewage modulus rig ,m</h 50100
Humidity of initial sewage , % 9498
Humidity of dehydrated sediment , % 65j70
Effictiency of purification , % 60j65

Sizes of the main equipment, mm(length x width x height)

Centrifuge -2160x1695x1920
Condenser 1062x900x1632
Trap 812x712x1865-2135
Mass of installation, kg

Centrifuge 2020
Condenser 273

Trap 325
Working temperature,C 0j20

For the maintenance of 4 installations an ope-
rator is required (the number of mounted instal-
lations in farmes dependes on the volume of se-
wage entering from complexes of these farmes).

Technical elaboration has been defended by
authors licenses. Application of the latest elabo-
rations essentialy increases productivity of the

main equipment and purification efficiency and
also expands the field of its application in other
branches of industry chemical, food, communal
economy provided there are apropriate construc-
tions of the main equipment. Modulus rig may
be produced in mobile variant for periodical
farmes and cooperative farmes.
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KOMITTIEKCHAA TEXHOMOTHA OYHCTKH

CTOYHbBIX BOA TEKCTH(bHbLIX
NPEANPHUATHA C YTUN3AUWEN H3B(IEKAE-
MbIX KOMIIOHEHTOB

- |
ABtop: Boporos 10.B., AOKTOD TEXHHYECKHX
HayK, fnpogeccop;

CmupHOB B.A., KaHaMAAaT TEXHHYECKHX HayK,
AOLEHT;

bepmar O.H., HHXeHep;

Cynexnmar C.A., HHXEHED.

(MockoBckHA 0CYAapCTBEHHbIH

CTpoHTEIbHbIH YHHBEPCHTET)

CTo4yHble BOAbI NPEANPHATHH TEKCTHABHOM
MPOMBILL(IEHHOCTH OTANHAIOTCA GOMbWHM pa3-
HoobpasveM cocraBa. Hawnboaee szarpasHed-
HbIMH ABAIOTCA CTOYHbIE BO/Ibl CYKOHHBIX H
TOHKO-CYKOHHbIX abpHK, B HMX cogepKarcs
KpacHTeay, MOIOHIME CpedCTBa, BOMOKHA,
He@dTernpoaykTbl, KHCAOTbI, LLENOYH, CO(TH
TAMENbIX MeTamIoB W Ap. CroyHble BOAbI
OT(IMYAIOTCA  3HAYHTENbHbIMH  KoaeOGaHHAMH
KaKk [0 pacxodaMm, Tak W 110 CaHHTapHO-
XHMHYECKHM ' noKasaTeadAM; OHH HHTEHCHBHO

OKpallleHbl, 061afaloT  BHICOKOH  NeHo0b-
pasylolen  CrnocoBGHOCTbIO M, Kak TpaBHAo,
arpeccHBHbI.

Mpu peuledny 3agadn OMHCTKH CTOYHbIX
BOA  KpaCHAbHO-OTAEMOYHOH TOHKO-CYKOHHOH
¢dabpukn  6bl1  NpoaHaNM3MPOBaH — COCTaB
CTOMHBIX BOA HE TOMbKO OT LEXOB, HO M OT
OTAeNbHBLIX annapatoB W TeXHOIOTMYECKHX
. ofepaunfl, AHanW3 TMoKasarened  COCTaBa
CTOMHBIX BOA H AHHAMHKH HX H3MEHeHHH
No3BOAXA HaMeTHTb W  pelluTb cieayloiye
3agaqn:
pa3geneHHe BOAHBIX TMOTOKOB MO LEXaM H
TeXHOIOTHYECKHM npoueccam, obe
CMeYyHBaloWNM  BO3MOMHOCTb  [MOBTOPHOrO
MCNonb3oBaHWA OTpaboTaBlMX Bog B 0Obe-
Me 30-50% oblero nx KoaM4ecTsa;
pa3paboTKH  TeXHOMOrHH  MexaHH4eCKOH,
XHMHYEeCKOH H (PH3NKO-XHMHYECKON OYHC-
TKH  BbICOKOKOHUEHTPHPOBAHHbIX CTOYHBIX
BoaobecneynBaloWMX HopmaTHBbl cbpoca B
rOpoACKYI0 BOAOOTBOAALIYIO CETb;
pa3paboTKH TEeXHOMIOrHA rayboKon OYMCTKH
CTOYHBIX BOA C UEIblo [MOBTOPHOIO HX
MCNONb30BaHHA;  pa3paboTKH  TeXHOAOrnH
YTHM3AUNKY N3B(IEKaeMbiXx M3 CTOYHBIX BOA
KOMrioHeHToB,  GAOTOKoHAeHCaTa, ocadka
AR TIPON3BOACTBA CTPOWTENbHBIX Marepu-
arnoB U N34envH.

COMPLEX TREATMENT TECHNOLOGY OF
TEXTILE INDUSTRY WASTE
WATER WITH UTILISATION OF REMOVED
CONSTITUENTS

Authors: Voronov J.V. Doctor of sciences,
full professor.

Smimov V.A. Fh. D. associate professor.
Berman O.N. engineer.

Sooleyman S.A. engineer.

(Moscow State Universily of Civil Engineer-

ing)

Waste waters of textile industry are
characterized by wide varie}y of constituents.
The most polluted sewage is formed in
the productions of woolen and thin woolen
cloths and it contains dyes, detergents,
fibers, hydrocarbons, asids, bases, heavy
metallssalts ets.

This industrial
range of fluctuations
sanitary and chemical
tensive coloring and high foming capacity
and, as a rule, corroding qualities Tackling
the waste water treatment problems of
this production has necessitated sampling
of sewage grom the factory as a hole,
from every production shop and from each
particular kind of equipment as well as
from each technological process.

has wide
in volume and in
characteristics, in-

waste water

Analitical result of samples and the stady
of fluctuations in waste water content
permitted to resolve the following tasks: to
divide waste water from shops and
techological operations in flows so as to re-
use up to 30-50% of its voleme:

to work out technologies of preliminery,
chemical and physico-chemical treatment of
highly concentrated waste water to the
level permitting its dicharge in the munici-
pal sewage system;

to work out technology of tertiary treatment
eusuring the rense of effluent in water sup-
plying system;

to elaborate technology of utilisation of
removed waste water constituents such as
flotated scum and sludges for building ma-
terials production.
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Bce ucciegoBaHnA NpoBOANANCH Henocpea:
crBeHHo Ha (Gabpuke B aabopaTopHbIX,
NOAYNPOH3BOACTBEHHbIX M TPOM3BOACTBEHHBIX
ycaosuax. PaszpaboraHa KOMNAeKCHAA TexX-
HOMOrMA  OYHCTKH  CTOYHbIX BOA  TOHKO-
CYKOHHOH KpaCHAbHO-0TAeA04HOH (abpnkn ¢
YacTH4YHbIM ~ NOBTOPHbIM  HMCNOAb30BaHNEM
OTpaboTaBWHNX H  OYHILEHHbIX CTOYHbIX BOA
H YTHOM3AlHER H3BIEKAeMbIX KOMIIOHEHTOB.
Moay4veHbl pacyeTHble NapaMeTpbl AdA npoe-
KTHPOBAHWA  OYMCTHBIX  COOpyKeHHH U
OnbITHble OOpaslbl  CTPOHTENbHBIX H3ACITHH
Ha OCHOBe H3BeKaeMblX H3 CTOYHBIX BOA
BOMOKHUCTBIX  BELUECTB, (IOTOKOHAEHCATA,

ocaaka., TeM caMbiM  pelleHbl  BONPOCHI
yMeHblleHns MnotpebaeHns BOAbl B [POH3-
BoACTBE, yMeHbuleHnA cbpoca MpoH3BOA-
CTBeHHbIX  CTOYHbIX BOJA B  COPOACKYIO

BOAOOTBOAALLYIO CeTb M YIydlleHHA MeCTHOMH

IKOMOTHYECKOH OBCTAHOBKH, B AJOoRAaqe
NpOBOAATCA OCHOBHbIE pe3yabTarbl NOMaynpo-
H3BOACTBEHHbIX HCIbITAHHA 1O AQKaabHON

OYHCTKe TPOM3BOACTBEHHBIX CTOYHbBIX BOA
KpacHAbHOrO H OTAENO4YHOr0 LEeXOB TOHKO-
CYKOHHON abpnKH, a TakKe pe3ynbTarbl
NPOH3BOACTBEHHbLIX HCMbITAHWA MO MNOBTOP-
HOMY HCIIOMb30BaHHI0 OTPabOTaBLUMX CTOYHBIX
BOA B TeXHONOTHYECKHX oOnepauxAx Kpaiie-
HHA WePCTAHOrO BOMOKHA W OTAeNKH TKa-
HeH. (laeTCA TeXHONOTHHeCKasa CXeMa OYHCTKH
NMPOH3BOACTBEHHBIX CTOYHbIX BOA (abpHKH C
pa3aefneHHeM BOAHBIX MOTOKOB. ONMHCLIBAIOTCA
TexXHOMOrHH  HU3TOTOBAEHHA  CTPOHMTEbHbIX
MaTepradoB W H34eNMA Ha OCHOBE KOMIMo-
HEHTOB, H3B/eKaeMblX H3 TMPOH3BOACTBEHHbIX
CTOYHBbIX Bofd. [IPUBOAATCA pe3ynnhTarbli Mexa-
HHYeCKHX, (H3MKO-XHMHYECKHX U CaHHTapHO-
rHrHeHHYeCcKHX UCIMbITaHHA NOay4eHHbIX
oépasuos.mpomenbnblx MatepHanos H H3ge-
a1 peKkoMmeHayeMaa o6aacTb WX NpHMe-
HeHHA.

All reseach was carried out directly at
the factory in laboratory, pilot-scale and full
plant-scale conditions. As a result a com-
plex technology of waste water treatment with
partial rense of effluent and utilisation of
removed waste constituents was elaborated-
for dyeing-polishing shops of thin woolen
cloths production. The nesessary data for
calculation and designing of treatment fa-
cilities were obtained and the samples of
building materials from fibrous debris, flo-
tated scum and sludgess were fabricated.

Thus, the problem of reducing water
requirements for production and of de-
creasing the volume of effluent dicharge
into municipal sewage network was solved as
well of a melioration of local ecological situa-
tion.

This report reflects the main results of
pilot-scale stadies of local treatment of in-
dustrial waste water of dyeing-polishing
shops of thin woolen cloths production
factories as well as the results of plant-scale
studies of reuse of waste water in the tech-
nology of dyeing of wool and of polishing
processes of woolen cloths production. FPro- -
posed design of waste water treatment en-
visages its separation in some flows. It giles
the description of building materials produc-
tion from the removed wastes.

The results of physical, chemical and sani-
tary examinations of received samples of
building materials are cited together with
the recomendations as to the domain of their
employment.
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TE3NCbI

Ha ocHoBe mnpoBEAEHHOIO KOMIKIEKCHOIO
HCCNeA0BaHMA MNIEKTPO-NOBEPXHOCTHBIX CBOFCTB
H arperaTHBHOH YCTOHYHBOCTH IHHPOKOTO pA-
A2 AHMCNEPCHA OKCHAOB H FHAPOKCHAOB NOKa-
3aHa KOppenALHA MeKay CTeneHbio HOHH3auHH
HOHOTEHHBbIX MOBEPXHOCTHLIX rpynn (q) B
TOuKe Hyaesoro 3apaaa (TH3) v arperaTHBHOH
YCTOHYHBOCTBIO AHCMepcHA B ycnoBuaX TH3.
MoareepaeHa runoresa o CBA3N MeXAY ...,
H MPOTAXKEHHOCTbIO IPaHHYHBIX CAOeB BOABI
Yy MNOBEPXHOCTH YacCTHlU, a C1eqoBaTenbHo,
M XapakTepoM arperauWH B YCAOBHAX, Oau3-
Kux K TH3. OTMevaloTcA 0COOEHHOCTH MpoTe-
KaHHA NMpoLEeCcCoB reTepoKoarynaLni B pasnny-
HbIX CHCTEMaX, a TaKkKe KoaryaduHH nog
aAencrsneMm [1AB W TeMneparypbl.

MpeanaraeTca MCMONb30OBATh BbIABAEHHbIE
33aKOHOMEPHOCTH /(1A ONTHMH3AaLKH MpoLec-
COB OMHCTKH NPUPOAHBLIX H CTOYHLIX BOA OT
 BbICOKOANCNEPCHBIX (PpPaKLHi  B3BELICHHbIX
JYacTHul.

ELECTROCHEMICAL PROPERTIES
OF DISPERSE SYSTEMS
_ AS A BASIS
OF AGGREGATIVE CONDITIONS SELECTIONS
AT SEWAGE PURIFICATION

Golikova E V., Fh.D. of Chemical Sciences,
loganson O.M.,

Chernoberezhskii Y. M.,

Professor of Chemical Sciences

ABSTRACT

On the basis of performed investigations
ofelectrochemical properties and aggregative
stability for thewide range of oxides and
hydroxides the correlation betweenionization
degree of ionogen surface groups (q ) in the
point ofzero charge (PZC) and aggregative
dispersion stability at PZC conditions is pre-
sented, The hypothesis of correlation of
correlation between q, .. and extent of water
boundary layers (BL) near particles surface
and, consequently, the aggregation behavior
in conditions close to PZC. The peculiarities
of heterocoagulation in various systems and
coagulation under exposure to surface active
agents (SAA) and temperature are pointed out.

The revealed regularities are suggested
to use for natural water and sewage purifica-
tion from fine disperse fractions of suspen-
ded particles.

MpH O4HCTKe ObITOBLIX H NMPOH3BOACTBEH-
HbIX CTOYHBIX BO/l, TAKXKE KaK H B npoueccax
BOAONOANOTOBKH BO3HHKAET Cepbe3Had npobie-
Ma BblAeneHHA B 0CAq0K BbICOKOAHCMEPCHbIX
YACTHI, 30M1€l H CycneHann. EcH B3BeLleHHble
YacTilbl 06pasylor HOHOCTABHAHAHPOBAHHYIO
AHCNEPCHYI0 CHCTEMY, TO pacdeT ¢aKTopoB
YCTOHYHBOCTH 3THX CHCTE€M TMPOHN3BOAHMTCA MO
KNacCH4YeCKOoH Teophn [eparvHa-(laHaay-dep-
pea-OBepbexa ([1/190). Oanako 6bI10 noka-
3aHO, H, B YAaCTHOCTH, B HalUHX paborax, 4To
ANA pAAA MHMHepanbHbiX, GHONOTHYECKHX H ApY-
FUX AWCNEPCHA MPHPOAHONO M TEXHHYECKOIO
NMPOHCXOXKAEHHA TNOo4 AEHCTBHEM IIE€KTPO-
IMTOB MOKeT NPOHCXOAHTb oOpaTHMaA arpera-

At purification of household and industrial
sewage and water preparing a serious problem
of fine disperse particles of soles and suspen-
sions precipitation arises. If suspended partic-
les form ionostabilizated disperse system,
the calculation of stability ratio for these
systems is performed in the framework of
Deriagin-Landay-Verwey-Overbeek classic theo-
ry (DLVO). But it was revealed, in particular in
our works, that for the range of mineral,
biological and other dispersions of nature
and industrial origin under exposure to elec-
trolyte reversible aggregation caused both
secondary and primary minima on energy
curves of particles interaction can take place.
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uuA, obycnoBaeHHad KaK NepBHYHbLIM, TaK H
BTOPHYHBIM MNOTEHUHANbHbIM MHHHMYMOM Ha
KPHBOA 5SHeprHH B3aHMOAEHCTBHA YaCTHL,
B nocaeftem cay4yae arperauHa 4acTHL, B
OCHOBHOM, ONpeAenAeTCA NOTEHUHANOM (3apA-
AOM) YacCTHL, HX pa3MepoM, KOHUEHTpaLHeH
H BaNeHTHOCTHIO 1EKTPONNTa H TAKKE MOMKeT
6bITh OMHCAHA ¢ No3HUMA TeophH A1PO.
HabniogacMaa HaMH AnA LHPOKOro paga
AMCnepcHA obparHmaa arperali B MepBHY-
HOM MHHKMyMe OOBACHAETCA BKAJOM CTPYK-
TYPHOH COCTaB(IAI0ILEN PACKIHHHBAIOLIENO AaB-
aeHHA, 06yCnOoBIeHHOH NepeKpbITHEM MPaHKYHbIX
croes Boabl {I'C) y noepxHocTH vacrvil. Ana
aucnepcua $i0,, ZrO,, npHpoAHOro anmasa
arperaTHBHas YCTOHYHBOCTb Oblna HaiaeHa
AaXe B YCTOBHAX H3031EKTPH4YE€CKONO COCTOA-

HHa (nan npy pH ,.). B aTOM caykae Bknaa.

MONOMHTENBHOA CTPYKTYPHOH COCTABAAIOLIEH,
NpenATCTBylolled CONMKEHHI0 YacTHL, OCO:
6eHHo BenHK. ECTECTBEHHO MPEANONOMHTD,
YTO CTPYKTYpa H cBorcTBa I'C AOAKHBI ABIATS-
ca (yHKUHEHA COCTOAHMA MOBEPXHOCTH, H,
cnenosareqbHo, BeNMYHHA W 3HAK CTPYKTYp-
HOHR cocTaBasiowen OyayT onpeaenATbCA MpH-
poaoH NOBEPXHOCTH AncnepcHoH ¢asbl. Tak
patee HaMH GbIN0 BbICKA3AHO NPeATONOMKeHNe
O B3aHMOCBA3H CTPYKTYPb! 06pa3ylolHXCA rpa-
HHYHBIX CNOEB H, COOTBETCTBEHHO, YCTOHYM-
BOCTH OKCHAHBIX AHCNEpCHbIX cHcreM B TH3,
¢ ¢yHKUHEA COCTOAHHA TOBEPXHOCTHBIX IHA-
POKCHABHBIX TPYNMN, CO 3HAYEHHEM BeHYHHbI
ApK = pK,, ~ pK,,. Xapakrepusyiollien cre-
neHb HOHH3ALMH MOBEPXHOCTHbIX MHAPOKCHb-
HbIX rpynn (-5-~0H) sa cuer peakuHH KHCIOTHO-
OCHOBHOTO B3aHMOAENCTBHA:
it

-SOH, & -SOH + H_'
it

-S0H & -850 + H_*

In the lattér case the particles aggregation is
mainly determined by potential (charge) and
size of particles, electrolyte concentration
and valence and also may be described in
the framework of DLVO.

The reverse agdregation observed in the
primary mimimum for the wide range of
dispersions can be explained from contribu-
tion of positive structural component of disjoi-
ning pressure arising due to water boundary
layers (BL) overlopping near particles surface.
The aggregative stability for dispersions of
8i0,, ZrO, and nature diamond was found
even in the case of isoelectric state (or at
pH_,,.). The contribution of positive structural
component preventing particles approaching
each other is particular large for this case.
It would appear reasonable that BL structure
and propetties are to be functions of surface
condition, and, consequently, the value and
sign of structural component will be determined
by nature of disperse phase surface. Previously
we assumed that there is a correlation between
structure of arising BL and, correspondingly,
oxide disperse systems stability in PZC and
function of surface hydroxyl groups state with
ApK =pK_, - pK,,, describing ionization degree
of hydroxyl groups (-5-OH) resulting from acid-
base interaction :

¢ i

-SOH,* !}_’

it

son & o H,’

-SOH + H*

TAB(IMUA 1. 3nauenua HIT, TH3, ApK, q, ,,, H HX CBA3D C ArperaTMBHOA YCTOAYHROCTHIO.

[AHcnepcHa H3 | TH3 | ApK Ycroirupocrs at PZC 9rna
8i0, 2.0 6.4 YCTOHYHBA 6.3 107
NpHPOAHbIH amMa3 | < 2 | < 2 6.0 YCTOFYHBa 103
Zro, 6.5 65| 6.4 YCTOM4YHBA 6.3107
raMma—AlQ(OH) 8.1 8.2 4.6 YCTOHYHBA 4.9-1073
Nb,0, 3.5 4.2 3.5 MeafeHHaA KoaryaauHa 1.7-1072
Tio, 5.6 5.6 3.0 MegleHHaA Koarynsuua 3.0-1072
Cr,0, 6.1 6.0 2.7 He ycTonuHpa 4,1-102
anb¢a-Te,0, 8.0 7.8 2.2 He yCTOH4YHMBA 6.9-102
anba-AlL0, 7.7 7.6 1.1 He YCTOHYHBa 0.18
anpdpa-FeO(OH) { 7.0 7.6 0.66 He YCTOHUHBa 0.24
L
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TABLE 1. The values of IEP, PZC, ApK,

q +TH3

and their relationship to the aggregative stability.

mineral dispersion IEP | PZC ApK stability at PZC s SO,
5i0,, 2.0 6.4 stable 6.3 107
natural diamond < 2 < 2 6.0 stable 10~
10, 6.5 | 65| 6.4 stable 6.310~
gamma-AlO(OH) 8.1 8.2 4.6 stable 4,910
Nb_0, 3.5 4.2 3.3 slow coagulation 1.7-102
TiO, 5.6 5.6 3.0 slow coagulation 3.0-102
Cr,0, 6.1 | 6.0 | 27 unstable 4.1-10-2
alpha-Fe 0, 8.0 7.8 2.2 unstable 6.9-1072
alpha-AL0 77 | 76| 1.1 unstable 0.18
alpha-FeO(OH) 7.0 7.6 0.66 unstable 0.24

C ueabid MPOBEPKH 3TOro npeanonoxe-
HHA Obido [poOBedeHO HcCneqoBaHHe arpe-
FaTHBHOH YCTOMYHBOCTH H IEKTPONOBEPXHO-
CTHbIX CBOHCTB IWHPOKOro PpAga OKCHAOB H
rHAPOKCHAOB (Tabnrua H pHC.1).

To prove this assumption the electrochem-

ical properties and aggregative stability for
the wide range of oxides,and hydroxides
were investigated (see Tablel and Figurel).

m
W= 20 9%
5 =
1
(
W= o
4y f
' f.4
2 7 } W 3
xr v &
2 1/ wa=1797
V7 7
‘2 o - A A
a
: " a O o wa4s
0 -~ - [ "
) T é W
7 s oe
1y l— ] I e 1 'Z-‘,ﬁ
P 2 J 4 5 &

PHC. 1. 3aBHCHMOCTD CTENEHH arperaluyy
4acTHL OKCHAOB (M) ot BpeMeHH B TH3

npy C,, = 10°M/n : I - FeO(OH);

2 - anbga-AL0,,Cr,0,; 5 - anbpa-Fe O,;
4 - TiO,; 5 - Nb,0_; 6 ~ SiO,, npupo-
AHbIK aaMas, Zro.;

W - axcnepumeHTanbHble QaKTopbl
YCTOHYHBOCTH.
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FIG. 1. The dependence of oxide
particles aggregation (m) on time at
coagulation in PZC

at C,., = 10°M/1: 1 - FeO(OH);

2 - alpha-ALO,, Cr,0,; 3 - alpha-Fe,0,;
4 - TiO,; 5 - Nb,0O,; 6 - Si0,, natural
diamond, ZrO,.

W — experimental stability ratio

of dispersion.



MeToa TNOTEHUMOMETPHHECKOTO THTPOBA-
HHA TOSBONHN HAATH yAeAbHble BeNH4HHbI
NOREPXHOCTHOIO 3APAAA OKCHAOR B BOAHBIX
pacTROPAX HHAWGDGEPEHTHBIX 3NEKTPONHTOB,
onpeaennts pH, ., BeNHYHHy pasHOCTH

ApK = pK,, ~ PK,,

H 3HAY€HHA AO0NH HOHH3AHPOBAHHBIX NOBEPXHO~
CTHbIX THAPOKCHAbHBIX rpynmn

B TH3 = q,(qpy,, = (2110 P%2)1)

0O4eBHAHO, YTO YeM 6onblue 3HaveHHe ApK, TeM
MeHbllle A0A1A HOHH3HPOBaHHbLIX MOBEPXHO-
CTHBIX THAPOKCHAbHbIX rpynn B TH3 H, Ha-
o0opoT, NMpH O4eHb ManblX (OTPHLIATENbHbIX)
3Ha4eHNAX 3TON BENHYHHbI

Qerna = Qs ® 0.5.

Metoa MHKpoanekTpodopesa HCMOAb3OBANCA
ANA orpeaeneHHA 3NeKTPOKHHETHYECKOro No-
TeHlHana 4YacTHL OKCHAOB B LUMPOKOH obna-
crH pH H KoHueHTpauun HHAH(GEPEHTHOro
3NeKTPOHTa, ONpeaeneHna 3HaueHHH H303NeK-
TpHUYECKHX Tovek (MIT). Meroa noto4HoH
yabTpaMHKPOCKONHH 6bin  MCnonb3oBaH ANA
nccneaoBaHHA  YCTOHYHBOCTH TOHKoAHCNEP-
CHbIX MANOKOHLUEHTPHPOBAHHBIX CHCTEM, GOTO-
METPHA H CeAHWMEHTALHMOHHbIH aHanu3 — ANA
HCCNeAOBaHHA YCTOMUHBOCTH CYCMEH3HA,

[Tony4eHHbie AaHHble NO3BONAH ONpeaenHTb
XapaKkTep arperauHH 4actvu (oOpaTHMbIR, He-
0BpaTHMBbIfl), CTeMeHH arperaunH, CKOPOCTH
KoaryasuuH avcnepchi. B csoaHon Tabauue
npHBeaAeHb! pe3ynbTaTbl HCCNEAOBAHHA 3JNEK-
TPOMOBEPXHOCTHBIX CBOHCTB H arperaTHBHOH
YCTOAYHBOCTH AHCNEPCHH OKCHAOB, a TaKXe
paccyHTaHHble Ha OCHOBAHHH AAHHBIX KHCAOT-
HO-OCHOBHOT'O TMOTEHLUHOMETPHYECKOTO THTPO-
BaHHWA MHKPOMOPOILUKOB BenHunHbl ApK 1 TH3.

Ha pHcyHKke | npHBeAeHbl agaHHble MO KH-
HeTHKe arperaury HeEKOTOPLIX H3 HCCNEea0BaH-
HbIX OKCHAOB.

ATH AAHHbBIE H AaHHbIe TabANLB NOATBEPM:
AAIOT FPHROTEelyY O BIAHMOBEBA3IH AOGAH HOHH3IH-
POBAHHBIX TOBEPXHOETHBIX FHAPOKEHABHBIX
rpYRN g, M AFPeraTHBHON YETORHHMBOCTH
AHCMEPCHA OKCHAOB B YCAOBHAX, ONH3KHMX K
TH3. [nd cHCTeM C OTHOCHTENbHO GONbILHM
q, (~107') arperatHBHaa yCTOA4HBOCTL OMHCbI-
BaeTcA TeopHen A1PO M onpeaenseTca Bkna-
AOM  HOHHO-3NEKTPOCTATHYECKOH COCTaBAA-
Iowern packNMHMBAOWEro AaBNEHHA, Toraa

The speclfic values of surface oxlde charge
in water systems of indifferent electrolytes, the
value of PZC, the difference

apK = pK,, - PK,,

the shares of lonized surface hydroxyl groups

in PZC - q,(qq,, = (2:10 *P2)1)

were determined by potentiometric titration.
it is evident that the higher ApK vaiue the
smafler share of ionized surface hydroxyl
groups in PZC and vice versa at very small
(negative) values

of ApK - q = Qe @ 0.5.

£
The method of microelectrofores was applied
to determine electrokinetic potential of oxide
particles in the wide range of pH and indiffe-
rent electrolyte concentration and to find
values of isoelectric points (ISP), To investi-
gate fine disperse low concentrated systems
stability the flow ultramicroscopy was applied,
photometry and sedimentation analysis -
for suspensions stability investigations.

The derived data made possible to deter-
mine aggregation nature (reversible, irrever-
sible), aggregation degree, velocity of disper-
sions coagulation. The results of electrochemical
properties and aggregative stability of oxide
dispersions and values of dpk and PZC
calculated on the basis of acid-base potentio-
metric titration of micro powders are accumu-
lated in summary Table 1,

The data of aggregation kinetics of some
investigated oxides are given in Figure I.

These data confirm the hypethesis of
correlation between share of lonized surface
hydrexyl groups g&PZC and aggregative stability
of exide dispersions in eanditions clese to PZC.
The aggregative stability of systems with
comparatively high (10') is described in the
framework of DLFO and determined from
ionic - electrostatic component contribution,
whereas the systems with small q, (<10 are
characterized by extent BL and considerable
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‘Kak AnA  cHeTeM € ManbiMu q,  (<~107%)
Xapak-TepHbl NMPOTAXKEHHbIE rpaHHYHbIE C10H
H CyWeCTBEHHbIH BKNaa B YCTOWYHBOCTD CTPYyK-
TypHbix cHa. Crpyktypa obpasyomuxca I'C,
nosraumomy, odycnosaeHa yHHNONAPHOH OpPH-
eHTaUnK MOneKkya Boabl 3a cHeT HX B3aHMo-
AEHCTBHA € HEAHCCOUHMHPOBAHHBIMH [MOBEPX-
HOCTHBIMH FHAPOKCHABHbLIMK rpynnamu. Caeayet
OTMETHTb, OAHAKO, YTO YCAOBHA CONHXEHHA
YAC-THL B npotlecce OHPOYHOBCKOro CTONKHOBE-
HHA TaKXe MOTyT 3aBHCETh OT BeaH4HHbl pK
JacThi: npH Gonbuinx 3Havennax ApK (>5-6)
fbonec BEPOATHLIM ABAAETCA YCAOBHC [OCTO-
AHCTBA 3apAda NOBEPXHOCTH, A, CneaoBareb-
Ho, # OodblliHe CHAbI HOHHO-31€KTPOCTATH-
HECKOTO OTTANKHBAHHA HA MANBIX paCCTOAHHAX
Mexay “tacTHUAMH. (InA NOMEKYTOYHbIX 3HaYe-
HHH (, (KaK, Hanpumep, B cay4ae Nb,O, n TiO,)
fona HeCCOUHMPOBAHHBIX  [IOBEPXHOCTHBIX
MMAPOKCHAbHBIX TPYMIl  OKa3biBaeTCA A0CTa-
ToMHOR AR obpazoBanna TC y nosepXHOCTH,
oanako, B ycnosnax TH3 B aTom cayyae
CTPYKTYPHBIE CHABI NpeobnNadaloT Haa MONeKy-
JAPHBIMK TONBKO Ha CPaBHHTENbHO MAnbIX
PACCTOAHHAX, NPHBOAA K MOABNEHHIO TOTeH-
1HAABHOH «AMbI+, OTBETCTBEHHOH 3a Habnio-
AACMbI 0OPATHMBIH XapaKkTep arperauut.

HanaeHHoe yeThoe KoppenAayHoHHasa 3a-
BHCHMOCTL Meaay 3HaueHHamMn ApK W arpera-
THBHOK YCTOHUHBOCTHIO B TH3 (MDT) nossonser
CACNATD 3AKAIOYEHHE O BAXXHOHN poH oBepx-
HOCTHBIX  XapaKTepHCTHR MacTHU AaA  npea-
CKA3atHA Xapakrepa v 0cofeHHOCTEN HX arpe-
FALHH IO AEHCTBHEM 1EKTPOAHTOB,

O4eEBHAHO, 4TO 31EKTPONOBEPXHOCTHbIE
CBOHCTBA  YACTHI, B 3HAYMTEABHOH CTEneHH
ONpeaenAioT THIT H XdApAKTep npouecca retepo-
Koaryasurh. Hamn nokasaHo paHee, 4TO NpH
onpegenclitbiX BenH1UHHax MOTEHHana YacTHL,
A TAKMKE KOHCTAHT MONeKynAPHOTO BiaHMoaeH-
CTBHA MOXeT Habnwoaatbea obpaleHne npa-
suna lUynbue-T'apan, ABaeHHe aaarynALHOH-
HOW CTabHAN3aLNN.

MpH KoaryaauxH AHCNEPCHR HOHOMEHHbI-
mH [TAB 3aBHCHMOCTH 3NEKTPOKHHETHYECKOTO
NOTEHLHANA OT KOHUeHTpauHH [TAB MoryT ObITb
¢ GorblIOH A0NEH BEPOATHOCTH HCTIONb30BAHDI
AN onpeaeneHna yCnoBHH arperdpoBaHna U
OCAXKAEHHA B3BelIeHHbIX YacThi. Kak Obl1o
NOKA3aHO HaMH Ha NPHUMEpe MoAenbHbIX CHCTEM
-npupoanbli anmas + UTAB» n «ramma-AL O, +
SDS» (pHc.2), koaryaauna Gonee BEpOATHA B
NepBHYHOM MHHHMYME, [pH4emM ¢e CTeneHb
MaKCHManbHO B 00NACTH H303NEK-TPHYECKOTO

contribution into structure forces stability.
The structure of arising BL seems to be resuit
of unipolar orientation of water molecules
due to their interaction with nondissotiated
surface hydroxyl groups. It is necessary to
point out, that conditions of particles approa-
ching each other at Brown’s collision also
may be dependent on particles ApK value: the
greater ApK (>5-6) the more probably is surface
charge constancy, and consequently greater
forces of ionic-electrostatic repulsing at small
distances between particles. For intermediate
values of q, (as for Nb,O_ and TiO,) the share
of nondissotiated hydroxyl groups proves to
be sufficient to form BL near surface, but in
conditions of PZC The structure forces predo-
minate over molecular ones only at compara-
tively small distances and cause the appea-
rance of potential minimum which is responsible
for reversible aggregation character.

The revealed clear correlation between
ApK value and aggregative stability in PZC (IEP)
makes possible to conclude the main role of
surface properties of particles at prediction
of character and particularities of their aggre-
gation under exposure to electrolyte.

It is evident that the type and character of
heterocoagulation are also determined by
electrochemical properties of interacting par-
ticles. It was shown that at some values of
particles potentials and constants of molecular
interaction, the reversed Shulze-Hardy law and
phenomenon of adagulation stabilization can
be observed.

At dispersion coagulation by ionic surface
agents, the electrokinetic potential dependen-
cies on SAA concentration may be used to
determine conditions of aggregating and sus-
pended particles precipitation with high pro-
bability. As was demonstrated with example
of simulating systems «nature diamond + CTAB»
and «qamma - Al,O, + SDS» (see Fig. 2), coa-
gulation is most likely to occur in the primary
minimum and coagulation maximum is ob-
served at isoelectric state.
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COCTOAHMA. POCT aBCONIOTHOrO 3HAYEHHA 3eK-
TPOKHHETHYECKOTO NOTEHLMAaNa nocne nepesa-
PAAKH MOBEPXHOCTH NPHBOAHT K crabHaH3aLHu
CHCTEMbI KaK 3a CHeT PpoCcTa 3apAAa NOBEpXHO-
CTH, TaK H CTeNeHH ee (HOGHAH3ALHH TIpH
aacopbuun TAB.

L K, %

100 .

L

| | 20 A

-4 /;7 LA

: -6 -5
!

Koarynsauua BbICOKOAHCNEPCHBIX CHCTEM,
coaepalinx Hacruibl € AHOPUABHOH HAH
AHOPHNHIHPOBAHHOA rpaHHuUen pasaena dgas,
Npe/ACTaBIAeT 3Ha4YHTenbHble TPYAHOCTH. Hc-
noan3oBatHe [AB HaH $noKyaAHTOB He BCcerga
aaet HeobBxoanMmbid 3ddekT. B aTom cayuae
CyWeCTBEHHOE BAWAHNE Ha TONOKHTENbHYIO
CTPYKTYPHYIO COCTaB(AIOUYI0 pacKaHHHBA-
IOLlEro AaBNeHHA MOMKeT OKasaTb (PQeKT
NOBbIWEHHA Temnepatyps! Kak BHAHO M3 AaH-
HbIX PHC.3, He3HAYHTENbHbLIA MOAbEM TeMile-
patypb! (Ha 30°C) npH AOCTaro4HO BbICOKOM
COACPMAHNN NEKTPOIMTA BbI3biBaeT MPOLECT
KoaryafalHH B CHCTeMe, YyCTOHYHBOH npH 20°C
faxe B M30TEPMHYECKOM COCTOAHHH. DpdeKT
BO34EHCTBHA TeMIepatypbl Ha KoaryaauHio
ANCNEPCHA C MOAH(HUHPOBAHHBIX YaCTHL]
06yc10B1eH (HACTHYHBIM HAM NOAHBIM) pa3pylle-
HHem ['C, mosBneHHeM BO3MOXKHOCTH peant-
3alHH bonee rayboKoro nepBHYHOrO MHHHMyMa
H, C1eAOBaTeNbHO, POCTY CTENeHW arperaumu
vacTHL. dPPeKT MoKeT ObITh WHPOKO HCNO(b-
30BaH Ha NpaKTHKe AdA pa3pylleHHA YCTOH-
YHBbIX CHCTEM (BblaeneHHA TBepaoR ¢a3bl B
0CalokK}.

Increasing of electrokinetic potential total
value after surface recharging causes system
stabilization because of the surface charge
and the degree of its lyophilization increasing
at SAA adsorption.

PHC. 2. 3aBHCHMOCTb 31EKTPOKHHETHYECKOTO
noreHuHana ( ), OTHOCHTEALHOH ONTHYECKOHK
naorHoctH (D/D,) 1 KoaddHLMeHTa PHAbHOCTH
(K) cycrieHann NpHpogHOro anMasa OT KOHUEH-
TPaUuK LeTHATPHMETHA-aMMoRNiA Opomuaa: |,
4 - pH 5.8 (H,0); 2, 5 - KCl, 1072 M/n; 3, 6 -
pH 2 (HQL.

FIG. 2. The dependence electrokinetic poten-
tial ( ), relative optical density (D/D,) and lyofilic
coefficient (K) of nature diamond suspension
on CTAB concentration: 1,4 - pH 5.8 (H,0): 2,5
- KCl, 102 M/l 3,6 - pH 2 (HCI)

Coagulation of fine disperse systems con-
taining particles with lyophil or lyophilizated
phase boundary proves to be very hard.
Application SAA or flocculants is not efficient
for all cases. If this takes place, the tempera-
ture rise can affect significantly on positive
structure component of disjoining pressure.
As follows from data in Figure 3, the non-
significant temperature rise (30°C) at suffici-
ently high concentration of electrolyte can
cause the coagulation in system, which is
stable at 20°C even in isoelectrical state.
The temperature effect on coagulation of
dispersions with lyophilizated particles occurs
here because of BL destruction (total or partial),
the appearance of possibility of potential
minimum depth increasing and, consequently,
the increasing degree of particles aggregation.
This dependence can be put to practical use
for destruction of stable disperse systems
(solid phase precipitation).
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PAC. 3. 3aBHCHMOCTb CTerieHn arperauti vac-
THU NPHPOAHOro anMasa (M) oT BpemetH (i)
B pacraopax LiCl npn pH 3 u Temneparypax
20(1), 40(2), n 50°C(3).

FIG. 3. Dependence of diamond particle
aggregation degree (m,) on time in solution LiCl
at pH 2 and temperatures of 20 (1), 40 (2)
and 50°C (3).

TakHm oBpaszoM, INEKTPONOBEPXHOCTHDIE Xa-
PAKTEPHCTHKH B3BEIEHHbIX YACTHIL ABAAIOT-
€A HeoOXOAHMOK OCHOBOH /[1NR OnpeaeneHnA
cnocoBa 1 ycnoBHi KoarynsuHH AHCNEPCHH,
COAepPXKAWNX “ACTHUDI Pa3IHIHON CTeneHH
- (1KOpHAHIHPOBAHHOCTH. BblABAEHHBIE 3aKOHO-
MEPHOCTH MOryT ObiTh HCNONb30BaHbLL ANA
ONTHMH3ALUHN TIPOLECCOB OYMHCTKH TpHpoOa-
HbIX BOA, NPOMbIIUNEHHbIX H ObITOBbIX CTOKOB.

So electrochemocal properties of suspend-
ed particles can be used in deciding on the
method and conditions of coagulation of
dispersions containing lyopholizated particles
with various degree of lyophilization, A regu-
larities revealed can be applied to nature,
industrial and household sewage purification
processes optimization,
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IHAXTHBIE BOAbIL. BHOTEXHOOOTHA
OYHUCTKH N N3BAEYEHUE PEAKKX
D(IEMEHTOB.
- ]

lopwkos BA..K.T.H.

HHCTHTYT 3KOMTOrHH H F'EeHETHKH
MHKpoopraHHsmos YpO FAH

Yuxos 1H., K.X.H.

HHCTHTYT XHMHH TBepaoro reaa YpO FAH

KHcable WwaxTHble Boabl, ABAAACH FHAPOMH-
HeparbHbIM CbIpbeM, H3-3a OTCYTCTBHA NMpHEMe-
MbIX TeXHONOrHH nepepaboTke He noaeep-
raiorcd H cOpacblBalOTCA B BOAOEMbI, Kak
cTouHble BOAbl. H3 obliero obbemMa KHCAbIX
WaxTHLIX Bog B cTpaHax CHI Hanbonb-
wee nx Koanuecrso (100 max Ky6 B roa) obpa-
syerca B KHsenoBcKom yronsHoM 6acceline.
Bmecre c waxT HbIMH BodamH B 6accerH
p. Kambl exerogHo cbpacbiBaerca cBbile 1,5
TBIC T. PeAKHX H peaKo3eMenbHbIX 3eMeH-
TOB, TAKHX, KaKk €BpOIHH, HTTPHH, (aHTaH,
CKaHJHH, CaMapH#, UepHi, Tepbu#, WTTepOun
n apyrie, 6onee 100 TbIC T. Xenesa, [0
20 TIC. T.aqlOMHHHA. Beawunna pH  aTHX
Bod H3MeHserTcA oT 2,1 ago 5,5, a teMnepa-
Typa ot 4 go 12500 C.

Hcnonb3yeman B Hactofillee BPeMA TEXHO-
orHA nepepabOTKH KHCABIX LWAXTHBIX BOA
H3BECTKOBAaHHEM XAPaKTepPH3YETCA BbICOKHMH
SKCMAYaTAUMOHHBIMH 3aTPaTaMH W He CHH-
XKaeT BbICOKONo cCogepKaHHA MHHepanbHbIX
coned. O6pasylowMAca B pesyabrate obpa-
60TKH BOABI OCAAOK NpEACTABIEH B OCHOBHOM
H3 HHEPTHOH 4acTH HM3BECTH, YTO OrpaHHYH-
BaeT MyTH ero YTHAH3AUHH.

PaspaboraHHas HaMH v onpobrpoBaHHas B
MPOMBbILLNEHHBLIX MacluTabax TEXHONOTHA KoM-
NNeKCHON nepepaboTKH WaXTHbIX BOA OCHO-
BaHAa Ha KOHLEHTPHPOBAHHH Haxoa4AUIHXCA B
pacrsope MeTannos TNyTeM HX nepeBoda B
TBepaylo ¢asy BBHAE ocadka C nocneaylnm
CeeKTHBHbIM pasgeneHneM. Ha nepBoM atane
KOHUEHTPHPOBaHHA METaN10B HCNONb30BaH Me-
Toa 6rodnokynaunk ¢ nomoune 6GHoMacchl
cynbgarpeayunpylownx 6aktepun (CPB). fns
KoppeKunn pHl H AOOYMCTKH BOABI NpHMEHeH
30eKTPONH3HbLIKH annapar ¢ ABYyMA TNOTOKAMH
XKHAKOCTH KaToanTa H aHonHta. Karoaur ae-
IAETCA OYHIEHHOH BOAOH H yAOBNETBOPAET
TpeboBaHHAM AnA c6poca B BoAoeMbl pbiGoxo-

MINE WATERS.BIOTECHOLOQY OF
PURIFICATION AND RARE-EARTH ELEMENTS
EXTRACTION

L ]
V.A. Gorshkovy,
Institute of Ecology and Genetics of
Microorganisms, Ural Department of the
Russian Academy of Sciences
N.N.Chizhov,
Institute of Solid Chemestry,
Urai Department of the
Russian Academy of Scienes FPerm

Acid mine waters, appearing to be hydromin-
eral raw materials, for the lack of suitabl
technologies are not undergone the treatment
and are dropped into the reservoirs as waste
waters. Of the overall volum of acid mine waters
in FSU their greatest amount (100 min cub.m
per year) is formed in Khizel coal basin.
Together with mine waters over 1,5 ths t of rare
and rarearth elements, such as europium,
yttrium, lanthanum, samarium, cerium, terbjum,
ytterbium ets,, over 100 ths. t of ferrum, up to
20 ths. t of aluminium are dropped annually into
the Kama river basin pHi amount of these waters
alters from 2.2 to 5.5 and the temperature -
from 4 to 12 degrees C,

At present the utilizing technology of acid
mine waters’ treatment by liming is charac-
terized by high operating costs and does not
lower the high mineral salts concentration.
The resulted sdiment after the treatment is
provided mainly by the inert part of the lime
which limits the ways of its utilization.

The developed by us and approved on an
idustrial scale the technology of complex acid
mine waters’ treatment is based on the
concntration of metals presenting in the
solution by means of their transfer into solid
phase in the form of sediment with the
subsequent selective division. In the first stage
of metals concentration the method of bio-
flocculation with the help of sulfate reducing
bacteria biomass (BSB) was used. Electrolyzing
apparatus with two fluid flows of catholyte and
anolyte was usd for pH correction and final
water purfication. Catholyte is a purified water,
with meets the requirements for the drop to
the reservoirs of fish-economic purpose and
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3AHCTBEHHOrO HazHadeHHA W HCIONb3OBAHHA
ANA TeXHHYEeCKOro BOAOCHAOMeHHA. AHOMHT
HCNONb3yeTCHd B TEXHOMOrMH Aas H3BAEYeHHA
MeTannoB. B KadecTBe MHTATENLHOH Cpeapl
NpH HenpepblBHOM KynbTHBHpoBaHnn CPB
BbIOpaHbl OTXOAbI XO3AMCTBEHHO-OBITOBOM
AEATENbHOCTH NpPeANpPHATHA: XO3AHCTBEHHO-
OblTOBad MHAKOCTb, CBHHONM HABO3 M LIAXTHAA
BOJA B OMpeAeaeHHbIX COOTHOIWEHHAX, Obpa3sy-
IOLLHHACA B pe3ynbTare 0OpabOTKH BOAbl 0CAN0K
npeacTaBNed B OCHOBHOM OKCHIHApPATaMH
Kenea H anlOMHHHA C MPMeCAMH LBETHbIX
MeTannoB, pacCeAHHbIX M pearo3eMenbHbIX
3(1€MEHTOB.

Bropon ararn TexHonorm1 ocHOBaH Ha flepe-
BOAE OCadKka B PacTBOp C HCIONb30BAHHEM
aHONTA; W3BNeYeHHH CKAaHAHA C [OMOLLbIO
copbeHTa; OTAeneHHH OT XKeae3a rpyNnbl pea:
Ko3eMerbHbIX 31eMeHTOB. XBOCTOM TEXHONOTHH
ABAAITCA OKCHTHAPATb! Kene3a H antoMHHHA,
MCNOMb3yeMble AAA MPOH3BOACTBA CTPOHTENb-
HbIX MATEPHANOB H MHMIMEHTOB ANA NAKOKpacoy-
HBIX MaTepHaNoR.

the usage of technical watersupply. Anolyte
is used in the technology of metal extraction.
As a nut-rient medium at continuous cultivation
of BSB the wastes of eco-nomic-domestic fluid,
pork manure and mine water in definite cor-
relations were selected. The resulted sediment
on water treament is presented mainly by
ferrum and aluminium oxyhydrates with the
admixtures of non-ferrous metals, scattered
and rar-earth elemens.

The second stage of the technology is based
on the sediment transfer into the solution with
the use of anolyte; scandium extraction by
sorbent; rare-earth elements’ separation of the
ferrum. The products of the final stage of the
technology appear to be ferrum and alumi-
nium oxyhydrates that are used for the
production of building materials and also the
pigments for varnish paints.
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IOMCKAA CTAHLIMA

OITPECHEHNA BOADBI
st

ax.Y. dersro (CHIA)

KPATKOE COAEP?KAHNE

IOMCKasa cTaHUHA onpecHeHHa Boas! (LUT.Aph-
30Ha), pacnoaoxeHHaa Ha p.Konopano BGanzu
c rpaHnuer mexay CIIA n MeKcHKoH, npeg-
cTaBnAeT CcoOOM OINpeCcHHTENbHYI0 CTaHUHI,
ACHCTBYIOLLYI0 Ha OCHOBe MexaHu3ma obpar-
Horo ocmoca. Ee nporHsBoaHTenbHOCTL COCTaB-
aser 275 maH.a (72,4 MAH.ranaoHoOB) NpecHou
BOAbl B CYTKH. B cocCTaB CTaHUHH BXOAHT
MolHan chcreMa foAroTOBKHY BOAbl, KOTOpas
HrpaeT BaXkHyl0 poib B obecrnevyeHnH AnnTens-
HOH HaaeKHoH paboTbl MeMOpaHbl. OMUCAHHDI
OCHOBHbI€ KOMIMOHEHTbl CTAHUHH H obcyKaa-
IOTCA Pe3ynbraThl NMpOBEAeHHbIX HedaBHO HC-
CfeaoBaHHH.

BBEAEANE

lIOMCKaa ofpecHATenbHaa craduua (I00C)
ABNAETCA KpyMHeriwed B mupe, pabotalouleh
Ha OCHOBe MexaHn3Ma obpaTHoro ocMoca, 00C
HMeeT MPOEeKTHYI0 MPOH3BOAHTENbHOCTE 275
MaH.a (72.4 MAH.Ta1n0HOB) NMpecHOH BOAbl B
CYyTKH, ANA Yero Ha HeH AO0MKHO NepepabaTbi-
BaThcA 390 MAH.n coneHon Boabl (203 MAH.
raanoHos), [IpoOH3BOAHTENBHOCTL CTAHUHH MO-
KeT ObITh yBeAH4YeHa A0 363 maH.n (98 man,
rannoHoB) NpecHOM Boabl B CyTKH. IOOC pac-
nonoxena BOAH3H p. Konopano npubnmnanrensHo
B 8 KM (5 MHnb) K 3anaay ot r.lOmMa (wT.Apn-
3oHa), lopoa IOma pacnonomeH B HHMKHEM
TeveHHH p.Koaopano Ha KpaHHeM loro-3anade
CIIA Heganeko oT rpahuupl Memay CUIA wu
MekcHKoH.

CraHuuMs npeaHasHa4deHa AAA OMNMpeCHeHHA
COneHblX APeHaXHbIX BOA, COOHPAaeMbIX C Opo-
CHTENAbHbIX CHCTEM, Mocae vero OHH cOpachl-
Balorca obparHo B p.Konopado. Crasuma 6bina
NnocTpoeHa B COOTBETCTBMH C 3aKoHOM Mo
bopbbe ¢ 3aconenHem B bacceiiHe p.Konopano
(MonpaBka K 3akoHy 93-320, Hionb 1974) ana
obecneyeHna TpeboBaHHA COIIAlIEHHA MeXay
CHA v Mekcukor (TS 994, 1944 ¢ nonpaBKown
242, Koropylo BHec B 1973 r. Munut). Corna-
wehne Tpebyer ot CILIA, urobsl Boda p.Konopaao
NOCTyrnana Ha TEPPHTOPHIO MEKCHKH ¢ cone-
HOCTBIO, KOTOopaA Obl npeBblllana ConeHOCTb
p.Koaopaao B cTBope MaOTHHLI HMnepHan He
6onee, yeM Ha | 15+30 yacTs/MaH.. DTa NNOTHHA

THE YUMA

DESALTING PLANT
L e

G W. DeFuy USA

" ABSTRACT

The Yuma Desalting Plant, located on the
Colorado River near the border between the
USA and Mexico, is a reverse osmosis desal-
ting plant with the capacity to produce about
275 million liters (72.4 million gallons) of
desalted water per day. The plant has a rather
extensive pretreatment facility, which is an
important factor in maintaining satisfactory long-
term membrane performance. The main fea-
tures of the plant are described, and results of
recent research investigations are discussed,

INTRODUCTION

The Yuma Desalting Plant (YDP) is the world’s
largest reverse osmosis desalting plant. YDP
is designed to produce about 275 million li-
ters (72.4 million gallons) of desalted water
per day from about 390 million liters (103
million gallons) of brackish feedwater. Plant
capacity can be expanded to produce about
363 million liters (96 million gallons) of
desalted water per day. YDP is near the
Colorado River about 8 km (5 miles) west of
Yuma, Arizona. Yuma is on the lower Colorado
River in the extreme southwestern part of the
United States near the border between the
United States and Mexico.

The purpose of the plant is to desalt sa-
line irrigation water before the water drains into
the Colorado River. The plant was built under
the Colorado River Basin Salinity Control Act
(Public Law 93-320, June 1974) to meet the
requirements of a treaty between the United
States and Mexico (TS994, 1944, as amended
by Minute 242, 1973) to control the salinity of
the Colorado River. The treaty requires the
United States to deliver Colorado River water
to Mexico at a salinity level not to exeed 115+30
ppm above the salinity level of the Colorado
River at Imperial Dam, about 43 kilometers
(27 miles upsteram). The YDP uses practical
technologies to recycle the unusable irrigation
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paclioaaraeTca Ha pacCTOAHHM NpUBaH3NTEND-
HO 43 KM (27 MHAb) BblllE (10 TEYEHHIO OT
ofnpecHuTenbHon craHuvd. Ha I0OC Hcnonb3y-
I0TCA MpakTH4Hble TeXHONOIHMH AnR MNepepa-
6OTKH HENPHIOAHbIX K AaNbHEHILIEMY HCMONb30-
BaHHIO ApeHaXKHbIX BOJA OPOCHTEbHbBIX CHCTEM
W 1A WX BO3BpaTa Mocne OYHCTKH obparHo
B p.Ronopaqgo.

AaAa onpecHeHHA ApeHaMHbIX BO4, cCoae-
HOCTb KOTOPbIX B CpeaHeM cocrtasaaet 3000
yacTh/MaH. Ha KOOC wncnonb3yercs npouecc
obpatHoro ocmoca (00). MMpouecc OO no3pona-
eT ynannTb 13 cobrpaemon Boabl cabile 90 %
conH. B pesynbraTe 3TOro Ha BbIXOAE CO CTaH-
LIHH COMEHOCTb ONPECHEHHOH BOAbI COCTaBAAET
npubananrensio 300 yvactb/MnH. Conk KOH-
(leHTpHpYeTCA B CToqHbIX Bodax OO-ycra-
HOBKH, CONEHOCTb KOTOPbLIX HAXOAWTCA Ha
yposHe 10000 vacTh/MaH, OripecHeHHaA Boaa
3aTe€M CMELNMBACTCA ¢ ApeHaKHOH BOAOH C
LeNBI0 TIOHHAKEHHA CONEHOCTH MocneaHer Ao
TpebyeMoro ypoBHA. [ocae 3TOro CMellaHHbie
soabl coOpacwiaoTca obpatHo B p.Konopaao.

Ha Bbixoae M3 HanopHoro pesepsyapa QO-
YCTAHOBKH  CTOYHBIE BOAbl HAaXOAATCA 104
SHAUHTEABHBIM - AABACHHEM W NOAATCA Ha
TypOuHbL, TypOHHBI, YTHANZHPYIOUIHE 3HEPrHIO
CTOMHBIN  BO/, PA3MEILAITCA Ha HACOCHOH
| CTAHUHY pe3epByapa 4YHCTOH BOAbL. JTO NO3-
BOAACT CHUAHTL 3aTPAaThl HA JHEPTHIO, HCIONb-
3YEMYK AR NPHBEAEHHA B AEHCTBHE Haco-
COB 3TOH HACOCHOW CTAHLIMH, :

CrovHele BOABI COpACHIBAIOTCA MO OTBOA-

HOMY APEHANHOMY KonnekTopy. [peHaHbIH

KOAAEKTOp npeactaBnaer cobon obanuopan-
bl BeTonoM Kanan annHon 95 KM (37 Munb),
KOTOPbIH BLIXOAHT HAa OONOTHCTYI0 HH3MEH-
Hocrh  Canrta-Knapa-Mapul, pacnonoXeHHylo
na nobepembve Kanndophnickoro sanupa. OT-
BOAHOH APEHAMKHBIF KONEKTOP HCNOAb3yeTCA
Takke ana cbpoca Ha Canta-Kaapa-Mapw He-
OMHUEHHBIX CONEHbIX APEHAXHbIX BOA BOAO-
Xxpannauila Mopenoc.

Ochnopnubimn vactTampn KDOC aABnaOTCA BO-
no3abopHoe coopyxenHe, KoTtopoe 3adbupaer
COMCHYID BOAY H3 BOAOCOPOCHOrO KaHana;
MOIIIHAA CHCTEMA NOArOTOBKH BOAbL; oOnpec-
HHTEeNbHAA YCTAHOBKA H HCCneaoBarenskcas
CTAHUHA, KOTOPAA HOCHT Ha3BaHue «YuebBHO-
HCNbITaTENbHAA CTAHLUHA>,

I00C 3anpoeKTHpoBaHa Kak HCCnegoBateb-
CKHH KOMIMEKC H, OAHOBPEMEHHO, KaK NpOH3-
BOACTBEHHOE NpeaAnpuATHe, HcnbirarensHas
CTaHUHA npeactaBnaerT cobon onpecHHTenb-
Hy!0 yCTaHOBKY MeHbluero maciraba, Ha KoTo

drainage water, and to add this cleaned up water
to the Colorado River water supply.

YDP uses reverse osmosis (RO) process
to remove salt from the drainage water, which
has an average salinity of about 3000 ppm.
The RO process removes more than 90 % of
the salt in the return flow, and produces pro-
duct water having a salinity of about 300 ppm.
Salt becomes concentrated in the RO plant
reject water, which has a salinity level of about
10,000 ppm. Product water is blended with
untreated drainage water to lower the sali-
nity of the drainage water to a desired level,
and the blended water is returned to the
Colorado River,

The reject water is under high pressure
when it leaves the RO pressure vessel. The
water is jetted into energy recover turbines
at the clearwell pumping plant, which helps to
reduce energy costs for running the pumps.
Reject water is emptied into a bypass drain.
The bypass drain is a 95-kilometer (59-mile)
long concrete lined canal that empties into the
Santa-Clara-Marsh at the Gulf of California, The
bypass drain is also used to bypass untreated
saline drainage water at Morelos Dam to the
Santa-Clara-Marsh.

The main features of the YDP are the intake
works that takes saline water from the return
flow canal, a fairly extensive saline water
pretreatment plant, the desalting plant, and a
research facility called the Test Train Plant.

YDP is designed as a research facility as
well as a production plant. The Test Train Plant
is a smaller sized complete desalting plant
that is used to investigate water treatment
process, to evaluate new membranes, to train
plant operators, and to conduct desalting
research. Research is oriented towards redu-
cing the costs of future RO plants.

poH peann3oBaH TNOAHBIH TEXHOMNOrMYeCKHM
npouecc, OHa HMCNonbayercA AQA HCCneqoBa-
HHA MPOUECCOB OYHCTKH BOAbI, ANA OUEHKH
HOBbIX MemOpaH, a Takke AnA  oDyveHns
onepaTopoB ONPEeCHHUTENbHbIX YCTAHOBOK H
npoBeAeHHA HCCNEAOBAHHA ONPECHHTENBHBIX
npoueccos. lleabio HccneaoBaHnA ABAAETCA
fansHenlllee CHUAKeHHe CTOHMOCTH OfpecHH-
TeNbHbIX yCTAHOBOK.
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OBPATHbLIH OCMOC

[naBHytlo poab B fpouecce OfpecHeHHA
nrpaetT 0OpaTHOOCMOTHYeCKaa MeMOpaHa, Ta-
Kaa meMmOpaHa H3roTaBAAETCA H3 alerara
LeAmiono3bl H NpeacrabaAeT cobon Tpexcaon-
HYI0 KOHCTPYKUHIO. BepxHHH H HHXKHHH CnoH
MeMOpaHb! BbINOMHEHbI H3 aLeTara Lenaioaosbl,
apMHpOBAaHHON AAKPOHOBOH TKaHDIO; MEM/AY
3THMH CNOAMH pacnonaraeTca CPeAHNH CNOA H3
nnacTuHLUHPOBAHHOH BA3AHHON TPHKOTaKHOH
TKaHH, MemOpaHbl repMeTHIHPYIOTCA C Tpex
CTOPOH, YKAAAbIBAIOTCA Ha CBOBOAHYIO CETKY
NPOMEXYTO4YHOrO C101, pacnpeaensiowero co-
(1eHY10 BOAY, a 3aTeM ClTHpalibHO HABHBAIOTCA Ha
noayio BOAONPOBOAHYIO TPYOY, NpHYeM OTKpbI-
Tbif KOHEL ceKUHH MemDpatbl pacrionaraerca
pAAOM ¢ NonocTbio TPYObl. CNHPanbHO HABHTLIE
MeMOpaHb!, Ha3biBaeMble MeMOpaHHbIMH 3ne-
MEHTaMH, MOMELAIOTCA B BbICOKOHaNOPHbLIH
pesepByap, H3rOTOBNEHHbIH H3 CTEKAOIACTHKA.

Haxoaauwneca nod HanopoM coneHble BoAbI
MoAAIOTCA B HANOPHBIH pe3epByap MO ceT4a-
TOMY PacrnpeaenuTenbHOMy CA0K0 MeXAy CIOAMH
criMpanbHO HaBHTOH MeMbpaHbl, (laBneHHe npo-
“TanKHBaE€T “KCTYI0O BoaAy “iepes MeMmOpany, a
CoMb OCTAETCA Neped Her, MOCKOIbKY HE MOXKeT
MPOHHKHYTb CKBO3b MeMbpaHy. ObecconeHHan
BOAa NMpoAonKaeTr ABHrarbCA o MenbYanlinMm

MnopaMm TPHKOTAKHOrO MNAacTHPHUHMPOBAHHOTO |

NnonoTHa, obpa3yiollero cpeaHHi MpoOMeRyTou-
HbIH C0H MeMOpaHbl, H BbIXOAHT H3 HAMOPHOTO
pesepByapa 4epe3 TpyOy, pacnonoKeHHyio B
ueHTpe MeMOpaHHOro anementa, MoHblI ConeH
He NPOHMKAIOT CKBO3b MeMOpaHy v NepeHocAT-
cA BAOAb pacnpeagenuTenpHoro canod. Cone-
HOCTb MOTOKa NMPH 3TOM MOBbLILIAETCA H OH B
KOHLIE KOHLOB MOKHAAeT MeMOpaHHbIF 21eMeHT
H YXOAHT B CTOYHbIE BOAbI.

Pabouee paaBneHne npouecca ob6paTHOro
0CMOCa 3aBHCHT OT KOHLEHTpaUHH coneH, pac-
TBOPEHHBIX B BOJE, MOCTYNAOILEN Ha ONpecHe-
HHe. C pOCTOM KOHLEHTpaLHH Conef BO3pac-
TaeT H eCTeCTBEHHOe OCMOTHUYECKOE aBaeHHe
BOAbIL. JTO NPHBOAWT K He0BXOAHMOCTH NOBbI-
WwaTb COOTBETCTBYlOlLlee pabodee AaBeHHe
00, 4Tobbl NpeoaoneTh BAHAHHE eCTECTBEH-
HOFO OCMOTHYECKOTO AaBNEHHA CONEHOH BObI
H MPOTONKHYTb BOAY Yepe3 MeMOpaHy. YCTaHOB-
KH OO 00ObI4HO IKCNIAYaTHPYIOTCA NPH pabounx
AasneduAx ot npubansurensio 1380 klla po
2760 Klla (ot 200 ao 400 ¢yHT/KB.A1OHM) aas
CONOHOBATBIX BOA H NPH AABAEHHAX OKO(O
5520 kla (800 ¢yHT/KB.AIOHM) A1A MOPCKOH

REVERSE OSMOSIS

The heart of the desalting plant is the reverse
osmosis membrane. The membrane are made
of cellulose acetate and are constructed as a
three-layered system. The top and bottom
layers consist of cellulose acetat membrane
backed with a dacron fabric, separated by a
middle layer of plasticized tricot knitted fabric.
The membranes are sealed on three sides,
placed upon a loose mesh brine spacer, and
then spirally wound around a hollow water tube
with the open end of the membrane unit is
placed next to the hollow tube. The spirally
wound membranes, called membrane ele-
ments, are loaded into fiberglass pressure
vessels. '

Pressurized saline water is fed into the
vessel along the brine spacer between the
layers of the spirally wound membranes. The
pressure forces pure water through the mem-
brane but the salt stays behind as it cannot
pass through the membrane. The desalted wa-
ter then travels through minute passage ways
in the plasticized tricot in the middle layer and
exuts the pressure vessel trough the hollow
tube in the center of the element. The salt ions
do not pass through the membrane and are
carried along brine spacer. The salt stream
becomes concentrated and eventually exits the
membrane element as plant reject water.

The operating pressure for the reverse
osmosis process is a function of the dissolved
salt content of the feed water. As the salt
content of the feed water increases, the natural
osmotic pressure of the water increases. This
causes a corresponding increase in the RO
pressure requirement to overcome natural
osmotic pressure effects of the saline water and
force water through the membrane. RO units
tipically run at a pressure of about 1380 to 2760
kilopascals (200 to 400 psi) for brakish water
and about 5520 Kilopascals (800 psi) for sea
water, The YDF operates at an everage pres-
sure 2500 kilopascals (360 psi).

The operation costs of a high-purity reverse
osmosis water treatment plant are closely
associated with energy costs for the RO
pressure requirements and the service life of
the membranes. Both the energy costs and
service life are a function of the quality of the
feedwater. Energy costs increase as the sali-
nity of the water increases, and service life is
shortened by membrane fouling and degrada-
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Boabl, {0OC 06bIYHO 3KCIITyaTHPYeTCA [1pH
CpeAHHX AaBAeHHAX Ha yposHe 2500 Klla (360
yHT/KB.AIOHM).

JKcnayaTayHoHHble H3AepXKKH CTaHUHH
BbICOKOKa4eCTBEHHOH OYHCTKH BOA C HCNONb-
30BaHHeM npouecca obpaTHoro ocMoca B 3Ha-
UHTENbHON Mepe OorpeaenAloTCA 3arparamn
Ha 3HEPrHi0 ANA CO34aHHA HeobXoauMoro
pabouero AaBAeHHA W CPOKOM CAyKObl MeM-
6panHbix snemeHToB. Kak 3aTparbl Ha 3Hep-
F'HIO, TaK H CPOK cayxObl MeMOpaH 3aBHCAT
OT CONEHOCTH BO/1bl, MOCTyNaowWeH Ha o6paborT-
Ky Ha OMpPecHHTENbHYI0 YCTAHOBKY. 3arparbl
Ha JHEPrHio BO3PACTAIOT C POCTOM COMEHO-
CTH BOAbI, OAHOBPEMEHHO C 3THM 3arpaA3He-
HHE H gerpajalHA MmaTepHana yKOpPa4HBaloT
CpOK cay)bbl MeMOpaHHbIX 31€MeHTOB H3-3a
He6naronpHATHOrO BO3AEHCTBHA BeWECTB,
HaxoARWHKXCA B coneHon Boae. Ha cpok cay-
KO6bi MeMOpaH OKa3bIBAIOT BAHAHHE TPH THNA
npobnem:

l. 3arpa3neHHe mMemOpaH. B3BelleHHble
TBepable YACTHIbl OTKAAALIBAIOTCA Ha [OBEPX-
HOCTH MeMOpaH H 3aTPYAHAIOT MPOHHKHO-
BeHHe 4HCTOM BOAbl Yepe3 MeMOpaHy. JTH
3arpA3sHeRna BKAIOYAIOT B3BelUEeHHble HAHOCh!
H KONNOHAHBIE 4acTHLUbI, a TakXKe BHonorkyec-
KHe 3arpaA3HeHHA THMa BOAOPOCAEH H MHKpO-
OpraHH3MOB.

2. [lerpagauns maTeprana Membpan. Onpe-
AeneHHble XHMHYEeCKHe BEeLIecTBa, HanpHMep
pPACTBOPEHHbIH B BOAE XN0P, H MHKpOoOpra-
HH3MbI MOTYT HeBNaronpHATHO BO31EHCTBOBATh
Ha MaTepran MeM6paH W NpHBOAHTbH K ero
paspyLIeHHIO.

3. PactBopeHHble conH. PacTBopeHHble B
BOAE COMH MOTyT npeacraBnATh coGoM npo-
6nemy, nockonbky pabovee gaBaeHve ycTa-
HOBKH OO NpAMO 3aBHCHT OT HX KOHLEHTPaLHH,
A JMKeCTKOCThb BOAbl MPHBOAWT K YCHAECHHIO
TeHAeHUHH oOpa3oBaHHA oOCagka B YCTAaHOB-
Kax OO. Ymaryenve Boabl Oyaer ocnabnarth
3Ty HebNarofpHATHYIO TEHAEHUHIO.

!

tion from contaminants in the feedwater. The
three major types of problems affecting the life
of the membranes are :

1. Membrane fouling. Suspended solids form
deposits on the membrane surfaces and
obstruct the passage of water through the
membrane. These contaminants include sus-
pended sediments and colloidal particles, and
biological contaminants such as algae and other
microorganisms

2. Membrane degradation, Certain chemi-
cals, such as dissolved chlorine, and microor-
ganisms can attack and degrade the mem-
branes.

3. Dissolved salts. Dissolved salts are of
concern as the RO operating pressure is directly
related to salt content, and the hardness of the
the water increases the tendency for scale
formation.

As the operation of the RO plant is greatly
affected by the quality of the feedwater, a fairly
comprehensive water pretreatment process is
required to remove suspended particles, soften
the water, and control biological organisms."

[TockonbKy yCnoBHA 3KcnnyaTalMH ycra-
HoBkH OO B 3HAYHMTENBHOH Mepe onpeaend-
I0TCA Ka4eCTBOM BOAbl, MOCTyNawilerd Ha or-
peCHHMTEeNbHYI0 CTaHLHI, ANA yAadeHHA B3Be-
WeHHBIX YACTHL, YMAMYEHHA BOAbI M HOPLOLI
¢ 6HONOrHYECKHUMH OpraHH3MaMH HeoOX0AHMO
HCNonb30BaTh CnelHanbHbie NPOLECChl BOAO-
NoAroTOBKH.
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NMPOLIECC BOAONOAIOTOBKH

BoaosabopHaa cHCTeMa

ConoHoBaTble aApeHakHbie BOAbl 3abHpa-
IOTCA H3 KaHana H NPOXOAAT 4epes ceTvarble
dHALTPBI H3 HepXKaBelowWeH CTaaH C Lenblo
yaaneHna BOAOPOCEH M HAHOCOB. JTH HAb-
Tpbl ABTOMAaTH3HPOBaHbl H 0BOpyaoBaHbI CHC-
TeMOH OOpaTHOH MPOMbIBKH MpH [POBEACHHH
NneproANYECKHX YHCTOK., 3aTeM COOHOBaTbie
BOAbl CAaMOTEKOM MO fl0A3eMHbIM Tpybonpo-
BOAAM MOCTYNAIOT Ha YCTAHOBKY X(10PHPOBa-
HHA BOAbI

XaopHposaHHe

ConoHoparble Boabl 06pabaThHIBAIOTCA XA0-
pOM aaa yHHqTO)KeHHﬂ MHKpOOpPraHHimoB H
npeaoTBpalleHHA PasBHTHA Boaopocnen. Lise-
TeHHe BOAbl NpeacTaBadeT COB6OR OCHOBHYIO
npobneMy anA ApeHaXHbIX BO/ OPOCHTEAbHbIX
CHCTEM.

OTCTOHHHKH

ConoHoBaTble BOAbl MPOTEKAIOT 110 CHCTEME
OTCTOMHHKOB, B KOTOPbIX OCAKAAIOTCA Han6o-
(1lee KpynHble B3BelleHHble 4YacTHubl. Ha aHe
OTCTOHHHKOB aBToMaTH1ieCcKHe CKpebGRH oTrpe-
6al0T AOHHbIE HAHOCHI K GOPTaM OTCTOMHHKOB.
3aTeM HAHOCHI OTCACBLIBAIOTCA NO Tpybam H

cbpacbiBalOTCA Ha HIOBble NIQLIAAKH. YacTh- .

YHO OYMLUEHHble CONeHble BOAbI NMepeTeKaloT
Yyepes CTeHKH OTCCTOMHMKOB H MonajalT B
BoAa3abopHoe YCTPOHCTBO HACOCHOHM CTaHUHH
M NOAAITCA B OCBETAHTENH.

OceenHTeaH

IDOC nMeer B CBOEM coOCTaBe TPH OYeHb
6onblWHX OCBeTAHTeAA AHameTpoM 56 M (185
dyT) 1 rnybrHon 8 m (26 dyr). B oceetanTenax
B COIOHOBATYIO BOAY A0DaBAAIOT HeralleHylo
H3BECTb H 2KENE3HbIH KYNOPOoC C LeNbio yMAre-
HHA BOABI H OcnabneHHA TeHaeHUnH K obpaso-
BaHHIO OCaaka B ycraHoBkax 00. Henocpea-
CTBEHHO nepen noga4eH BoaAbl B OCBETIHTENb
HeraweHas H3BECTb CMEILHBAeTCA C BOAOH B
H3BeCTeracH(bHbIX annaparax, obpasya H3BeCT-
KOBYIO CyCTNeH3nio, KOTopas BBOANWTCA B NOTOK
conoHoBaToM Boabl, IpaHynbl Kene3Horo Kyro-
poca Takxe A06aBNAIT B NOTOK CONOHOBATON
BOAblL. M3BecTb ocaxaaeT M3OLITOK KanbuHA u
APYFYX MHMHEPANOB, ONpeAenAIOWHX KEeCTKOCTb
BOAbl. OCAA0K B OCHOBHOM [pe/AcTaBneH yrae-

PRETREATMENT PROCESS

Intake system

The saline drainage water is taken from the
canal and passed through stainless steel
screens to remove algae and debris in the
canal. The screens are automated and are
equipped with a back wash system for perio-
dic cleaning. The saline water then flows by
gravity through underground pipes to the
chiorination unit.

Chlorination

The saline water is treated with the chlorine
to kill micro-organisms and to stop the growth
of algae. Algae infestations are a major prob-
lems in the irrigation return water.

Grit Sedimentation Basins

The saline water flows through the series
of the grit sedimentation basins where the
coarser suspended particles are allowed to
sediment out. At the bottom of the basins,
autmated rakes scrape the sediment build-up
to the side. The sediment is piped to a sludge
handling area and discarded. The partially
cleaned saline water flows over the basins walls
into an intake pumping plant and on to the
solids contact reactors.

Solids Contact Reactors

YDP has three very large, 56-meter (185-ft.)
diameter and 8-meters (26-ft.) deep solid
contact reactors. The solid contact reactor
introduce quicklime and ferric sulfate into
the saline feedwater to soften the water and
reduce the tendency for scale to form in the
RO units. Just before the feedwater is intro-
duced into the solid contact reactors, quicklime
is mixed with water to form a lime slurry in a
lime slaker building, and then introduced into
the saline water stream. Ferric sulfate peliets
are also added to the saline water stream. The
lime precipitates exess 'calcium and water
hardness minerals. The sludge is mainly
calcium carbonate. The ferric sulfate acts as a
coagulant and helps to settle precipitates and
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KHCAbIM KanbliMem. KenesHbl Kynopoc few-
CTBYeT KaK KoarysiHt 1 CnocoOCTByeT Bbinagde-
HUI0 OCaaKka M B3BEWEHHbIX 4acTHU Ha AHO
ocBeTanTens. [lononHUTenbHOE KONHYECTBO
MKene3HOro Kyrnopoca W H3BeCTH MoXeT ObiTb
gobapaeHo B LEHTPE OCBETAHTErA.

Crycrimeat ocaaira H iviaMoXpaHHIHILA

Ocagok B ocBeTaHTeNAX crpebaeTca K ueH-
TPy H 3aTeM MoAaeTCA B CrycTHTenb ocagka.
CrycTHTenb ocaaka NoBbllIAeT KOHCHCTEHUHIO
ocagka 3a CHeT [anbHeHIero OCaXAEHHA.
Hacocbl OTKA<HBAIOT CrylleHHbIH 0CadoK Mo
noA3eMHbIM TpyGonpoBoaaM K npyaaM-ucrapH-
TeNAM B MecTax XpaHeHWa wnama. llnamoxpa-
HHIHILA PACNONATAIOTCA HA PacCTOAHHH OKOMNO
33 KM (22 MHAH) K IONO-BOCTOKY OT ONPECHUTENDb-
HOH CTaHuMH. Korga npyabl-HCnapuTend 3anoa-
HAIOTCA TONHOCTBIO LWWNAMOM, LWWAAM MOXHO
OCTABHTb Ha HEKOTOpPOE BpEMA B MOKOEe ANA
AAAbHEHILEH CYLKH, a 3aTeM npya NoKkpbiBaeT-
CA CNOEeM TPyHTA, B pe3ynbrare 4ero uinamo-
XPAHHHILE CNMBACTCA C OKPY2KAIOWHM MYCThiH-
HbiM nanawadTom. B anbTepHaTHBHOM cnyyae
1aM MOMHO HANPaBHTh Ha AONOAHHUTENbHYIO
nepepaboTKy ¢ Lenbio HCNOb30BaHKWA B BO3AY-
xoouncrutenax anbo ana o6paboTKH cenbeKo-
XO3ANCTBEHHBIX YIOAHH.

Peryamposatne pH H AByXKOMMOHEHT
tible HeaHanopHble HALTPDI

QcBeTaeHHbIC CONOHOBATLIE BOABLI H3 OCBET-
aNTenen rnoAAloTCA No TpybaM, KOTopbie Hasbl-
BAIOT (OTKAMH, B ABYXKOMMOHEHTHble Oe3Ha-
noptbie GrnbTpbl. HenocpeacrtseHHo nepea no-
CTYIMeHHeM oAbl B PHALTP nokazarens phH
BOAbl CHHMaeTCa ¢ 10 4o 7,5 npH nomollH ao-
HGannetna cepHoH KHcaoTol. CepHas KHCaoTa
NPENATCTBYET 0OpazoBaHHIo KapboHaTa Kanb-
UHA, KOTOPbIH MOKET 3a0HTb Nopbl (HALTPA.
1ByXKOMNOHEHTHbIE BHABTPLI COCTOAT H3 28
HABTYIOWIHX AYEEK, BINOMHEHHbIX H3 MEAKo-
3EPHHUCTOTO MecKka W aHTpaunta. JTH HALT-
pytotllne AYEHKH yaanAloT H3 CONOHOBATON BO-
Abl OYeHb MeNKHe 4acTHUbl. Kamanana A4veHKa
HMeEeT [POH3BOANTENBHOCTb NPHOAH3HTENBHO
13,5 MaH.n (3,6 MAH. ranNOHOB) BOAbl B CYTKH.
AYeHKH NeprHoaArvecKH OYHWLAKTCA NpH no-
MOILH OOpaTHOH NMPOMbIBKH.

suspended particles to the bottom of the
reactors. Additional lime and ferric sulfate may
be added at the center of each reactor.

Sludge Thickener and Disposal Site

The sludge in the solid contact reactors
is scraped to the center and moved to the
siudge thickener. The sludge thickener concen-
trates the sludge futher by settling. Pumps force
the concentrated sludge through the under-
ground pipeline to evaporation ponds at the
disposal site. The disposal site is located at
35 kilometers (22 miles) southeast of the
desalting plant. When the evaporation ponds
are filled with sludge, the sludge may de eit-
her allowed to dry and then covered with
soil to blend into desert landscape, or recycled
for use in air pollution scrubbers or for
agricultural soil treatment.

pH Control and Dual Media Gravity
Filters

Clarified saline water flows from the solids
contact reactors. -through pipes called laun-
ders to the dual media gravity filters. Just be-
fore the water enters the dual gravity filters,
the pH of the water is reduced from 10 to 7.5
by the addition of the sulfuric acid. The suifuric
acid prevents the formation of calcium carbon-
ate, which would plug the filters, The dual
media filter consist of the 28 filter cells
costructed from the fine sand and anthracite
coal. The cells remove very fine suspended
particles from the saline water. Fach cell is
capable of filtering about 13.5 million liters
(3.6 million gallons) of water per day. The cells
are periodically cleaned by backwashing.
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PesepByap 4HHCTOH BO/IbI H CHIOC AGA
xpanexmna F'MadH

OT¢HabTpOBaHHAA CONOHOBATAA BOAA MOC-
TYNAET C ABYXKOMMOHEHTHBLIX (HUALTPOB B pe-
3epByap YHCTOH BOAbl. Pe3epByap YHCTOH BOAbI
npeacTabnAeT CoOOOH KPYMHbIA  MOA3EMHbIA
GeTOHHBIA pe3epByap eMKOCTbio 13,5 MaH.a
(3,6 MaH. raaaoHos). Ha aToh cragHH noAro-
TOBKH BOAbl B Hee MOMeT ObiTh BHECEHO
AOTIONHHUTENBHOE KONHYECTBO XA0pa, eC(H eCTh
Heo0X0AHMOCTh B NOAABAEHNH Pa3sBHTHA MHK-
poopraHMsMoB H Bogopocnern. B Ka4ecTse
yMAruMTeNR BoAbl B Hee A00ABAAIOT reKcaMe-
tagocar Harpua (TMPH). B pesyabTare aroro
nokasarenb pH gosogHtca ao 5,5. Aro agena-
ercd C Ueabio npeaoTBpalleHna obpazoBaHHA
ocadka Ha ONpecHHTeabHbIX MeMmOpanax OO.
PeryanposatHe Bennuritbl pH ABAsAeTCA O4€Hb
BAXXHbIM MOMEHTOM, MMOCKOAbKY NpH MOBbllLIE-
Hun pH ceBepx 5,5 Ha MemOpaHax MoOXeT
06pa3oBbIBATLCA OCAAOK, a MpPH AanbHERIEM
CHHKeHHH pH HHxe 5,5 MOXKeT npoH30ATH
nospexaeHHe MemopaH.

fexnopripoBatine

[lo nepesoHavyanbHOMY NPOEKTY npeanonara-
10Cb CHH3HTb CoAepKaHHe CBOGOAHOro Xnopa
B Boae A0 0,3 Mr/a 3a cqer qobaBneHHA B BOAY
ABYOKHCH Cepbl HeNOCPeACTBEHHO fepea TeM,

Kak CconoHoBaTas Boda OyaeT nogaHa Ha

YCTAHOBKY 0OpaTHOro 0cMoca, NoCKOAbKY CBO-
GoAHbIA X10pP MOXET HeDnaronpHATHO BO3AEH-
CTBOBATh Ha MeMOpaHy M NPHBECTH K CHHXe-
HHIO ee CpoKa cayx6bl. OaHaKo nposeaeHHble
nosgHee MccaeaoBaHHA Nokazanr, 4to Gonee
yaadHbiM pellenneM Oyaer mnpeobpasosaHHe
cBOOOAHOTO X(I0PA B X(1OPaMHH C HCNONb30Ba-
Hriem cynbdata aMmona (Suemoto et al, 1993).
X1OpaMHH ABNAETCA MeHee arpecCHBHBIM 10
OTHOLUEHHIO K Marephany MemOpaHbi, YeMm
cB0obOAHbLIH XAQP, H B TOXKE BPEMA CAYMHT
npeKkpacHbiM cpeacTBoM 60pbObl C pasBHTEM
BoAopocaen H GakrepH#t B MeMOpaHHbIX 3ane-
MEHTaXx.

ONPECHHUTEMBbHAA CTAHLIHA

BblOOKOHanOprle HACOCh!

BblcOKOHAMoOpHble Hacochkl pe3epByapa HHC-
TOH BOAbl HArHETAIOT BOAY HA ONPECHHTENbHYIO
YCTAHOBKY rnoga AasneHdeM B cpeaHem 2500 Klla

Clearwell and SHMP Silos

The filtered saline water flows from the
dual media filters to the clearwell. The clearwell
is a large undeground concrete storage tank
that holds 13.5 villion liters (3.6 million gallons)
of water. Additional chlorine may be added
at this stage if needed to stop the growth of
micro-organisms and algae. SHMP (sodium
hexametaphosphate) is added at the water
as antiscalant and the pH adjusted to 5.5 to
prevent scale buildup in the RO desalting
membranes. The pH adjustment is critical as
scale may form on the membranes if the pH
rises above 5.5, and if pH drops below 5.5, the
membranes may be damaged.

Dechlorination

The original project called for reduction of
the chlorination to 0.5 mg/L free chlorine by
adding sulfur dioxide just before the feedwater
was introduced to the reverse. osmosis unit,,
as free chlorine may attack the membranes and
reduce their service life. Subsequent research
indicated it is more benefitial to contrjk the free
chlorine by converting free chlorine to chlo-
ramine using ammonium sulfate (Suemoto et al,
1993). Chloramine is less aggressive towards
membranes than free chlorine and serves as
a biocide to prevent mold and bacteria from
growing in the membrane units.

DESALTING PLANT

High pressure pumps

High pressure pumps at the clearwell deliver
water to the desalting plant at the everage
pressure of 2300 kilopascals (362 psi). The
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(362 dyHT/KB.AIOAM), 3aTPaTbl HA 2HEPTHIO NPH
SKCIIyaTaltn ONpPEeCHHTENbHON CTAHUWH B OC-
HOBHOM HAYT HMEHHO Ha MpHBEAEHHE B AEHCT-
BHE 3THX BbICOKOHAMOPHbIX HACOCOB.

OfnipecHHTensHan CTAHLHA

[loaroroBneHHana coaoHoBaTadA BoAa Noaa-
€TC B HamNopHblH pe3epByap oA AaBieHHEM
2500 klla (362 pYyHT/KB.4lOHM),

OnpecHHTeabHaR CTAHLHMA BKAKOYAET NpH-
H6ansurenbHo 9000 cnvpanbHbIX MeMOpaHHbIX
31eMeHTOB, KOTOpPbIe BblyCKAIOTCA ABYMA ame-
pHKAHCKHMH dupmamn. Ha craHunH HMeeTcA
npubansnrensHo 1700  CTeKAONNACTHKOBbIX
HanopHbIX pe3eppyapos. f[laHHAa HanopHoro
pesepsyapa cocrasafeT npubausntenbHo 7 M
(23 d¢yrta). Bonbwine HanopHble pesepsByapbl
HMeloT anameTp npubnnusnTenbHo 32 cm (13
AIOHMOB), a Manble HaMopHble pe3epByapbl
HMEIOT AHaMeTp MpHONM3HTENbHO 22 CAaHTHMET-
pa (8,5 nonmMoB).

Mocne 3aBeplueHHA MNpoLecca OfipecHeHNA
CTOUYHAA BOAA MOA AABAEHHEM NOAAETCA AAA
YTHAH3ALHH €€ JHEpPrHH Ha creyranbHylo ycTa-
HOBKY, pa3MelleHHYI0 Heaaneko OT BbICOKOHA-
MopHbIX Hacocos. [TOTOK aBHAKYLIEHCA ¢ Bonb-
1IO#1 CKOPOCTBIO BO/AbI NPHBOAHT BO BpalleHHe
TypOHHb! YCTAHOBKH 110 YTHAH3ALHKH 2HEPrHH
CTOYHOW BOAbI. JTA SHEPryUA HCNoNb3yerca ANA
NHTAHHA BbICOKOHATNOPHBIX HACOCOB, YTO MO3-
BONAET CHH3HThb OOWIHH pacxoa 3HEPrHH H
3aTpaThl Ha ee npHobpertente.

Yactrile Boasl Tpebyerca npubnHarensHo
4,5 uaca, 1ToObl NPOHTH BeChb TEXHOMOrHYECKHA
npoliecc ot 3abopa BOdAbl Hepes ONpeCcHUTenb-
HY!0 YCTAHOBKY A0 MOAYYeHHA NpecHOr BOAbI
(biopo Mearopalinn).

KATTHTANBHDBIE 3ATPATbI H
IRCIIYATALUHOHHbBIE M3AEPHKN

CTOMMOCTb MPOH3BOACTBA NPECHON BOAbl B
3HAYHTENBHON Mepe 3aBHCHT OT crnocoba 3Kc-
nayaTauHHh onpecHHTeAbHOH CTaHUMHY, CTaHUHA
NpeaHa3HayeHa ANA 3KCNAyaTauWH ToabKo B
TAKOM peXinMe, NpH KOTOPOM yAOBAETBOPAIOT-
cA TpeOOBaHHA, YCTAHOBAEHHbIE AAA BOAbl
p.Konopaao. Noatomy nNpeaycMoTpeHa BO3MOXK-
HOCTb PaBOTbI CTaHUMM B pasHble nepHoAbl
BpeMeHH nHOO ¢ NONHOH Harpy3koH, anbo c
NOHHKEeHHOH. FIpH onpeaeneHHbIX 0OCcTOATENb-
CTBaX CTAHUHA MoxeT ObITb 3aKpbiTa Ha NepHoA
NPOAOMIKHTENBHOCTHIO A0 HECKONbKHX neT. B
nepHoabl NPOCTOA, TEM He MeHee, HeoDX0ANMO
HeCTH HEKOTOPbIE 3KCTYyaTallHOHHbIE 3aTpaTbl.

energy cost for running the plant are largely
for operating the high pressure water pumps.

Desalting plant

The treated saline water is introduced
into the pressure vessels at the pressure of
2500 kilopascals (362 psi).

The desalting plant contains about 9000
wound membrane elements produced by two
U.S. membrane manufacturers.The plant has
about 1700 fiberglass pressure vessels. The
length of the pressure vessels is about 7 meters
(23 feet). The larger vessels have a diameter
of about 32 centimeters (13 inches) and the
smaller pressure vessels have a diameter of
about 22 centimeters (8.5 inches).

After passing through the desalting process,
a stream of pressurized reject water is sent
through energy recovery units on the high
pressure pumps. The stream of fast moving
water turns turbines of the energy recovery
units and powers the pumps. This helps reduce
overall energy consumption and costs.

It takes about 4 1/2 hours for a unit of water
to travel from the intake through the plant to
the disch

arge as desalted water (Bureau of Reclama-
tion),

PLANT COSTS

The cost of producing desalted water
depends greatly on the manner in which the
plant is operated. The plant is intended to
operate only as needed to meet the Colo-
rado River quality requirement, and may be
operated at full or reduced capacity intermit-
tentlly. Under some circumstances, the plant
could be shut down for periods of several years.
A certain amount of plant operation and
maintanance costs would incurred during
periods of shut down.

Including construction and capital amortiza-
tion costs, and estimated operation expenses,
it has been estimated that it would cost about
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C y4eTOM AaMOPTH3ALHOHHBIX OTYHCAEHHH
Ha CcTponTenbHble paboTbi H KanHTanbHble
BIOKEHHA, @ TAKKE C Y4eTOM npeanoaarae-
MbIX 3KCIAYaTaUHOHHbIX H3AEPKEK, MOoaHble
3arparbl Ha JKCMAyaTauHio CTaHUMH MPH pa-
6oTe B HENpepbIBHOM peXHMe MpH NOAHOH
Harpyske cocraBaT 48 maH.gona, CIIA wH3
pacueTa Ha roga, OCHOBbIBAACH Ha NepBOHAYAb-
HbIX MPOEKTHLIX NpopaboTKax M sKcnIyaraluy-
OHHbIX TpeOOBaHHAX, 3Ta OLEHKa NMOKa3bIBaET,
YTO MPOM3BOAMTENBHOCTh CTAHUHH COCTABHT
78500 akpo-¢pyToB Han 94 MaH.Ky6.M npecHon
BOAbI B MO/ NMPH CTOMMOCTH OAHOTO akpo-dyra
npecHol Boabl NpHbananTeabHo 610 aonn.
(0,0018 ponaa./rannoH nan 0,0003 goaa./a)
(CH2M Hill 1995).

KanutanbHbie BAOXKEHHA B KOMMOHEHTDI
I00C (cM. Taba. 1) pacnpeaenAloTca CneayoLHM
obpazom : 3emaa H 6naroycTporcTBO — NpHON K-
3uTenbHO 5 %; CTAHUHA NOATOTOBKH BOAbl —
16%; craHuHMA oOnpecHeHnA Bodbl - 49%
(BKmo4aa npuOAHM3HTENbHO 2% Ha HACOCHI):
membparbl OO0 -~ 21% (Bkmwo4ad npnbanzn-
Tenbho 1% Ha 3anacHbie MeMOpaHbl H XpaHwu-
(Hlle 3anacHbiX MemOpaH) 9% — Ha obopyao-
BaHHe H COOPYXeHHA AMA yaaneHHd H 3axopo-
HEHHA Wnama,

JKCryaTalHoOHHbIe M3AEPKKH OUeHHBaKOT-
ca npubansvTenbHO Ha ypoBHe 17 MaH. gona.
8 roa npu pabore Ha 1/3 NONHOM MOWIHOCTH
N Ha ypoBHe mnpubnranTenbHo 26 maH. aoan.
B roa npH paboTe CTAHUHH Ha MONHYIO MOLL-
Hoctk (CHZMHill 1993). B HAaCTOALUIHA MOMEHT
3KcnayaraluHOHHble H3Aep2&KKH NpH paboTe Ha
NOIHYK MOIIHOCTL OUEHHBAIOTCA B 25,7 MAH.
Aona. B rod, a B 6yaylulem oXHAaeTCA HX POCT
[0 32 MaAH.A0an. BCAeACTBHE pocTa UeH w
yAOPOMaHHA yaaneHuns ilinama.

Packnagka oxHAaaembIX 3SKCnayaTauHoH-
HbIX H3/epaek NpHBoAHTCA B Tabn.2, B aToH
Tabnnue npuBegeHbl pacxodbl Ha 3KChaya-
Tauuio CTaHUuH, 3aMeHy W MOAepHH3ALHIO
00OpYAOBAHHA, pacXoayeMble MaTepHallbl H
3HEPrHio, A TaKXe HA yjaneHHe wnamMa B
NpoueHTax oT obluen CyMMbl 3KCnayaTalHoH-
HbIX H3A0€pHKeK.

CroHMoOCTb H CpPOK cayxObl MembpaH ABNA-
I0TCA  BaXHbIMH ¢aKTopaMH B CTOHMOCTH
OlpecHHTenbHOH ycraHoBKH OO0 H nw6oe CHH-
MeHHe X CTOMMOCTH WaH yBeMHYeHHe CpoKa
cayxbbl MpHBEAYT K CYIECTBEHHOMY NOBbiilie-
“HHI0 9KOHOMHYECKOH 9P PeKTHBHOCTH YCTAHOB-
KH obpatHoro ocmoca. Ha gomiwo MemGpan
nprxoanTca npubansntensto 20% KanHranb-

$48 million to run the plant at full capacity
under continuous operation conditions for one
year. Based on the original design assump-
tions and operational criteria, this estimate
indicates the plant would produce 78,500 acre-
ft. or (94 x 10% m3) of desalted water at a cost
of about $ 610/acre-ft. ($ 0.0018/gallon or
0.0005/liter) (CH2MHill 1993).

The capital costs for the components of the
YDF (see Table 1) are broken down into
approximately 5% for land and improvements,
16% for the pretreatment plant, 49% for the
desalting plant (includes about 2% for pumps),
21% for reverse osmosis membranes (inclu-
des spare membranes and about 1% for
membrane storage facilities), and 9% for sludge
handling and disposal facilities.

Operating costs are estimated at about
$17 million per year for operation at 1/3
capacity, and $26 million per year at full
capacity (CHZMHill 1993). The current plans for
the plant are to operate at 1/3 capacity. The
operating costs at full capacity are estimated
at $25.7 million per year at present time, and
in the future the costs are expected to incre-
ase to about $32 million per year, due to
anticipated cost increase in the cost of sludge
removal.

A breakdown of the estimated operating
costs is given in Table 2, The Table shows
estimated costs for plant operations, equipment
replacement and modification, membranes,
expendable supplies and power, and sludge
disposal as a percentage of the total opera-
ting costs.

The cost and service life of membranes
are a significant factor in the cost of a RO

plant, and any reduction in cost or improve-

ment in service life will greatly improve the
economic feasibility of a RO plant. Membranes
represent about 20% of the capital investment
cost of the YDP and from 10 to 20% of the
operating costs for the plant. The total cost
for installed. membranes for - full capacity
operation are $18 million. Based on 3-year life
expectancy, replacement costs wuold amount
to $6 million annually under full capacity
operation. The current trend in membrane
prices is downward, and the present instal-
led cost of membrane for YDP has now dropped
to an estimated $9.5 million.
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HbIX BaoeHHH B 10OC n ot 10 go 20 % akc-
nayaTalHOHHBIX H3aepxKeK cTaHuud., OOwas
CTOMMOCTb YCTaHOBNEHHbIX MeMbpaH npH pa-
foTe Ha MOMHYK MOWHOCTbL cocTaBaser 18
MAH.A000. OCHOBbIBAACH HA 3—-1€THEM OXKHAA-
€MOM cpoKe cayxObl MeMOpaH pacxoabl Ha HX
3aMeHy npH paboTe Ha NONHYIO MOWHOCTb MOTYT
ocTaBHTh 6 MaH.A0NA. B roa. B Hacrosllee
BpeMa HabmoaaeTCA TeHAEHUHA K CHHKEHHIO
eH Ha MeMOpaHbl Y TeKyLlaa CTOHMOCTb yCTa-
HOBNEHHbIX MeMOpaH K HACTOALIEMY MOMEHTY
ynada H oueHHBaerca B 9,5 maH.aona..

HCCAEAOBAHHE MPOLIECCA
OBPATHOT'O OCMOCA

MHOro BHMMaHHA yaenAeTCA CHHKEHHIO CTo-
HMOCTH MemOpaH. OxHaaeTCA, 4YTo B OyaylleMm
HMX CTOMMOCTh OyaeT cHxaroca. ([anbHew-
liee ymeHbileHHe 3aTpaT Ha MeMOpaHbl MOXeT
ObITh AOCTHFHYTO 3a c4eT paspaboTkn Bonee
AelleBbIX KOMMNO3HLHOHHLIX MeMOpaH, 3a cyer
YBEHUYEHHA HX CPOKa CAyxObl MyTem yMeHb-
WeHNA NoKa3aTenAa yaaneHna conel ¢ 98% ao
96% n 3a CueT CHHXKeHHA nokasateaa phl
nocCTynatwoulen Boabl ¢ 5,5 0o 4,8, 4TO CHH3HT
aerpaaalmio membpaH BCAeACTBHE IMAPONH3a
(CH2M Hill).

YcHana necneaopatene# OblAW HanpasaeHbl
Ha Oopwby ¢ 3akynopkon nop membpaH, Ha
rnpeaoTspallieHHe aerpagauHH MemOpH H Ha
cnocobax xpaHeHna MempaH OO (Suemoto et
al, 1993). 3akynopka nop memOpaH, oco6eHHO
BbI3bIBAEMAA OpraHHuecKHMH K OHonorkH4yec-
KHMH MPHYHHAMH, ABNAETCA npobneMoH o06-
weH /104 BCeH NpomblaeHHoctH (Gagnon et
al, 1993). Ha nosepxHoctn membpaH Mo-
ryT akKyMyaHpOBaTbCA KOANOHAHBIE 4aCTHLbI,
OKHCABI
NeKynbl W APyrye BeIUeCTBa, YTO MOXET [pH-
BECTH K 3aMeAneHHId TNpocavrBaHHA  BOAbI
qyepes MemOpaty. _

Ouncrtka Membpan - paccMaTrprBanach Kak
pPyTHHHAA npolleaypa fpH 3KcnnyarauHH ycra-
HoBKkH OQ, oaHako OblNO YCTAHOBEHO, “TO
ana ycnosH QOC B 3TOM npakTHHECKH He
6b1010 He0OXOAHMOCTH. ITO O6BACHAETCA BbICO-
KHM KauyeCTBOM MOArOTOBKH BOAbL, NOCTYMNalo-
wer Ha DOC anA onpecHedHa. bbiio yCcTaHOB-
neHo, 4To bonee BaxHbIM ABNAETCA ocnabnerHe
TEHACHUHH K 3aKynopke nop Membpat A0 TOro,
Kak 3To [pHBEAET K BO3HHKHOBEHHIO Cepbes-
HOH nNpobBaeMbl, YeM NbITATBCA OUHCTHTL H
NpPOMbITh MeMOpaHy nocne TOTO, Kak oHa yxe
3acopHnach. O4YHCTKA He ABNAETCA XOPOLIHM

METanNQB, OpraHHleCkHe MAKpOMO-

RO RESEARCH

Much attention has been directed towards
the reduction of membrane costs., Membrane
prices are expected to be lower in future. Fut-
her price reduction may be realized through
the development of less expensive compo-
site membranes, through prolonging the ser-
vice life of membranes by lowering the salt
rejection criteria from 98% to 96%, and by
lowering the feedwaterpH from 5.5 to 4.8 which
would reduce membrane deterioration from
hedrolysis {(CH2M Hill).

Research efforts have been directed to-
wards combatting membrane fouling, preven-
ting degradation of membranes, and storage
of RO membranes (Suemoto et al, 1993),
Fouling of membranes, especially from organic
and bioiogical causes, is oxides, organic
macromolecules, and other substances may
acccumulate on membrane surfaces and hinder
the flow of water through the membrane.

Membrane cleaning has been thought to
be a routine requirement for a RO plant
operations, but has not been found to be
‘necessary at YDP. This is because of the rat-
her extensive feedwater pretreatment at
YDP. It has been found to be more important
to reduce the tendancy for fouling before it
comes a problem, than to attempt to backf
lush and clean the membranes after they
have become fouled. Cleaning is not a par
ticulary good solution since it is only parti-
ally effective, usually offers only temporary
relief, and cleaning chemicals may damage
membranes.

Membrane tests conducted on the site
before YDP was built revealed a potential
problem with membrane fouling and a con-
sequent decline in the flow of product water.
This was found to be caused mostly by fou-
ling from suspended particles, and to a les-
ser extent from contamination by organics and
membrane compaction. The dual media fil-
tration treatment was found to be effective
in reducing fouling. Later tests have shown
only a slight long term reduction in product
water flow within the manufacturer’'s projec-
tions. More recently research is being conduct-
ed on the use of ultrafiltration to remove
colloidal particles.An ultrafiltration unit has
been addeed to the Test Train and is being
studied for possible inclusion in the feedwa-
ter pretreatment system.
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BbIXOAOM M3 TAKOH CHTYallMH, NMOCKObKY OHa
AAeT AHLLb HYacTHYHLIA 3¢ deKT, NpHBOAA (HILb
K KpaTKoBpeMeHHOMY YAY4lleHHIO, a HCMOfb-
3yeMble IpH 3TOM XHMHYeCKHe YHCTALIHE Be-
WeCTBa MOTYT MOBpeAHTh MeMOpaHy.

Hcenepnosawna MeMOpaH, KOTOpbie MpOBO-
AHOHCh HENOCpPeACTBEHHO Ha MeCTe CTpOH-
TenbHOH naowaakH I00C ao ee MOCTPOHKH,
NoKasalH, 4YTOo MOryT BO3HHKHYTb NpoGneMbl
BCNeACTBHE 3aKyNOpKH Nop MeMOpaH K nocae-
AyloLlero CHHAKEHHA pacxoga ONMpecHAEMON
BOAbl, MpocavyHBaiolledca 4epe3 membOpaHy.
BbI0 yCTAHOBAEHO, YTO 3TO MNPOHCXOAHT I(aB-
HbIM 06pa3OM 3a CHET 3aKyNopKH Nop B3BelleH-
HbIMH YACTHLUAMH H, B MeHblIeH CTerneHH, 3a
CYeT 3arpA3HeHHA OpraHH4eCKHMH BellecTt-
BaMH M(H YINIOTHEHHA caMOH MeMOpatbl. Bbino
yCTaHOBAEHO, YTO (PHABTPOBAHHE HA ABYXKOM-
NMOHeHTHbIX ¢(HNbTPaX BecbMa 3(PEPeKTHBHO
yMeHbLUaeT OMacHOCTb 3aKyNMopKH rnop Mem6-
paH. [lpoBedeHHble Mo3gHee HCCNeAOBAHHA
MoKasafl (Hillb He3Ha4HTeNbHOE CHHMKEHHe
pacxoda onpecHAeMoH BoAbl Hepes MeMbpaHbl,
KaK H oxuaan npoussoaxrens, HeaasHo npo-
BeJeHHbl HNCCNeAOBaHHA MO HCNOB3OBAHHIO
yapTpaHAbTpaUHH ANA YAANeHHA KON1oH/l-
HBIX 4YacTHu. YabTpadHdbTpoBanbHas ycra-
HOBKa Oblna CMOHTHpoBaHa Ha Y4eOHO-HCIbI-
TaTebHON CTaHUHH H HCCneayeTCA Ha BO3MOX-
HOCTb BKAIOMEHHA B COCTAB CHCTEMbl A0A
NnoAroToOBKH BOABI.

Mockonbky MeMOpaHbl MnogBepMKeHbl 3aKy-
nopke, NoAroToOBKa BOAb!I CTAHOBHTCA YPe3Bbl-
4YaHHO BaKHbIM AenoM. [10 3TOH NpHYHHE BaxK-
HbIM CTAHOBHTCA H MOHHTOPHHF Ka4ecTBa
BO/bl, NMOCTYNAIOLIEH HA ONPeCHHTENbHYIO CTaH-
uro. OgHako CKOpPOCTb CHHKeHHA pacxosa
BO/bI Yepe3 meMOpaHbl BCNeACTBHE 3aKyNOpPKH
nop ob6blMHO BecbMa Mana H exeHeBHbIH
MOHHTOPHHT Ka4eCTBa BOAbl Mano, YTO MOMET
AATb ANA IKCNyaTaUHH CHCTEMbl NOANOTOBKH
BOAbl. B 3TOH CBA3H CTAHOBATCA BaXKHBIMH
HeAOPOTrHe CPeaACTBa OMepPaTHBHOIO H3MepeHHA
OMacHOCTH 3aKYNopKkH mnop memOpaH. OnbiT
3KCnnayTailMd nokasan, 4to oObluHble Me-
TOAbI HCCNEAOBAHHA Ka4ecTBa BOAbI, HaNpHMep
H3MepeHHe ee MYTHOCTH, He obecne4npalor
HaaeKHOH HHAMKAUMH BO3HHKHOBEHHA orac-
HOCTH 3aKynopku nop. Hanbonee mroroobeiua-
OUHMH B 3TOM TAaHe HABAAIOTCA MeTOAbl
onpeaenedna KoaddruventTa 3aKynopkH HaH
- NoKazatenA INMOTHOCTH Haa. HcnbiTaHua MNpH
3TOM 3aKAK4AIOTCA B Nogaye HccnegyeMon
BOAbl MpPH MNOCTOAHHOM AABleHHH Ha MeM6-
paHHbIH (HALTP H B H3MEpPeHHH CHHXKeHHA

As the RO membranes are susceptible
to fouling, pretreatment of feedwater has
become very important. Consequently, it has
become very important to monitor the qua-

lity of the feedwater. However, the rate of

decline in RO performance from membrane
fouling is generally very gradual and much
too slight to be used as a day-to-day guide
for pretreatment operation. A rapid, inexpen-
sive means to measure the potential for fou-
ling has become very important. Experience
has shown that the custimary water quality
tests, such as turbidity do not give a good
indication of the tendency for membrane
fouling. The most promising test appears to be
plugging factor or silt density index tests. The
test consists of feeding a water sample at
constant pressure through a membrane filter,
and measuring the decrease in filter flow ver-
sus time to determine a filter plugging rate.
An automated procedure has been develo-
ped (Kaakinen et al 1994).

Tests have shown a potential problem
with membrane degradation as indicated by
a fairly rapid increase in salt passage after
30 to 130 hours of operation (Suemoto et
al 1993). Studies revealed the formation of
holes along the brine channel spacer in the
lead membranes. The probable cause for the
formation of the holes appears to be free
chlorine, At this time, sulfur dioxide was
being used in dechlorination process. Subse-
quent tests indicated that the free chlorine
could be more effectively controled by using
ammonium sufate instead of sulfur dioxide,
as the ammonium sulfate converts chlorine
into chloramine. The use of chloramine as a
disinfectant eliminated the membrane degra-
dation problem.

The successful operation of a high-purity
RO plant requires a periodic membrane main-
tenance program to prevent or minimize mem-
brane fouling and degradation. Studies else-
where have indicated that scale prevention
is important for long-term efficient operation
of RO plants, and that water softening or use
of acid and scale inhibitor are good ways
to prevent scale formation within the RO units,
Some invectigators have recommended low
pressure membrane cleaning using a low pH
citric acid flush and high pH flush using
ammonium hydroxide and a detergent (Gag-
non et al 1993).
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pacxoaa Boabl Yepes Hero Bo BpeMeHH. Taknm
0o6pa3oM orpeaenAeTca CKOpPOCTh 3aKyNOpKH
nop. Beina paspaboraHa aBTOMaTH3HPOBAHHAA
cHCTeMa NpoBeAEeHHA TaKMX HCCneqoBaHHi
(kaakinen et al 1994).

HccaeaoBaHHA MoOKasanH BO3MOMKHOCTH BO3-
HHKHOBEHHA NpobaeM, CBA3aHHbIX ¢ Aerpaja-
uren MeMbpaH, Ha YTO yKasblBaeT ObICTPbIH
POCT KOAHYECTBO COMH, NPOHNKAOILEN CKBO3b
MeMOpaHy, KOTOPbifi HAYHHAeTCA CNyCTs OT
30 no 130 uyacoB nocae Havana HCNbLITAHHA
(Suemoto et al 1993). Mpu HcnbiTaHUAX OOHa-
pyX&unocs obpasoBatiHe AbIpOK B paboqnx
meMbpaHax BAONL CAOA, pachpeaensiolero
coneHylo Bogdy. lpeacraBaferca, 4YTO BO3MOX-
HOH MPH4YHMHON ODpa30BaHHA AbIPOK ABNAETCA
AKTHBHLIA Xaop. B 3To BpeMA ANA AeXAOPH-
pOBaHHA BO/bI MCNONb3OBANACHh ABYOKHCH CEpPbI.

locneayiolune HCCNEAOBAHWA TOKA3anH, HTO |

C aKTHBHbIM X(AOpPOM MOMXHO 3(PPEKTHBHO
B6OpPOTHCA NpH MOMOWH cyabdara aMMOHHA
BMECTO fIBYOKHCH Cepbl, MOCKOAbKY Cynbdar
AMMOHHA CBA3bIBAET AKTHBHbIH XAOp B BHAE
xaopamuHa. Hcronb3oBaHHe xnoOpaMHHa B Ka-
vecTBe Ae3nHPHUHpYOUlero cpeacrBa ycTpa-
HAeT npobaembl, CBA3AHHbIE C aerpagauHer
MeMOpaH.

YcnelwHaa 3KkcnnyaTauda CTaHUMH BbICOKO-
KaueCTBEeHHOro onpecHeHna BoAb! MPH NMOMOLLH
npouecca QO TpebyerT peanH3aunH nporpam-
Mbl MepHoandeckoro obcaymHBaHnA MembpaH
AR NpeaOTBPALLEHHA HAH MHHHUMH3AUHH 3aKy~
nopkx nop MemBpan K nx agerpasauuy,. fpose-
/IEHHbIE BO MHOTHX MeCTax HCCAeAOBaHHA MO~
Kasann, 4TO TnpegoTBpalleHne obpaszoBaHui
ocaaKka ABAAETCA BaXHbiM B Aene obecnevenHna
ganTtensHOH 3PPEKTHBHON 3KCNNyaTaUNH yCTa-
HoBOK OO H 4YTO HaaeXHbIMH CnocodamH Ao
CTHIKEHHA I3TOrO ABNAIOTCA YMATYEHHE BOAbI
HAH HCNONb30BAHHE KHCAOT H HHrHOHTOPOB
ocankoobpaszoBannsa. HekoTtopble Hccneaosa-
TeNH peKOMEHAYIOT HH3KOHAMOPHYIO NMPOMbIBKY
mMeMOpaH ¢ HCNoNb3OBaHHEM NHMOHHOW KHC-
NOTbl, HMEIOUIEH Manbie 3navenusa pH, n npo-
MBIBKY C HCMONB3OBAHHEM MOIOUIHX CpeacTB H
rHAPOOKHCH aMMOHHA, HMeloLLIEeH HoabLIoF Mno-
Ka3ateas pH (Gagnon et al 1993).

XpaHeHnio MeMOpaH CaeayeT yaeauTs Gonb-
Woe BHHMaHWe NPpH 3KCNayaTauuH CTaHUHH,
BKNIOYaA Kak XpaHeHHe 3anacHbiXx MemOpaH,
Tak W coxpaHeHHe pabounx mMeMOpaH B neph-
O4bl NPOCTOA CTaHuHH. [pH 3TOM BaXHO npa-
BHNABHO BbIOpaTh KOHCepBaHT ANA MeMmOpaH.
KoHcepBaHT aomKeH MHHHMH3HPOBaTh rUApo-
an3 meMOpaH NpH HX XPaHeHHW H NMpeaoTBpa-

Membrane storage is an important conside-
ration in the operation of the plant, both
in regards for the storage of spare membra-
nes and for times when the plant is not
being operated. The selection of a memb-
rane preservative is important. The preserva-
tive is intended to minimize hydrolysis of
the membrane during storage and to pre-
vent the growth of microorganisms that could
attack the membranes. Formaldehyde is a very
ef-fective preservative for membranes as it
meets these requirements very welil, but has
been declared a carcinogen by the Occcupation-
al Safety and Health Administration and is
therefore considered inappropriate for use at
YDP. Formaldehyde also presents some difficult
disposal problems. A number of chemicals
have been investigated for use as biocides
at YDP, and sodium bisulfite, a proprietary
mixture of hydrogen peroxide and peracetic
acid, and sodium dichloroisocyanurate appear
promising (Rowley 1993), At the present time,
a 0.1% glutaraldehyde solution is used as a
preservative (Suemoto et al 1993).

As sludge disposal will become an additio-
nal cost in the future, research on reducing
cost of sludge disposal has been directed
in several directions. Researh is being conduc-
ted to increase evaporation pond rates and
dry sludge densities to reduce the cost of
construction of more evaporation ponds. Recal-
cination and recycling the sludge has also
been studied. Recycling apprears feasible as
estimated costs for recalcination and recyc-
ling are approximatelly US $70 per metric ton
versus cost of US $100 for lime. Futher studies
are planned using a I-ton per day sludge
calciner (Suemoto et al 1993).
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THUTb pasBHTHE MHKPOOPraHH3MOB, KOTOpbIE
MOTYT oKa3aTb HebaaronpHATHoE BO3AEHCTBHE
Ha MeMbpaHbl. BecbMa 3¢ PeKTHBHLIM KOHCEp-
BaHTOM Ana MemOpaH apndercAa dopmanbae-
rHA, MOCKOAbKY OH XOpOLWO YyA0BAETBOPAET
3THM TpedoBaHHAM, OAHAKO YNpasieHHe npo-
¢deccHoHanbHO# HesonacHOCTH H 3ApaBooXpa-
HeHHA [MPH3HAN0 ero KaHUeporeHHbIM Beule-
CTBOM, TNO3TOMY ero nphMeneHne Ha I0O0C
6b1n0 NpHU3HAHO HenpHemnembiM. Kpome Toro,
yaaneHHe dopmanbaeriaa CBA3aHo ¢ onpeje-
AeHHbIMH Npobnemamy. [as  HCNONb3OBAHHA
B KadecTBe OGHouraa Ha KOOC 6binH Hccneno-
BaHb! HEKOTOPbIE XHMHU1eCKkHe Bellecrsa. Han-
6oaee muoroobew@awWMH OblAH  MPH3HAHDI
éucynsHT HaTpHA, onpeagaeHHadA CMecCh [ie-
PHKHCH BOAOPOA4a H NEPYKCYCHOH KHCMOThI, a
TakMxe AHXnopH3ouHaHat HatpHa (Rowly 1993).
B HacroAllee BpeMA B KauyecTBe KOHCepBa-
Hta Hernoabsyetcda 0,1 %-HbIH pacTBop rayrapo-
BOro aabgertaa (Suemoto et al 1993).
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Kling, «Membranes: Case Study - Reverse
Osmosis Problems», Ultrapure Water, v.10 n.3,
Oct. 1993.

TABNLUA 1. MpuGansnTeabHasa packnanka CTOHMOCTH
oTAENbHbIX KOMNOHEHTOB IOMCKOH ONpeCcHHUTENbHOH

CTAaHUHH B MPOUEHTax OT OOLIeR CyMMbl

KOMMOHEHT MpoueHt croumoctn  10OC

Semnﬁ, noabe3AHbIE TyTH, BCNIOMOTATENbHbLE

COOPYX€eHHA, BOAOCHaOMeHHe H KenesHoao-

poHble MyTH H T.A. 5
CHcTema MoaroTOBKH BOAbI 16
OnpecHHTenbHaR cTaHUNA47

Hacocbl 2
Membpanbl 20
XpaHeHHe MeMOpaH 1
CHcreMa yganeHHa M 3aXOpoHeHHs waama 9
Hroro 100
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TABLE 1. Approximate Percentage of Costs for
Component Facilities Yuma Desalting Plant

Component Percentage of YDP Costs

Land, including access,
utilities, service water,
railroads, etc, 5

Pretreatment Plant ' 16

Desalting Plant

Pumps 2
Membranes ' 20
Membrane Storage 1
‘Sludge Handling & Disposal 9
Total 100

TABHLIA 2. OleHKka 3KCnayaTalHOHHBIX H3ePKEK
PacKkaaaka HagepKeKk Ha SKCNAyaTAlHIO OTAedbHbIX
KOMNOHEHTOB IOMCKOH ONpecHUTEbHON CTAaHLHH

KoMnoHeHTb! MpoLEHT OT CyMMBbI 3KCNAyaTaUHOHHbIX H3AepiKek
CTaHLUHH

Tekyuwine ueHbl | Tekywne UeHb! | OKHaaeMble LeHbl
1/3 mowHocTH | Mond. MowH. | MNonHaa mMouHOCTL

JKCnayaraums CTaHUHK 55 - 35 28

3aMeHa H MOoAepHH3aLUHA :
obopyaosaHHA 10 12 9

Membpanbi 15 10 20

Pacxoayembie MaTepHabl,
XHMHYECKHE PEeaKTHBbI H
3Heprua 22 43 : 34

YnaneHne wnama - - 9

Hroro 100 100 100
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TABLE 2. Estimated Operational Costs Breakdown
of Costs for Operation of Plant Components

Yuma Desalting Plant

Operational Percent of Total Estimated Operational Costs
Component
Present Present Future
Costs, Costs, Costs,
1/3 Capacity Full Capacity Full Capacity
Plant Operations 53 35 28
Equipment,
Replacement & Modifications 10 12 9
Membranes 15 10 20
Expendables,
Chemicals &
Power 43 34
Sludge Disposal - - 9
Totals 100 100 100

MocKkonbKky ynaneHne wWanama B OyaylieM
6yner TpeboBaTh AOMOMHHTEAbHBIX 3aTpar,
6biAM NpeANPHHATBI HCCNEAOBAHHA B pa3Hu-
HbIX HaMpaBEHHAX C UEAbI0 CHHMXEHHA 3THX
H3aepXeKk. B 4actHocTH, 6blaHM npoBeaeHsbl
HCCNeAOBaHHA MO YBEAHYE€HHI0O CKOPOCTH HC-
napeHHa BOAbl C [MOBEPXHOCTH NPyAOB-HCMa-
pHTeneH H YBEAHYEHHIO [MOTHOCTH CyXoro
ocagka AnA COKpalleHHA pacxodob Ha Co3aa-
HHE AOMONHHMTENbHBIX TPYAOB-HCMAPHTENEH.
BbinK Hccneaosatibl MpobneMbl peKanbUHHHPO-
BaHHA H MOBTOPHOTO HCMONbL3OBAHHA OCaAKa.
[TfoBTOpHOE HCIONb3OBaHHE OCaAKa OKa3alocCh
9KOHOMHYECKH LIenecoobpasHbiM, NOCKONbKY
OLEHKH 3aTpaT Ha MNoBTOPHOE KanbLHHHPOBA-
HHE H NCNOAb30BaHHE OCaaKa AaloT BeNHYHHY
npuban3zHTensHo pasHylo 70 aonn.CIIA Ha 1 T,
TOrga Kak COBPEMeHHad CTOMMOCTb H3BECTH
cocrasnaet 100 gonn. CllIA. TlnaHHpyloTCA aanb-
HeHlliHe HCCNeAO0BaHHA HCMOAb30BAHHA Kaflb-
UHHaTOpa, HMEIOWEro [fpOH3BOAHTENBHOCTD
I T/cyTkH (Suemoto et al 1993).

4. Lisa Henthorne Rowley, «Eleven Bioci-
des are Investigated for microbial Effacacy
and Membrane Compactibility to Use at the
Yuma Desalting Flant., 1993 IDA World Con-
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Yokagama, Japan, Nov. 1993.

5. Stan Hightower, Kevun Price, Lisa Hent-
horne, «The U.S. Bureau of Reclamation’s
Research Programs in Water Treatment and
Desalting Technologies», United States/ Middle
East Joint Seminar on Desalination Techno-
logy, Washington, DC, Apr. 1994.
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city Index Instrumentation to Estimate the
Fouling Potential of Reverse Osmosis Feedwa-
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Philadelphia PA, May 1994.
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BAATOAAPHOCTH

ABTOp MHOTHM 0OA3aH TeXHHMYECKOMY NepCo-
Hany [enBepcKoro ynpabaeHnn H IOMCKoro
TeXHH4eCKOro ynpasneHHA blopo MeanopauHH
CHIA 3a TexHHYecKyld NMOMOllb H Npeanoxe-
HUA, BHECEHHble NPH NOANOTOBKE HACTOALLErO
A0K1AAa, U XoueT 0coOeHHO BbICOKO OLEHHTD
BKNaa, KOTOpbIH BHeC Ja B3KcTpeM, HeaaBHO
yuleAlllHH Ha MeHCCHIO, a Takxe BKaaad (IM3bl
XeHTOpH, Yaka Myau, buana boeraun n ®dpaHka
{leATca N3 [leHBepCcKOro yrpasieHns. NX TexHu-
YECKHH OMbIT H HCCAEAOBAHHA COCTasHAW OC-
HOBHOH BKNa/j B NPOeKTHPOBAHHE, CTPOHTENb-
CTBO M YCnelHyw akcnayataumio 00C. AsTop
HECET MONHYID AHYHYK) OTBETCTBEHHOCTb 34
TOYHOCTh TexHHYeckon HHOPMAaLHH, NpHBe-
AEeHHOH B HAacCTOAINEM JoKaaae.
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KOMIEKCHbIA NMOAX0A K CO3AHHIO
MAIOOTXOAHOIO 3KOMOIrMYECKN BE30O-
[MACHOIO PECYPCOCBEPETAIOLWEIO T'A(IbBA-
HHYECKOIro rnrOM3BOACTBA C UE(BIO 3A-
IHTHI BOAHOH CPEADI.

AbAYeHKO Anexcanap BacHabeBHH,
Kana xum. Hays,HHH "Hmyasc'

benses Baaanmup AHApPeeBHH,

KaHa. TexH. HayK

LenapraMenT MePCresTHBHOIO Pa3BHTHA
MocKBbl,

lranbBaHHM4eCcKoe MPOHU3BOACTBO ABIACTCA
OHMM 13 3HAYMTE(bHbIX MCTOYHHMKOB 3arpsas-
HeHUA OKpyKalolleH cpedbl TOKCHYHbIMH OT-
XoAamMH. B OCHOBHOM, 3TO CTOYHbIE BOAbI,
oOpasylollHecs Ha. ofepaunsAx NPOMbIBKH ae-
Taned U npu pasdaBaeHHH 3annoBbix cOpoCOB
oTpaboTaHHbIX 3(1eKTPOIHTOB,

K Havany 1994 r. BogomnotpebrneHne ramb-
BaHOIMPOH3BOACTBA NpeanpHATHA Pocchun Ha
onepaunAx NPOMbIBKH COCTaBAANO OKOMo 2,5
Mapa.Kyo.M/rod. D10 oveHb 6oOabLIOH pacxoa
BOAbI, yAenbHOe 3Ha4YeHHe KOTOPOro 3Hayu-
TebHO npeBblllaer 2 Ky6.M Ha KB.M
NnokpbiBaeMor TNoBepxHocTH. Takoe nooxe-
HHe NPHBOAHT K TNpPeBbIEHHID [MPOEKTHON
MOLIHOCTH OYHCTHbIX COOPYKeHHHA H, COOT-
BeTCTBEHHO, HMX HH3KOH 2 ¢eKTHBHOCTH, B
pesynbrate 4ero cOpachiBalOTCA  HeOOOMH-
lleHHble CTO4YHble BOAbl. OCHOBHOR MPHYHHOH
HenmoMepHo O0abWOro pacxoda Bodbl ABA-
eTcd OTCYTCTBHE H/(IM He3Ha4HTelbHOE KOoiH-
YeCTBO BaHH TNPOTHMBOTOUHOW  KaCKagHow
NPOMbIBKH H AYLWHPYIOIWHX YCTPOHCTB, MepHo-
AUYeCKHI cOpPOC KOHUEHTPHUPOBaHHbLIX pacTBO-
pPOB, a Takxe OTCYTCTBHE Ha NpeanpHATHAX
HOPMHPOBaHHOro BOAONOTPeOIeHnA Kak H3-3a
OTCYTCTBHA  pacxXo4OMepoB, /03aTOpOB H
APYrHX yCTPOUCTB, TakK M H3-3@8 HH3KOH
NPOH3BOACTBEHHOA M TEXHOOTHYeCKON [AHC-
UMIIHHBDL.

B 3TOM CBA3H CO3gaHHe MalnoOTXOAHOro
3konornyecky Ge3onacHoOro ranbBaHoONpoON3-
BOACTBA - OAHA M3 OCHOBHbIX npobneM, pelle-
HHe KOTOPOH MO3BOAET YAy4lIUTb COCTORHHE
OKpy»aloller cpeabl. Q4aHaKko, 3ToMy MpenAT-
CTBYET OTCYTCTBHE KOHUEMUHWH co3daHHA Tako-
ro fnpoH3BoACTBa; 6ONbLIOE KONHYECTBO Tex-
HHYECKHX peuleHHH, CyLIeCcTBYIOWnX B HacTo-
Allee BpeMA, He CBA3aHbl Mexay cobon B
€AHHYIO CHCTeMy.

PasnnyHble BapHaHTbl KOHUENUHH [peana-
rannch . YHHMBX  (r.  PoBHO), (IMTCTaHKoO-
npoekToM n HXXT (r. BuabHiog), "Ka3mex-
aHobpom' (r.AnMa-Ata) n ap. OgHako, ¢
OAHOM CTOPOHbI, 3TH NpeanoKeHHA HOCH(H
oOUHMA xapaKkTep, a C APYron - He yYHTbIBIH
B3aHUMOCBA3M  COCTOAHHMA  TanbBaHH4YeCKHX
UexoB H YpOBHA H CneuHdHKH npednaraeMbix

COMLEX APPROACH TO CREATING
WASTELESS ECOLOGICALLY SAFE RESOURSE-
CONSERVING ELECTROPLATING PRODUCTION

WITH THE AIM OF PROTECTING WATER

RESOURSE
1 S

Alexandr V. Dyachenko, Ph.D.(Chem.);
'Impuls” Research Institute, Moscow.
Viadimir A. Belyaev, Ph.D.(Chem. Eng.);
Department of Frospective Development of
Moscow

Electroplating production is one of the
main sources of environmental pollution by-
toxic wastes. Mainly, this is waste waters
formed during rinse operation of workpieces
and dilution of spent electrolytes discharge.

Towards the beginning of 1994 water con-
sumption for electroplating production of Rus-
sia enterprises in rinse operation was 2.5 bil-
lion cub.m per year. This is a very big figure,
specific value of which is greater than 2
cub.m per sq.m of coated surface. This situa-
tion brings about rise in sewage works capac-
ity, their low effectiveness, as result of which
not well purified waste waters are discharged.

The main reason for this high water
consumption is lack or small number of
cascade rinse baths and carsass spray

devices, batch-type discharge of concentrated
solutions, as well as lack of water use data
norms at enterprises due to absence of
flowmeters, measuring machines and other
devices as well as low production and
technological disciplines.

As a result of this, creating less wasteful
ecologically safe electroplating production is
one of the main problems, solution of which
can improve environmental condition. How-
ever, this is hindered by lack of concept of
creating such production; many technical
solutions  currently  available, are not
connected with one another to form a single
system. Different concepts variations were

proposed by "UNIIVH" (Rovno),
‘Litstankoproekt” and IHHT" (Vilnus),
‘Kazmekhnobrom” (Alma-Ata) etc. However,

from one side these proposals have common
characteristics and from other side they did
not consider interrelationship  between
electroplating plants condition and level and
specification of suggested measures. A move
to develop concept, free from al errors, is
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meponpuaTtui, [llonbiTka paspaborath KoHle-
numio, CBOBOAHYIO OT 3THX HeJOCTaTKOB,
npeanpydara PXTY nMm. (.H. MeHgeneeBa v
HHH "HMmnyabc’.
flaHHaa KoHuenuuAa pa3paboTaHa Ha ocC-
HOBE BCECTOPOHHEro CPaBHHUTENBHOrO * TEXHH-
KO-3KOHOMHYECKOro  aHanuia  Cpeacts  H
METOAOB OYHUCTKH MPOMbIBHBIX H  CTOYHbBIX
BOA, YuHTbiBaolWero rabapuTthl, 3Heprosart-
paTbl, HeobOXxoanmbie MPON3BOACTBEHHbIE N0
waad, HCXodHble W OCTaroutible  KOHUEHT-
paunt  00e3aBpeXHBaeMbix  CTOYHbLIX  BO[,
ceBeCcTOMMOCTb OMNCTKH H T.M. daKkTOPbl.
NepBnyHO#A 3ada4ven NpHU OpraHv3auni Ma-
A00TXOAHOrO ranbBaHOMPOH3BOACTBA ABAAETCA
pa3paboTka Ha OCHOBE HWCXOAHbIX AaHHbIX
ONTHMANBHOA ANA AaHHbIX YCIOBHA NPON3BOA-
CTBA TIPHHUMMHAMBHOA TEXHOMOTHH OCHOBHBIX
NpOUECCOB HaHeCeHHA TalbBAHOMOKPLITHH H
TEXHOMOMMYECKOH CXeMbl OYHCTKH, npegycMar-
pHBaloller palMoHaibHbii  BbIGOp MeTonoB
OMHCTKH H COOTBeTCTBYIoWwero obopyaoBaHuA,
o3poAAoWero obecnevynTb OUHCTKY CTOMHbIX
BO4, pereHepaunio KOHUeHTPHPOBAHHbLIX pa-
CcTRBOPOB, cOOp H NOATOTOBKY WIAMOB K
yTHin3alKK, TIpH 3TOM NOTOKH MPOMbBIBOYHbDIX
BO/A A0MXKHbI  ObiTb  OpraHM3oBaHbl  TAKKM
ob6pazoM, 4ToDbl (C y4eTOM XHMH3Ma peaklui
‘M,  COOTBETCTBEHHO,  CoOCTasa  [OTOKOB)
JOCTHTHYTb = MaKCHMallbHO . BO3MOXHOR B
{[AHHBIX YC/OBHAX B3aHMHOM HeATparn3auuH,
fipn paspaboTke TNPHHUHNAANBHON TEXHO-
AOTHH M CHCTEMBI OMHCTKH HeoBXodnMmo ripe-
AYCMOTPETL  Pearnn3aunio  CAedyllmx OCHOB-
HbIX MEPONPHATHA, CO3AAIIWNUX NPeanOChINnkn
1A opraHu3atvd  ManooTxoAHOro ranbBaHor-
pon3BoOICTBa:
1.CokpalleHrne pacxoga Bodbl Ha TPOMbI-
BOUHbIE onepatnn, [lpn 3TOM KOHUEeNuuA
npearionaraeT  HCNob3osaHue paspaboTtat-
Horo HHMH "HMNyabC' mMeToAH4eCcKQro mare-
pHaila No COKpaulleHnio pacxoada BOaAbl Ha
NMPOMbIBOYHbIE Onepallin  H  opradn3auun
HOPMHPOBAHHOFO BoAONOTPebneHnA B AeACT-
BYIOLINX blexax raibBaHOMOKPLITHA,
KOTOPLIN MOMET YCMewHo HCNOMb30BaThCA
Ha NPeAnpPHATHAX  Pa3MdHbix  OTpacaen
NPOMBILLIEHHOCTH M NO3BOMNAET COKPATHTHL
pacxod BOdbl HAa MPOMbIBKY B cpedHeM no
uexy B 3-5 pa3, a TakXe opraiHn3oBaTth
HopMHpoBaHHoe BoaonoTpednenne 6e3 npu-
MeHeHHA Kakux-nMbo Joanpylownx  ycTpon-
CTB 32 C4eT BHeapeHnd rpagduka nepno-
AHYHOCTH HENPOTOYHOH POMbIBKH,
2.3aMeHy  LUHaHHCTbIX I1eKTPOANTOB  HITH
OpraHH3auHa HX (IOKaNbHONW OYMCTKH, 3ITO
NO3BOMNACT HCKAIOUHTL Ha CTaaruH Hentpa-
M3alnH  onepaunio  peareHTHOM O4YHCTKH
UHAHHCTBIX CTOKOB H, COOTBETCTBEHHO, HX
cOpoc, a TaKXKe pe3Ko yMeHbluuTs nomnada-
HHe MOHOB KalbliMA B BOAOEMbI.
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wasteful

ogy and system,
the realization of the

undertaken by Russian Mendeleev University
of Chemical Technology and ‘'Impuls’
Research Institute.

This concept is developed based on de-
tailed comparative technico-economic analysis
of resources and methods of rinse and waste
water treatment, considering dimensions, en-
erdy consumptions, required. production
areas, initial and residual concentration of
treated waters, treatment cost etc,

The primary task in organizing less
electroplating production is the
development of typical process treatment

flow diagram based on initial optimum data

for given operation conditions, This
technology considers rational selection of
treatment methods and appropriate

equipment ensuring purification, concentrated
solutions recovery, sludges collection and
preparation for utilization. Here, rinse waters
flows must be organized in such a way that
(considering the chemistry of reactions, and
accordingly, the flow contents) maximum
possible in the conditions for mutual
neutralization is achieved.

When developing typical treafment technol-
it is necessary to consider
following basic
measures that created grounds to organizing
less wasteful electroplating production:

].Reduction of water consumption on rinse
operation. Here, the concept proposes the
use of methodological material developed
by the ‘Impuls’ Resaerch Institute. This is
based on water consumption reduction in
rinse operation and organization of water
use norms at operating electroplating plants.
It can be successfully used at enterprises of
various  industrial sectors and makes
provision for water consumption reduction
on washing at plant averagely by 3-5 times
and also to organize water - use norms
without using any proportioning devices due
to introduction of batch-wise schedulmg of
non-flow washing,.

2.Replacement of cyanide electrolytes or
organization of their local treatment. This
makes it possible to do without reagent
treatment operation of cyanide effluents at
the neutralization plant and their discharge
as well as to sharply reduce -the probability
of chances of calcium ions getting into
water basins.

3.Replacement of toxic electrolytes by less
toxic organizing, as much as possible, local



3.3aMeHa TOKCHYHbIX 3(IeKTPONWTOB MeHee
TOKCHYHBIMH ¢ OpraHMuMed, NMpH BO3MOKHO-
CTH, (I0Ka(IbHOH OYHCTKH MPOMbIBHBIX BOA,
YTO MO3BOMHT Pe3KO COKPaTHTh YHOC HOHOB
TAMKEAbIX META/10B CO CTOYHbLIMH BO/IAMH,

4. Opratysalma IKCIIyaTauui (1eKTPONHTOB
TaknM 06pa3oM, 4ToObl MaKCHMaabHO Npod-
aUTh CPOK HX cayXx6bl. B yactHoctH, B HHH
‘UMnyabc’  pa3pabaTbIBalOTCA MeTOANYECKHE
mMaTepHadbl, BKAOYAOLINE pa3aH4Hble MpHe-
Mbl BOCCTAHOB(IEHHA OTpPabOTaHHbIX 3MeK-
TPOIMTOB, NPHMEHEeHHEe KOTOPbIX B coYeTa-
HHH cO cTporuM cobaideHHeM TexHOAOrH-
YEeCKON AACUHMIVIMHBL 3HAYNTebHO YBelIHYH-
BaeT CpPOK 3KCayaTauuH 3(eKTpoauta 4o
Hen3bexHOW 3aMeHbl BaHHbI M yMeHblUaeT
3annoBbiX COPOCOB.

5. YHUPHKAUHA 3(1eKTPOMTOB, [pHYEM, B
OCHOBHOM He MO MNPHHUMMY OAHH BMeCTO
HEeCKObKHX, a B HarpabieHnn yHHQHKaUHUH
HX HMOHOIO COCTaBa, YTO MO3BOIHT COKpa-
THTb OO MHHHMyMa KOHYECTBO HEHCMOb-
3yeMblX COeAMHEHHH H BEpHYTb LieHHble
KOMITOHEHTb! B [MPOH3IBOACTBO.

6.3aMeHa B TeXHOIOIHYeCKH 0OOCHOBAHHbIX
cayvaAX TranbBAHHYECKMX TMOKPbITHH  Ha
'anbTepHaTHBHbIE', TlOdy4YeHHble MeTodaMH
HOHOMNa3MeHHbIM M T.M. 3TO  MO3BOAUT
PE3KO COKPaTUTb TpPHUMeHeHre TeXHN4eCKOM
BOAbl H, COOTBETCTBEHHO6 yMeHbLUHTL 00’eM
cbpoca, a Takxe MNprMeHeHHe aAeHLHMTHbIX
XHUMHKaTOB,

7.1loaroToBka M npoBedeHHe MepOINpHATHH
OpraHH3auvoOHHO-TeXHHYECKOro Xapaxrepa
(OCHOBHOM, /1A  JACACTBYIOLUHX  LIEX0B),
CBA3AHHBIX € BbICBOOOXKAEHHEM NIOLAJEN
ana  pasmeulenna  obopydoBaHHA:  BaHH
NPOMbIBKH, YNaB(HBaHHA, YCTAHOBOK (10Kalb-
HOH OYHCTKH H T.IN.

Mpy peanu3auny NPHHLHNHABHOA TeXHO-
IOTHYECKOH  CXeMbl AOMMHA  YYHTLIBATLCA
KaaccHdHKaluna raabBaHOLEXOB TPeANnpHATHA
a TakXe YpOoBeHb pelleHHA 3KO1oTrHYeCKHX
npobaeM. KoHuenuusa npeagycMaTphusaer 3
Ipynnbl LeXOB: CTPOAUIMECA HaIH PeKOHCTPYH-
pyeMmble; JeACTBYWOIUME MPOHU3BOACTBA, rae
npearioaaraeTcal TeXHHYECKoe MepeBoopyKe-
HHe, a Take AeACTBYIOLHE MPOU3BOACTBA,
rae ecTb HeoOXOAHMMOCTb COBEPLUEHCTBOBAHHA
TE€XHOOTHH, HO TMpPH 3TOM  OTCYTCTBYIOT
AOTOAHHTENbHbIE MAOWAIN H HeBeanKk 00'eM
CTOKa. YcraHaBaMBaeTcR 4 YpPOBHA Mepo-
NPHATHH AdA pelleHHA NpobaeMbl CO3daHHA
Ma(00TXOAHOTO MPOH3BOACTBA.

1 ypoBeHb npeanonaer nposegeHue pabor
TeXHOMIOTHYECKHMH CayxbaMn Lexa raibBaHo-
MOKpbITHA 1 Gopo NOKpbiTHA OI'T Han OIM,
KOTOpbl€ 3aK(I0YAlTCA, HanNpHMeEp, BO BHed-
PEHHH S(ICKTPOIHTOB C MOHHKEHHOW KOHLEH-
Tpaunen, 3aMeHe UMAHNCTbIX pPAcTBOPOB H
3(1eKTPONTOB  KadMHPOBaHHA, COKpalleHHH

waste waters treatment, making it possible
to sharply reduce heavy metal ions loss
with waste waters,

4,0rganizing electrolyte uses in such a way
that their maximum operation period can be
prolonged. Partly, at the ‘Impuls’ Research
Institute methodological materials are deve!-
oped. These materials include various
methods of spent electrolytes recovery,
application of which combined with strict
compiling to  technological  discipline
considerably prolongs electrolyte operation
time up to inevitable baths replacement and
reduce the probability - of immediate
discharges. -

5.Electrolytes unification method, mainly not
based by principle of one instead of some,
but directed towards their ions content
unification, which makes it possible to
reduce quantity of unused compounds to
the  minimum and return valuable
components to process line. _
6.Replacement, in technically-based cases,
of electroplating by "alternative’, obtained by
ion-plasma methods etc. This makes it
possible to sharply reduce techical water
consumption and volume of discharge as
well as use of deficit chemicals.

7.Preparing and carrying out measures of
organizational technical character (mainly for
plants in operation) which are connected
with small areas for equipment installation:
rinse baths, drag-in baths, local treatment
units etc.

In order to realize typical process flow dia-
gram, classification of electroplating plants of
enterprises and level of solving ecological
problem should be considered. The concept
considers 3 groups of plants: closed or those
under reconstruction; those in operation,
where technical re-equipment is proposed;

and those in operation, where there Iis
necessity for improved technology, but
additional areas are absent and  effluent

volume is not big. 4 levels of measures for
solving problems of creating less wasteful
production are established.

Level 1 suggests carrying out works by
special technological corps of electroplating
section and bureau for plating, "OGT" or
'‘OGM" which include, for example, introduc-
tion of low concentrated electrolytes, cyanide
and cadmium solutions replacement, water
consumption reduction on in rinse operations
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pacxofa BOAbl Ha IPOMbIBKY, a TaKkme B
BBIMOHEHHH  pasiHYHbIX MEPOMpHATHA  TI0
YMeHbHHIO yHOCA pacTBOpOB C JeTalfAMH H
PaLMOHANBHON 3KCINTyaTalHH 31eKTPOHTOB.

OcHoBHaA Ueab - YMEHBIIHTb KOIH4YeCcTBO
M TOKCHYHOCTb OOpasyiolIMXCA  OTXO/0B
(crouHbIX BOA W uinama). BHeApeHHe yKa3aH-
HbIX MepONpHATHH o00A3aTeqbHO AdA  BCex
rpynmn npeanpHATHHA.

2 ypoBeHb CBA3aH C OpraHuzaliMen Ha OT-
-~ flelbHbIX Yy4YacTKax Lexa (1OKalbHbIX CHCTEM

Nno pereHepauun HAH/M  00e3BpeRHBAHHIO
KOHUEHTPHPOBaHHbIX pacTBOpOB H
NPOMBIBHBIX BOJ, @ TaKXKe H3BICYSHHIO

MeTalloB HAH KOHUEHTPaToB PpacTBOPOB H
BO3BpaTy MNoCaeqHHX Ha TMOBTOPHOE HCMOMb-
30BaHHe, a BOAbl Ha COOTBETCTBYIOLLYIO
NPOMBIBHYIO ONepallyio. BHeapeHne nMogobHbIX
MeponpHATHI 0b6A3areqbHO A1A NpeAnpHATHH
| rpynmbl, Trde OTAeNbHbIX TMPOLECCOB Ha
npeanpuATHAx I rpynnbl M HeuenecoobpasHo
Ana npeanpuAtHr 111 rpynbl.

K paboraMm goaHbi ObiTh npHBAEYeHbI
CneuManycTbl NoApasaeneHnd no - paspaborke
CpedacTs - M1 MeToAO0B OYHCTKH  TeXHOOTH-
YCeKHX MHCTHTYTOB.

3 ypoBeHb NpeaycMaTpHBAeT MepONpPHATHA
MO OYHCTKE CTOYHbIX BO/ TranbBaHMYECKOro
NPOH3BOACTBA B LIEIOM Ha CTaaWy HeATpanH-
3aluH. Yem Gonblie AOAA TeXHHYECKHX pelle-
HHH, peaH30BaHHbIX HA 1 H 2 YPOBHAX , TeM
MeHbllle MOILHOCTb, NPOH3BOACTBEHHbIE pac-
XoaAbl CTagHH HeATpanu3auun., Ha CTaHuuH
HeHTpaau3aluyn  aaA
YaCTH CTOYHBIX BOJ HCMNOMNL3YIOTCA pearen-
THble, 2(IEKTPOH ranbBaHO- KoaryadalHOHHbIE,
ytobbl obecneunTs BO3BpAT BoAbl. OAHAaKO,
OCHOBHOM - npobneMoH B 3TOM  Caydvae
ocraercA o0e3BpeXHuBaHHe, MOArOTOBKa H
¢/adya 1W1aMOB (MAH YTHAM3aUHA, Koropas,
npaBga, 3arpydHUTenbHa A  OTAENBHOrO
NpeAnpuATHA, T.K. TpebyeT opraHu3auuH
OTAenbHOTO YYacTKa CO CreuHanbHOM TexHO-
aorve#). B nportnBHoM pabora craHLMH Hed-
Tpann3aupH HeaddeKTHBHA AA OKpYXKaloller
cpeapl, T.K. cOpoc LAaMOB Ha CBalKH WK B
BOAOeMbl B KOHEYHOM cuere MPHBOANT K HX
nonagaHnio B BOAHYIO cpeay.

ITlpnmeHeHne = MeponpHATHA 3  YPOBHA
obAzareqbHO AnA NpeAnpHATHA | Ipynmbl C
BO3BPATOM BoAbl, 1A npeanpHATHA 11 rpynmnbl
- C YacTHYHbIM BO3BpParoM Boabl (TaM, rae
370 06OCHOBAHO 3KOHOMHYECKH), a AaA
npeanpuathii 1l rpynnbl - Ges Bo3Bpara
Boabl. K paboram O0MKHbl MpHBACKATbCA
CMeLHannCThl MNo/pa3ieneHni Mo BOJOOMHCT-
Ke W KaHanu3alpv, a TaKXKe MPOeKTHHDIX
HMHCTHTYTOB,

4 ypoBeHb CBf3aH C OpraHmsauueH pervo-
HaNbHBIX CHCTEM H LEHTPOB MO 00e3BpeKHBa-
HHI0O W nNepepaboTke radbBaHMYeCKHX GO

OUYHCTKH ocTasBliedcd .

and carrying out various measures on
solution loss reduction with workpieces and
rational electrolytes use.

The main aim is to reduce quantity and
toxicity of wastes formed (waste waters and
sludges).

Introduction of the stated measures are
compulsory for all groups of enterprises.

Level 2 deals with organizing local systems
for recovery and/or concentrated solutions
and rinse waters detoxification in individual
section of the plant, treatment for metals and
concentrated solutions and return of the later
for reuse, while water return to respective
rinse operations.

Introduction of such measures are compul-
sory for Group 1 enterprises, for separate
processes in Group Il enterprises and not
economic wise for Group Ill enterprises. Spe-
cialists of sub-sections should be drawn to
works on developing equipment and methods
of cleaning technological institutes.

Level 3 considers measures on treating
waste waters of electroplating production as a
whole at the neutralization plant. The bigger
the part of technical solutions, realized on
levels 1 and 2, the lower the capacity, opera-
tion expenditure of the neutralization plant.

At this plant, in other to treat the rest of
waste waters, reagent, electroand galvano-
coagulation, membrane, electroflotation
methods et.c.. are applied in such a

combination so as to make provision for
water retum. However, the main problem in
this case remains detoxification, preparation
and delivery (or their utilization, which are
difficult for individual enterprise to realize

because it requires organizing individual
section with special technology). In other
hand the plants operation will not be

effective for the environment because sludges
disposal to dumping grounds or into water
reservoirs eventually find their ways into
water basins.

The use of the level 3 measures is com-
pulsory for Group | enterprises with water re-
tum, for Group I enterprises - with water re-
tum in part (there, where this is economically
based), while for Group lll enterprises - with-
out water retum.

Specialists of water treatment sub-depart-
ments and centralized system as well as of
equipment-designing institutes should be
drawn to these works.

Level 4 is connected with organizing re-
gional systems and centers for detoxification
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TBEepAbIX H KHAKHX
OTXO/0B.

Mpr 3toM npearonaraeTcA obecneveHune
noay4yeHua TNpOAYKTOB, NPHIrOgHBIX AR Aalb-
HeAlllero 'UCnoab3oBaHHA anbo- HemocpeacT-
BeHHO, Mnb0 nocae HX YTHAN3ALUHA.

K atnm pabotaM A0nHbI - GbITh NpHBaE-
YeHbl CMeLHATHCThl MO MPOMBILIEHHON 3KO-
(IOTMH H3  PerHoHanbHbIX ~ CNeELHanH3Hpo-
BaHHbIX oOpraHH3allMA, B T.4. - MO OXpaHe
OKpyXKalolleA Ccpedbl, a TaKKe H3 MEeCTHbIX
COBETOB.

MeponpHATHA aToro YPOBeHbA B
nepcliekTnBe AoaAHbI ObITh 06A3aTenbHbIMH
AR NpeanpHATHA BceX Ttpex rpynn. [locae
TOrO , Kak opegeaeHbl OCHOBHbIE MOAXOAbl K
CO3AaHHI0 MaNOETXOAHONO TralbBaHHYCEKONo
NPOM3BOACTBA, B MPHHLUMITHANBHYIO T€XHOIOTH-
YeCKYl0 CXeMy O4YHCTKH 3a10KeHbl COOT-
BETCTBYIOUIHE TeXHHYeCKHe pelleHHda, a
TakKe paspaboraHbl (nMpn HeoOGXOAHMOCTH)
COOTBETCTBYIOLIHE TeXHOAOTHYECKHe MPOeKThI,
AOMKHBI  ObITb - MpoedeHbl  paboThl  no
peannsalMH [PHHATOAR A0A KOHKpeTHoro
NPeANnpHATHA TeXHONOrH4YeCKOH CXeMbl; a
HMeHHO: MpoBedeHne (MpH HeoOXOAHMOCTH)
CTPONTEIbHO-MOHTaXKHbIX pabor, npHobpere-
HHMe, H3rOTOBAeHHe, MOHTa}X M  3anyck
HeobxoanmMoro o60pyAOBaHHA.

B Hacroswee BpeMA paspaboTaHo M aK-
CryaTHpyeTca pa3nnyHoe obopyaoBaHHe, MpH
MOMOLUH KOTOPON® MOMHO OpraHH3oBaTh (10-
KaldbHyl0 OYHCTKY, MPOH3BOAHTH OYHCTKY
"XBOCTA", @ TaKkKe [AONONHHTb YKe CylecTBy-
IOLHE CHCTEMbl MOAYAAMH, MO3BOMALMMH 06e-
CMeYnTb KOHUEHTPAUMI0O HOHOB  TAMeEbIX
MeTal(10B B CTOMHBLIX BOogax B Npeaeaax TAK,
Caeayer OTMETHTb, 4YTO MPHHATbIE B HACTOA-
wee BpeMA [AK Moryr ObiTh obecneveHbl
TOMLKO TIpH MOMOILHM ABYX CTyNEeHeH OYHCTKH
(NpaKTHYeCKH He3aBHCHMO oOT cnocoba noc-
aeaHen). oA TOBTOPHOTO  HCNOb30BAHWA
OYMILEHHOR BOAbI Ha BCeX ONepaLHAX Npo-
MbIBKH HeobGXoauMbla 3- CTYNIEHb OYHCTKH,
cBA3aHHaA ¢ obeconeBaHHeM BOAbI.

B uHcne [0CTAaTOYHO YCREWHO JKCITyaTH-
pyemMoro o0opydOBaHHMA caedyeT OTMeTHTb
yCTaHOBKH MeMOpaHHOH TeXHONOTHH M HOHO-
OOMEHHbIX CMO1, MOAYIH 3(eKTPOGIOTalNOH-
HOM OYHCTKH, YCTAHOBKH [03HPOBAHHOIO yMa-
PHBaHHA MpOMBIBHbIX BOA Ha oOnepauuax
HaHeCeHHA MeTalIMYeCKHX MOKPbITHA H ap.

(KOHLIEHTPHPOBAHHBIX)
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and processing electroplating solid and liquid
(concentrated) wastes.

‘Here, it is proposed to make provision for
obtaining products suitable for further use
either directly or after their utilization. '

Experts on industrial ecology from regional
specialized organizations incuding those on
environmental protection as well as those
from local councils should be called upon for
these works.

Measures of this level in future must be
compelled on enterprises of all the three
groups.

After the main approaches to creating less
wasteful electroplating production have been
determined, appropriate technical solutions
are put into typical treatment process flow
diagram as well as appropriate technological
projects (if necessary) are developed, works
on realizing adopted process flow diagram for
a concrete enterprises must be executed.
These include carrying out (if necessary)
construction/installation  works, acquistion,
manufacturing, installation and commissioning: "
of necessary equipment. :

At present various equipment are devel-..
oped and being used by means of which
local treatment can be organized, ‘tail’
freatment can be camied out, as well as
already existing module systems can be
added. These modules make it possible to
keep heavy metal ions concentration in waste
waters within the maximum permissible level
(MPL). It worths noting that acceptable MPL at
present may be provided for only by two-step
treatment (practically does not depend on the
method of the tlater). In order to reuse
treated water in all rinse operations, a 3rd
treatment stage, connected with water
demineralization is required. It should be
noted that among essentially successful
equipment being used include units of
membrane technology and ion-exchange
resins, modules for electroflotation treatment,
units of proportioned evaporation of rinse
waters on operations of metal coatings and
SO on.



OMNbIT HHTEHCH®HKALIHH CYIIECTBYIOLINX
OYNCTHbIX KAHAMHN3ALHMOHHbIX CTAHUHH
B NMPOEKTAX UX PACHIHPEHHHA
]

Aypasnes B/, KaHq HAYK,

AOLEHT BOPOHEXCKOH rocyqapCTBEHHOH
aPXHTERTYPHO-CTPOHTENBHOHA aKAAEMHH
(BIACA)

Tapacos A.M., HHX.,

Ha4anbHHK KOMIIIEKCHOIO oT4eda
npoexTHposarnd ~ 2 (KI10 - 2)
HHCTHTYTA [ HIIPOIPOM»

B nocaeaHue roabl Hanboree 4acTo IpH-
XOAHTCA BBINONHATDb NPOEKTHPOBAHHE yXKe Cy-
IECTBYOLIHX CTAHLHMH adpalini ¢ Ueablo YBenH-
YeHHA HX MPOMNYCKHOH CMocoBHOCTH. 3TO, Kak
MpaBHNO, CBA3AHO C POCTOM KOAH4eCTBa CTOY-
HbIX BOA, MOCTYNAIOWMWX HA OYMCTKY H Gonee
BolCOKMMH TpeBOBAHHAMH K COCTaBY O4HLUEH-
HbIX CTOYHBIX BOA, COpachbiBaeMblX B BOAOEMbL

KpUTHUECKOE COCTOAHKME MHOTHX BOAOEMOB
MOMKHO OOBACHHTL TEM, YTO B HHX HapylleH
KHCAOPOAHbIH PeKHM H3-32 60NbLIMX MOCTYIe-
HH#A C OMHILIEHHBIMH CTOYHBIMH BOAAMH OpPraHH-
HYECCKHX 3arpn3HeHHH, B TOM HYHCNE al3oTa,
AA0BHTBIX H KOHUEHTPHPOBAHHbBIX COEAHHEHHH,
a TakXe KHPOB H HedTenpodyKToB.

MpHuHH, BbI3BaBLINX TAKOE COCTOAHHE BOAO-
€MOB HECKONbKO: 3HA4YHTelbHblEe THApaBaH4Ye-
CKHE Neperpyskn CTaHunn; gakrHyeckoe npe-
BblllleHHe KOHUEHTPAUHH 3arpA3HeHHH 110
CPaBHEHHIO C HCXOAHBIMH AAHHBIMH, NONOXKEH-
HbIMH B Ha4anbHYI0 pa3paboTKy NpoekTa; Heao-
CTaTOYHO BbICOKAaA HAAEKHOCTb [POEKTHbIX
pelleHHH; HH3KHH YPOBEHb Ka4ecrTBa CTPOH-
TENABbHO-MOHTAKHbLIX pa60T, 2KCnayaragHH H
ABTOMaTH3ALIHH COOPYKEHHH OYHCTKH CTOYHbIX
Boa H 06paBoOTKH OCaaKoB H MHOTO [ApPYrHX.
OCTaHOBHMCA Ha KaKAOH NPHYHHE H BO3MOX-
HbIX YCAOBHAX HX NOABNEHHA,

CneuranucTaM XOpollio H3BECTHO, YTO Mpo-
eKTHpPOBaHHe OUYHMCTHLIX COOpYKeHH# cneayer
BECTH Ha MaKCHManbHbIH YacOBOH T[PHTOK
CTOYHBIX BOA, T.€. C y4eToM KodddHUHEHTOB
ob1el HepaBHOMEPHOCTH, KOTOPbIE B KaK/a0M
HoBOM H3aaHnyu CHull HenpepbIBHO yBeaHYHBaA-
I0TCA, flaXke AaA OAHHX H TeX Ke CPeaHHX
pacxogoB. B npeablgywiem wn3ganun CHHI
camMoe MHHHManbHOE 3HaveHHe KoadduuHeHTa
obuierl HepaBHOMEPHOCTH cocrasasaan - 1,15,
a B Hbineaencrsyiowem CHuIl on pasen 1,44,

PacyeTHblf pacxoq Ha 44 % Bbllle cpeagHeva-
coBoro u Honee 4yeM B 2 pasa Bbillie MHHHMarb-
HOro npuToKa, OAHaKO (pakTHYeCKad HepaBHO-
MEpPHOCTb OblBaeT Bbille, eC1H CTOYHbIE BOADI
NoAaTCA HA OYHCTKY OAHOBPEMEHHO HECKONb-
KHMH HACOCHbIMH CTAHLUHAMH KaK OT ZKHIOH
3aCTPOHKH, TaK H OT MPOMBILLIEHHBIX NPeANpH-
AT, CaegoBaTenbHO, paHee IOCTPOEeHHble
QUHCTHbBIE COOPYAKEHHA MPH 3aHHKEHHOM Koad-
(pHUMEeHTE HepaBHOMEPHOCTH TPHTOKa CTOY-
HbIX BOA, Jaxe MpH AOCTHXKEHHH pacyeTHOro
CYTOUYHOFO Pacxoaa yxe paboTaloT ¢ neperpys-
KOH, a TMO2TOMY HYKAalTCA B HHTEHCH()H-
Kauuu. [lpH ryapaBaHYeCKHX Meperpyskax
6e3 oCylleCTBIeHHA MepOoNnpHATHH NO HHTEH-
CHHKAUHH pabBoThl Kamaoro THMA COOpyxke-
HHH ' BBICOKA BEpPOATHOCTb cOpoca B BogoeM
C OYHIIE€HHBbIMH CTOYHBLIMH BOJAMH 60{lbUJOF0
KONHYeCTBa 3arpA3HeHHH, a O5TO H BeJeT
K 3arpsA3HeHHIo BOAOEMOB, B Tex cayuasax, koraa
rHApaBaHYecKHe Tieperpy3kn He TMpeBbllualoT
10 ~ 15 %, HO KOHUeHTpauHA 3arpasHeHHd B
nocrynarmuer CTOYHOH BOAE 3HAYHTEbHO Npe-
BblllIaeT MPOEKTHbIe NapameTpbl, TO 6e3 uHTeH-
cHpHKaUrH paboTbl coopyxeHnH H Ges yrnpas-

_1€HHNA TEXHONOTHYECKHMH npoleccaMHt ,a06HTb-

cA TpebyeMoro Ka4ecTsa OUHCTKH CTOYHBIX BOA
1 06pabOTKH 0CAAKOB NPakTHYECKH HEBO3MOXK-
Ho. CneaoBaTenbHO, H MpPH TAKOH CHTYalHH
BEPOATHOCTb 3arpA3HEeHHH BOAOEMOB Oyder
BeHKa.

HepnocTaToyHo BbICOKYIO HaAeKHOCTb Npo-
eKTHbIX ‘PelUeHHA MOKHO OOBACHHTb KaKk 00b-
€KTHBHBIMH, TaK H CyObeKTHBHBIMH (aKkTopa-
Mu. K yncay obbekTHBHBIX (PaKTOPOB Cneayer
OTHECTH: METOMKY pacuieTa BOAOOTBOAALUMX
ceTel — BbIGOP THIOBbIX MPOEKTOB BeAeTCA M0
CYTOYHOMY, @ He MO 4acoBOMY MOCTYNIEHHIO
CTOYHBLIX BO/, XOTA MNPHHATbIE KOHUEHTPALH
3arpA3HeHHA B THIIOBOM TNpoOeKTe OblBaloT
HHMAKe H/H Bbllle (baKTH‘-leCKHX,' NpPH MpOEKTH-
pOBaHHK COOPYMEHHH He YYHTbIBAETCA Hadek-
HOCTb HMX Oe30TKasHor paboThl Ha caydad,
Koraa Kax/0e CoopyxeHHe ABnAeTCA pabounM.

B cyuwecreyiouien MeroArke pacyeta BoO-
AOOTBOAALIKMX CeTeH BblbOp HeobxoaHMoro
AvameTpa, yKaoHa H CKOPOCTH TeYeHHA KHJ-
KOCTH OCYUEeCTBAAETCA TONbKO A pacyer-
HOT'o (MAKCHMAaNbHOIO) pacxoda, KOTOPbIH MoB-
TopAercd He 6Gonee 5 -~ 6 4HACOB B CYTKH.
MHHHMaribHbIE pacxoabl CTOYHBIX BOA, KOTO-
pole B 1,5 — 2 pa3za MeHbll€ MaKCHMAbHbIX
nosropaoTca 12 ~13 yacoB B CyTKH. [IpH 3THX
pacxogax CTOYHBIX BOA B BOAOOTBOASIIHX
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ceTAX He ob6ecnevuBalOTCA YCNOBHA Moaaep-
XKaHHA B3BECH B TPaHCMNOPTHPYEMOM MOTOKeE.
Hannune B BOAOOTBOAAUIHX CeTAX CKOpPOCTeH
HHXe KDHTHYECKHX BefeT K BbIMAAEHHIO 3a-
rpA3HeHHi Ha AHO TpybonpoBoaoB. Takne
YCOOBHA 3KCIyaTalHH BO/OOTBOAALLEN CETH
COMNPOBOXAAITCA YACTbIMH 3aCOPEHHAMH, 3a-
I'HUBAHHEM OpraHHYecKHX BellecTB B Tpybax,
noABAEHHEM B KOnoAuaM B3pbIBOOMAcHbIX ra-
30B, a ofpazoBaHye CepoBOAOpOAa BeaeT
K paspyweHHio Gerona. Ho B MoMeHT nosBae-
HHA B CeTH MAKCHM&/IbHOTO pacxofa CTOYHbIX
BO/, BbINaBIUKMA B Tpybax ocadoKk pa3MbliBa-
€rcA W MNOCTYMaeT Ha OYHMCTHYIO CTaHUHI B
MaKCHManbHOM KOOHYECTBE, 3HAYHTENbHO Npe-
BbllUaA pacyeTHble 3Ha4eHHA KOHLUEHTpalHH
3arpA3HEHHH MO BCeM roKasarenaM. Konebanne
MPHTOKA CTOYHBIX BOA W 3arpA3HEHHA B HHX
BeJeT K HapyluieHHio paboThbl CoopyKeHHH
MexaHHYeCKoH H GHOMOrM4eCcKoH OYHCTKH CTOY-
HbIX BOA, a Takxe 06paboTKH ocagKos. dak-
THYECKH MPH MHHAMAbHbIX MPHTOKAX CTOYHBIX
BOA H 3arpAsHeHHH HA COOpPYMEHHAX MexaHH-
4YeCKOH O4YHCTKH OyaeT AOCTHTHYT BbICOKHH
3pPeKT OYHCTKH, a NOITOMYy AKTHBHbIH Hi B
aro BpeMa Oyner HegorpyeH. B 4achl MaKkcH-
ManbHOro MPHTOKA BOAbl H 3arpA3HEHHA Mexa-
HMYECKaA OYHCTKA, Aaxke NpH BCeX paboralo-
LMX COOPYKEHHAX, He CMOMeT 0OecneqnTb
HY?KHO€ Ka4ecCTBO BOAbl Neped a’spoTeHKaMH,
a cneaoBaTenbHO, AaKTHBHbIM Ha OyneT nepe-
rpyxeH. CriegqHanHcTam XOpoLIo H3BECTHO, YTO
KaK Mneperpy3ka, Tak W HEAOrpy3Ka aKTHBHOIO
vna BedeT K MOBbIIEHHIO 3Ha4eHHH WIOBOTO
HMHAeKca ao 150 cm®/r n aaxe Oonee. AKTHB-
HbiH HA C BbICOKHMH 3HA4eHHAMH WAOBOrO
HHEKCa N0X0 oceaaeT BO BTOPHYHbIX OTCTOH-
HHKaX H BbIHOCHTCA M3 HHX C OYHILEHHOH
BOAOH. B 4vachl Honbuioro BhiHOCA Hna Byaer
MMETb MeCTO 3arpA3HeHHe BOAOEMOB.

MpH HecTabHAbHOM NOCTYINAEHHH Ha OMHCTKY
CTOYHbIX BOA H 3arpA3HEHHH B HHX, 3(deKT
paboTbl O4YHCTHBIX COOPYKEHHH CHHIKaerca
~ute B 60ablIMX 3HAYEHHAX, Korga Kakoe-11bo
OfIHO H3 COOPYKEHHH OTK/IOYAETCA HA TeKy-
LHH HaH KanHTanbHbIA peMOHT. D¢ dekT pabo-
Tbl CTAHLHH MOXKeT ObITh ellle HHXKeE, ecnn Ha
PEMOHT BbIBOAATCA Pa3HOTHIHbIE COOPYKEHHA.
CaeAoBaTenbHoO, Te CTaHUHMH, KOTOpble pabo-
TAIOT C NEPHOAHYECKOH HAH NOCTOAHHON nepe-
rPY3KoH OObEKTHBHO BbIHYKAEHbI 3arpA3HATDH
BOAOEMbI H BbiMa4YHBaTh NMPH 3TOM Doabline
wr'padbl 3a 3arpazHeHHe OKpyKalollen cpeabl.
B TO BpeMA Kak peanbHbIMH BHHOBHHKaMu

co3AaBaeMbiX CHTyaLuP ABAAIOTCA pa3spabot-
ynkH CHHIT 2.04.03-85, TaK KaK B HeM He rnpe-
AyCMaTpHBaeTCA pe3epB COOPYMeHHH (KpoMe
pellleToK), a Tak e HeoOOCHOBaHHbIH BbIGOP
THIMOBbIX NPOEKTOB, HECOOTBETCTBYIOWNX pac-
4YeTHbIM pacxoaaM H HCXOAHLIM KOHUEHTpa-
LUHAM 3arpA3HeHHH,

OnpegeneHHyiO HeraTHBHYIO [1ENTY B O4HCTKY
CTOYHBIX BOA H paboTy COOpYKeHHH no obpa-
60TKe 0CaAKOB BHOCAT CTPOHTE(IbHblEe OpraHH-
3aUHH, Ybe KAYeCTBO CTPOHTEIbHO-MOHTAKHbIX
pabor He Bceraa orpevyaeT HeobBXOAHMbIM
TpebGoBaHnAM. OTCyrcTBHE Ha OONbLIHHTBE
OYHCTHbIX CTAHLHH dNeMeHTapHbiX CHCTeM aB-
TOMaTH3aLUHH TeXHONOI'HYEeCKHX MpOLECCOB H
nokasarenen KauecTBa 04HLIaeMON BO/ CHHKA-
eT Ka4ecTBO 3KCIiyaTallHH 3THX COOPYXeHHH.

Ocobo cnegyeT OCTAHOBHTLCA Ha HEH3OeX-
HOCTH ¢haKTa 3arpAsHeHHs BOAOEMa H3-3a NpH-
MeHeHHA CyILEeCTBYIOlleH METOAHKH pacyera
HeoBXoANMOH CTeneHn OYHCTKH CTO4HbIX BOA,
KoTopas MpHeMaeMa Aaa Tex cay4aes, Korga
TeMrnepatypa Boabl BogoeMa Oyaer Bblle
10“C. YynTbIBad, YTO B HalLIUX BOAOEMaX Takad
Temnepatypa Boapl 6biBaeT He 60nee 6 MecaLes
B rojy, TO AOCTOBEPHOCTb PACHETHbIX AAHHDBIX
Mo CaHHTapHOM OXpaHe BOAOEMOB cCaeayeT
OTHECTH TOObKO K TennoMmy neprnody roaa. B
XonoaHoe BpeMA roga ¢ HoadpA A0 MaA, Koraa
TeMrneparypa BOAbl BOAOEMOB COCTaBaAeT
3 - 6“C, To HIMeHHO B 3T0 BpeMA roga HacTynaer
MakCHManbHaA BEPOATHOCTb HaPyLIEHHA CaHu-
TapHOro COCTOAHNA peK, 03ep H Aaxe MOpeH.
JT0 MOKHO 0OBACHHTL TeM, uYro 5°C He
AOCTATOMHO AA NoAAepKaHHA KH3HeaeATeNb
HOCTH a3poBHbIX MHKPOOPraHH3MOB, KOTOpPbIE
HaxogATCcA B BogoeMax. [1oatoMy Guonoruuec-
KOT0 OKHC/IEHHA H CaMOO4HILEHHA BOAOEMOB B
X0nogHoe BpeMA roaa NpoOHCXoAHTb He Byaer.
(TAWb He3HAYHTENbHAA YacTb OPraHH4YECKHX
BelecTs Gyaer noasepratbCa OKHCIEHHIO KHC-
OpPOAOM, KOTOPbIN pacTBOpeH B BOAE BOAO-
eMa. OgHaKO KOHCTaHTa CKOPOCTH notpebne-
HHA KHcaopoaa npH 5'C 6yger B 2 - 3 pasa
HHXe, 4YeM netoM. CnegoBaTellbHO, TObKO
o4yeHb He3Ha4YHTeNbHad 4YacTb OPraHH4ecKHX
BellecTs Hyder MHHepanv3oBaHa, B TO BpeMms
KaK, fonbliad HX 4acTh OCTAHETCA B BOAE H
CMOKET NomacTb K MnOTpeduTenio NUTbeBo
BOAbI, TaK KaK COOpPYKeHHA BOAONOArOTOBKH
avuleHbl GHOMOrHYECKOH OYHCTKH. B ToXKe
BpeMA, HEKoTopas 4YacTb OpraHHYeCKHX Be-
ILECTB MOXKET OCeadaTh Ha AHO BoAoeMa n 3a
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XOoAHOe BpeMa roaa NpoH30HAeT 3Ha4HTenb-
HOe HaKolaeHHe AOHHbIX OTNOXKeHHH H3 opra-
Huyeckux Beulects. C HacTynneHHeM TeEMNmnoro
nepHoga roga H INporpesaHHeM BCEro cnos
BoAbl BOJOeMa A0 TeMneparypbl Bbllle
12 - 15”C opraHn4yecKkHe BellecTBa (OHHBIX
oTnoxKeHHN GyayT noasBepraTbCA aHaspoOHOMY
cOpaKHBaHHIO C BblAeNeHHeM ra3oB CEpoBOAO-
pofa W Merana. B nepuoa HHTEHCHMBHOINO
cHparkHBaHHA [AOHHBIX OTNOMKEHHH Belrka Be-
POATHOCTb 3amopa pblObl M yXyaAlleHHA Kavec-
TBAa BOAbl B BogoeMe. Ha Haw B3raaa, eAHH-
CTBEHHO BEPHbIM pelleHHeM MOoMeT ObiTb
npekpatlieHde cbpoca B BOAOEM C OHHILEHHbIMH
CTOUYHBIMH BOAAMH AAKEe CAMbIX MalblX KO(H-
4YeCTB OpraHn4yeckHX 3arpasHeHdHd. A 3TOro
MOJKHO AOCTHYb TONBKO NPH HANHYHH Ha NioOoH
cTaHUMH raybOKOH [AOOYHCTKH CTOYHBIX BOA.

BecbMa HH3KHe TpeboBaHHA pa3paboTaHbl H
Mo npHemy B ropo/AcKylo KaHanH3auHio TPOH3-
BOACTBEHHbIX CTOYHBIX BOd, coAepKalllX COIH
TAKEAbIX MeTanaosB, AAOBHTbIE MW BpeaHble
BelllecTBa. HanHuHe 3THX KOMIIOHEHTOB B
CTOYHOH BOAe TNepea O4YHCTHOH CraHuueHr
CyWIECTBEHHO 3aTPyAHAET ee 3IKChyaTalri
H 0cobeHHO COopyKeHHH BHONOrHIeCKOH OUHCT-
KH, a Tak ke 0o0OpaboTKH ocagkoB. (Jaxe H
Torda, Koraa yaaeTca BbIAEIHTh H3 OYHILIAEMOH
CTOYHOH BOAbI COMH TAMKEALIX METannos,
TO OHH TMOABAAIOTCA B 0CAAKAX, KOTOpbIe
TPYAHO YTHAH3HPOBaTb. [IpHMEHEHWE TaKHX
MHHEPAH30BaHHbIX H AdXe CTePHNIH30BAHHBIX
OCadKoOB B KadecTBe YyaoOpeHHH ABAAETCA
He Oe3onacHbIM MEpPONpPHATHEM, TaK Kak Bhipa-
lleHHble  CenbXO3NPOAYKTbH MOTYT Bbl3BaTb
HapylleHHe 300pOBbA N10AeA H AKHBOTHBIX.

[lo AaHHOMY BOTIPOCY AOMMKHO BbITb NPHHATO
OAHO3HAYHOE pECIUCHHE 3anpAllallee C6p0C
B TOPOACKYI0 KaHanu3allMio TpOH3BOACTBEH-
HbIX CTOYHBIX BO/1, COAEPKALUHUX CONH TAKENbIX
MeTanoB, TEXHHYECKHE Macna, HedTenpoayk-
Thi M [IPyrHe BpeaHble XHMHYECKHE BellecTBa,
faxe B Manbix KOHUEHTpaUKUAX. TAKHE CTOUHbIE
BOAbI AOMKHBI NOABEPraThCA caMoi rayboKoH
OMHCTKE HENocneACTBEHHO Ha NMPOMbILINEHHbIX
NpeAnpHATHAX, rae OHH 0BpasyloTca.

[pyro# NpHYHHON yXyAllleHHA Ka4eCTBa BO/bl
B BOAOeMax ABAAETCA HH3KaA HAOQeKHOCThb
3HAYHTENbHOH 4YacTH MPOEKTHbIX pelleHHH,
CBA3AHHBIX C OYHCTKOH CTOYHbIX BOA. 210
MOXHO OOBACHHTb TIONBITKOH pa3paborathb

THNOBbIE CTAHAAPTHbIE TEXHOMNOTHH H KOH-
CTPYKUMH OTAeNbHbIX COOPYXEHHH And yCKo-
peHHsA npouecca MpoeKTHpoBaHHA. [lpHMeHe-
HHe B MPOEKTHbIX pelleHHAX HOBOrO HecTaH-
AAPTHOTO MpHEMa HAM HE THIIOBOTO COOpYKe-
Hna 0ObIMHO CBA3AHO C ONpeaeaeHHbIMH TPyA-
HOCTAMH MO COTMACOBAHHIO TAKHX [POEKTOB.
Mobok, aaxe caMblA AOPOrOCTOAWHH NMPOEKT
COraacoBblBanca ¢ GOAbWOH M1erkocTbio, ecaH
BKlovan B CebA MonHbli Habop THMOBBIX
COOpY?KEeHHH.

B CO3AaBIIMXCA TPYAHBIX YCAOBHAX OCTaeT-
cA: anbo MpogoaKaTh 3arpA3HATL BOAOEMbI;
anbo pewiats NpobnemMy pacliHpeHHA CyLeCcTBy-
IOUIHX CTaHUMH; auOO MOBbILIATb HX MPOM3-
BOHTENBHOCTH 34 CYeT HHTEeHCH(HKAUHH pa-
60TbI OTAENBHbIX COOPY2KEHHH HOH NYTEM BHe/-
peHHA HOBBIX M NpPOrpecCHBHBIX TEXHOMOrHH
H KOHCTPYKLUHH, KOTOpbIE MOAYYHIH MOA0KH-
TenbHOE MOATBEPKAEHHE Ha MpaKTHKE.

JKCanyaTauua OYHCTHBIX COOPYXKEHHH,
KoTopble He obecneuHBaloT TpebyeMOH O4HCT-
KH M 3arPA3HAIOT BOAOEMbI — ABIAETCA MPecTyI-
neHreM. [10aTOMy TaKHe OYHCTHBIE COOPY/KeHHA
HeoOX0ANMO CPOYHO PeKOHCTpyHpoBaTh, a B
MIPOTHBHOM Cflyyae OHH MOAJeKaT 3aKPbITHIO,
anbo Ha HHX MPEeKPaTHTbL NPHEM CTOYHBIX BOA
OT NPOMBIILNEHHbIX NPEANPHATHA C KOHUEHTpa- -
UMAMKY  3arpA3HEHHA  HAPYIAIOUWIHNMH  PesnM
paboThl CTaHLMH. BbInonHeHHe 3TOro TpeboBa-
HUA ManosepoaTHo. [osromy Gonee npHemae-
MbIMH OCTAlOTCA /Ba APYTHX BapHaHTA,

0O/4HAKO paclUHpeHHe CyLUEeCTBYIOLHX CTaH-
HUMHA aspaUuK 3a CcuYeT YBeNH4YeHHA dyHcaa
THIOBbIX COOPYKEHHH TpeOyeT 3HauHTenbHbIX
KaMHTAbHBIX H 3KCNAyaTALMOHHbIX 3aTpar.

Hanbonee a¢d¢peKTHBHBIM CriocoboM MNoBbl-
LleHHA NMPOH3BOANTENBHOCTH 3KCIIyaTHPyeMbIX
OYHMCTHBIX COOPYKEHHH ABIAECTCA BHEApeHHe
HOBbIX BblCOKO3(pDEKTHBHBIX KOHCTPYKUHH H
TeXHOOTHH.

MepOonpHATHA [0 HHTEHCH(HKALIHH OYHCTKH
6bInM peann3oBaHbl HA MHOTHX CTaHUHMAX aspa-
uuH. Hanpumep, BblgaHbl pekoMeHAalHH Ha
PEKOHCTPYKLHIO CYLLIECTBYIOUIHX COOPY2KeHHH B
ropoaax Kupoee (BaTka), BopoHexe, Tambose,
MNeTpo3aBosacke, [lerpoasopue (leHHHIpaaCKOH
o6aacTH, KanremupoBke BopoHeckon obnac-
TH, AnekceeBke Bearopoackor obnacru, Pac-
cKa30B0 TaMbBoBCKoH 06nacTH 1 Ap. CyHOCTD
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npouecca HHTEHCH(HKALHMH 3aK1I04aeTCcA B
cTabHIM3alHH NOAa4H CTOYHBIX BOA W 3arpas-
HeHHR B HHX. [lnA 3THX uenen OblAM HCMONb-
30BaHbl pe3epByaphbl YCpeAHHTEH-HAKOIHTENH,
H3 KOTOPbIX CTOYHaA Boaa PaBHBIMH KonH4e-
CTBaMH Kpyrable CyTKH NogaeTcA Ha OYHCTKY.
KpoMe Toro, pesepByapbl HaKOMHTENH OQHO-
BpeMeHHO HCMOAb3YIOTCA A1A OKHC/IEHHA Conen
TAXENbIX META10B CEPOBOAOPOAOM H OKHCne-
HHA YacTH OpraHHM4€CKHX 3arpA3HeHHH B aHa-
3p0obOHO-adpOOHbIX YCNOBHAX, T.e. KaK MNpe/asa-
pHTenbHaa CTyneHb OHOMOTHYECKOM OYMCTKH
CTOYHBIX BOA., HHTeHcudHKaLHA NpoueccoB
MeXaHH4YeCKOM H BHOMOrHYeCKOH OYHCTKH CTOY-
HbIX BOA H 00paboOTKH OcCankoB BKAOYana B
ceOA BHeApeHHe HOBbIX KOHCTPYKUHH, a HMeH-
HO; pelleTokK, NeCKOIOBOK, NepBHYHbIX H BTO-
PHYHBIX OTCTOHHHKOB, a3pOTEHKOB, a TaK-e
MeTaHTEHKOB, aspoOHbIX CTabHNH3aTOpPOB, Ba-
KYyM-QHIbTPOB H APYrHX COOpyXeHHn. Bce
HOBbIE KOHCTPYKUHH H TEXHOAOMHH 3allHIleHb]
ABTOPCKHMH CBHAETENbCTBAMH H TATEHTAMH,

BHeapeHHe HOBBIX TEXHOMOMMHA H KOHCTPYKLHH
NO3BO(IHAO TMOBbICHTL NPOH3BOAHTENBHOCTD
CYLIECTBYIOLHX CTAaHUHA aspalHA B 1,5 ~ 2 pasa
NMpH OAHOBPEMEHHOM MOBbLILIEHHH Ka4yecTBa
OYHCTKH. [Ipi 2TOM 3aTparbi Ha PeKOHCTPYK-
LHIO CYLLIeCTBYIOIIHX COOPYKeHHH He npesblllia-
10T 30 - 35 % OT CTOMMOCTH anbTepPHATHBHOIC
BapHaHTa C THIIOBbIMH COOPYKEHHAMH H T€XHO-
(IOTHAMH, & 3KOHOMHA 3MNEKTPOIHEPIHH, faKe
Ha CTAHLMAX CpeAHeH NPOH3BOAHTENBHOCTH A0
50 TeiC,M?/cyT, cocrabnaer ot 20 MaH. go 30
MiaH. KBT B roa. Ha cranunax aspaunn KpynHbix
ropodoB KarHTadbHble 3aTparbl MOTYT ObiTb
6onee BeCOMbIMH. HMHCTHTYTOM «THMpONpOM»
HaKOMMNEH onpeaeneHHbIA ONbIT NMPOEKTHPOBA-
HHA NOPOACKHX CTAHUHH a’pallMi C y4eToMm HX
HHTEHCH(HKAUMH H BHeApeHHA B NPOEKTbI
HOBBIX TEXHOMNOTHA H BbICOKO3((PEKTHBHbIX
COOpYXKEHHH, M03TOMY B C/lyvae HeoOXoaHMoC-
TH HMEIOTCA WHPOKHE BO3MOXKHOCTH BbINON-
HHTb NoAoOHbIe PaboThl ANA PA3BHYHBIX NOPO-
A0B Nph (11060¥ NPOH3BOAHTENILHOCTH CTAHLIMH.
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YAANEHUE BHOTEHHBIX BEWECTB H3
rOPOACKHX ‘
CTOYHBIX BOQ BHOIOIMYECKHMH

METOJAMH
S e

3anerosa H.A.. K.T.H., Yaen-Kopp. 7KKA -
AOOT "HHH KOMMYRanbHOro BOAoCHabXe-
HHA H OYHCTKH BO/bI",

TE3HCbI

B COOTBETCTBMH C AEACTBYIOUHMMH [1paBH-
1aMH K Ka4yecTBy CTOMHbIX Boa. cBpa-
CbIBAaeMbIX B BOJOeMbl, MNpeAbABAAIOTCH Bbl-
COKHe TpeboBaHWA MO COAepXaHHIo coeau-
HeHHi asora n docdopa.

B Hacrofllee BpeMA OCHOBHbIM METOAOM
OYHCTKH CTOYHbIX BOAABAfercA OHomornyec-
Kafd OYMCTKa, Kak mnpaBHio, B a’poTeHKax.
[IpH NPHUMEHEHWH TAaKOH TEeXHOMNOIMH OMHCTKH
ynarieHne coefqrMHeHHH asoTa W ¢ocdopa AB-
AAOTCA CONYTCTBYIOWWHNMH. 3P PeKTHBHOCTh HX
M3BATHA He npesbitiaer 20-40%.

B HHMH KBOB paspaboTka TEXHOOOTHH ray-
6OKON OYHMCTKH CTOYHBIX BOA OT OHOreHHbIX
BellleCTB BeAeTCA YyXKe B TeyeHHe pAda rier.
HcecnegoBatia  MeTOAOB  OYHCTKH  BBINO/HA-
AMCb B 1aBOpAaTOPHbIX YCAOBMAX M Ha OMbIT-
HO-MIPOMBILI/IEHHBIX COOPYXeHHAX B ropodax
TuxBuHe, Yenabuucke u ap.

Ha nepeoM 3Tane vCCeaoBaHuA n3yvanacb
TexHonorna yaanenna ¢ocdopa, coveralollan
TpAgNLMOHHble BHOMOTMYeCKHe H XHMHYeCKHe
npoueccol, HMccaneqosad Uenbll pAA TEXHOIO-
run yaanewna ¢docgopa 3a cuer obpaboTky
BO/bl Pa3IM4HbIMH DeareHTaMH Ha OTAEeNbHbIX
sTanax Ouoaornyeckon ounctky, [lokasaHo,
YTO  KamdarR cxeMa  BHOAOrO-XMMHUECKOW
OYHUCTKH HMeeT KaK T[peHMyllecTBa, TaK ¢
orpatinyeHna B o61acTH ee NpHUMeHeHHA.

Hanbonee cylecTBeHHbIM MpenATCTBHEM
AnA nNpHUMeHeHNnA ABAAETCH Bonban
rotpebHocTh B pearedTe. [l03TOMy AanbHen-
e HccaeqoBaHuA OblaM  HanpaedeHbl Ha
MoANGdHKaUHID GHONOrHYECKON OYHCTKH,

flnA yaaneHus ¢ocdopa HCCAeIoBaH Mpo-

uecc OGHONOrHYecKon OYHCTKH, MOAH(HUNDO-
BaHHbIH 3a cyeT o6pabOTKN pPeunpKyaHpylo-
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NUTRIENTS REMOVAL FROM MUNICIPAL
WASTE WATERS
BY BIOLOGICAL METHODS

Zaletova N.A., associate member Municipal
Academy, M.Sc.(Eng.),

Municipal Water Supply and Treatment
Research Institute.

ABSTRACT

According to modern regulations there are
certain demands to quality of waste water
before it enter to water bodies. This de-
mands concern to organic matters and nutri-
ents - compounds of nitrogen and phospho-
rus.

At present the main method of waste
water treatment is biological treatment in
aeration tanks. In this technology phosphorus
and nitrogen removal is additional processes.
As a rule effectiveness of this processes is
not more then 20-40%.

NI KVOV is carried out investigations of
technology of nutrient removal for several
years. The investigations of various methods
were done on a laboratory scale and on pilot
plants on treatment plants of towns -
Tchelyabinsk (URAL), Tichvin (Leningradskaya

| oblast).

‘On the first stage of investigations the
technology of phosp‘horus removal by com-
bination of chemical and traditional biological
treatment was studied: some schemes of
removal phosphorus by addition various types
of reagents in installation of biological
scheme, It was showed that each scheme of
biological-chemical treatment has some ad-
vantages but certain limitations for its appli-
cation.

The most important - is big requiring of
reagent. That is why further investigations
had aim to modify biological treatment.

Modified biological process  was
investigated  then. Modification included
treatment of recirculated activated sludge in



Iero Hia B aHa’spobHbIX: YCIOBHAX Mepes
nogaver ero B asporedHk. OteHeHbl AMHaAMHKa
BbicBOOOMAEHHA (ocdartoB a aHaspPOOHBIX
YCIOBHAX, BbIABAeHbl TYTH HWHTeHCHM(HKALHH
npouecca  OYHCTKH.  [JOCTHrHYT  adpdeKr
yaanehna ¢ocgaroB Ha 85-90%.

KpoMe Toro,BbInoaHeHbl XHMHUYECKHE H ar-
POXHMHUYECKHe HcnbiTanuA P-Ca-cofepakalliero
ocagka, oOpasylolleroca B pesyqbTate O4YH-
CTKH IO 23TON cXeMe. HcCneqoBaHHA nokasa-
AW, YTO TakoM OCAd0K MOXeT ObITb HCNOb-
30BaH Kak 3d¢eKkTHBHOe yaobpeHHe,

Aaa yaaneHHA asora HMCMbITaH Merod aABYX-
cTyrneH4aTol 6GHOMOrH4eckod HHTPHGHKaLHNH-
Aeantpndukaunn., B pesyasrare  OUHCTKH
AOCTHTHYTO - OCTaTOMHOe codepxaHHe BITK 15
< Mr/n, aMMOHHA CONeBOr0 < 2 Mr/n, HUTpa-
ToB < 10 Mr/a. Ha Ga3e >KCrnepHMeHTanbHbIX
pabor paspaboraHa MartemMaTHyeckaa Mogedb
H cocTaBaeHa nporpamma pacyera Ha [13BM
mMetoqa OHOMOrHYeckon  HHUTPHQHKaLHHN-Ie-
HUTpHGHKaUKH.

AnA HHTeHCHOHKALWK NpoLecca yaaneHns
asoTa B aj’poTeHKax mnpednokeHa M H3ydyeHa
TEXHOIOTHA  GHONOrHYECKOW  OYHCTKH €
MCMOAb30BaHNEM  MHKPOOPraHHu3MoB,  pH-
Kpen/ieHHbiX Ha CHHTeTHYECKOM KyCKOBOM
HOCHTeNe naW HOCHTEne B BHAEe LWHYPOB
NAOTHOCTLIO MeHbule eanHnibl. Hocurenamn ¢
NpHKperieHHon  MHKpodaopo#n . obecneynsa-
eTcd BbICOKHA YpoBeHb CTabHIbHOCTH CHCTe-
Mbl 6HOMOrH4YECKOH OYHCTKH. [lpHMeHeHHe
pa3paboTaHHbIX TEXHONOTHA OYMCTKM MO3BO-
1AeT NOBbICHTb CKOPOCTb YAaneHHA a3zoTa B
2-3 pa3za.

das royboOKORM OYMCTKH CTOYHBIX BOA OT
aMMOHMA COeBOro M OpraHH4ecKHX BelllecTs
paspaboraHa  TexHOMOrHA  GHONOrMYECKOR
AOOYHCTKH Ha HALTPAX C HCMOAb3OBaHHEM
3epHHCTOr0 MarepHaaa TIOTHOCThIO MeHblle
eanHnupl.  HccnegoBaHMA TNoKasanW, YTO B
3arpy3ke HAyT npouleccbl OKHC/IeHHA opraHn-
YeCKNX BewlecTs, HWUTpuUdHKaLMK, ageHnTpH-
(¢pnKaunH, 3agepKaHHA B3BeleHHbIX BellecTB,
M3bATHA Hedrenpoayktos, CIAB, ruapoauns
COKHBIX (POPM OpPraHMYeCcKHX H OHOreHHBIX
BELLECTB.

Moryr . 6bITb
KOHLIEHTpaLHH

B  peayabtate  QYHUCTKH
[AOCTHTHYTbI ocTraToyHble
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anaerobic  conditions before feeding to
aeration tank. It was studied the possibility of
sludge to release phosphates in anaerobic
conditions, determined the ways of
intensification of process.

Due to this the effectiveness has been
reach up to 85-90%. P-Ca-containing sludge
which formed as a result of the process was
subjected to agrochemical testing. It was
showed that this sludge can be used
successfully as fertilizer.

For nitrogen removal number of biological
methods were studied as well,

Method of two-staged biological nitrification
* denitrification was studied. As a result there
were reached in effluent BOD <« 15 mg/l, NH,
- 1-2 mg/l, NO; - 10 mg/l. On the base of
experimental results mathematic model and
program for calculation of proses were made,

To intensify process of nitrogen removal
technology of biological treatment with utili-
zation of suspended and immobilized mi-
croflora has been introduced and studied. As
a carrier synthetic material in forms of lasers
or rope with density < 1 g/6m3 was used.

The applied carrier provided very high
stabilization level of biological treatment and
allowed to increase nitrogen-removal rate by
2-3 times.,

For deep removal of ammonium and or-
ganic matters from biologically treated waste
water technology of biological treatment has
been worked out. The technology is based
on utilization of filters loaded with grain type
carrier with density < 1 g/cm3. The investiga-
tion showed that processes of oxidation of
organic matters, ammonium, oil based prod-
uct and detergent, hydrolysis of complicated
compounds, removal of suspended solids are
taking place in the filer bad.

As a result the concentration of NH4 <
0.5 mg/l, BOD - 3 mg/l can be obtained in
effluent.

All investigated technologies of phosphorus
and nitrogen removal are protected with pat-



aMMoOHHA coneBoro < 0.5 Mmr/a, BIIK < 10
mr/a.

ice HccneaoBaHHbIE TEXHOMOTHH yaaneHna
asora H ¢ocdopa 3awiniiedbl nNateHtamu Pd
H/HOK COAEPAKaT "HOY-Xay'.

TexHOMOrHH MOryT ObiThb HCNOb30BaHMbl Ha
BHOBb CTPOAIWIMXCA H  PEKOHCTPYHpPYeMbix
OYNCTHBIX COOpyMeHnax mobon NponaBoan-
TenbHOCTH. B Hactosllee BpeMA BeaeTcA
paspaboTka YyCTaHOBOK 3aBOACKOTO HM3roTos-
NeHHA C NpHMeHeHHeM H3Y4eHHbIX NpouLeccoB
OYHCTKH.

Taknm oOpasoM, paspaGoraH paag 3¢ddex-
THBHBLIX METOAOB OYHCTKH - CTOMHBIX BOA OT
OnorenHbiX BelllecTB, MO3BoAAOUIKX obecne-
YNTb YCTAHOB/eHHbIe TPeOOBAHHR K KauecTBy
OYHUIEHHBIX CTOYHbIX BOA.
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ents of Russian Federation and/or content
"know-how",

New developed technologies can be
applied both either on newly buiit or already
operated waste water treatment plants of any
capacity.

New methods are allowed to meet up to
date requirements to waste water treatment.
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oXparbsl OKpyXaloweH cpeasl, K.T.H.,
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AHH marepranos 31eKTPOHHOH TEXHHKH,
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Ha npeanpHATHAX, NPOH3BOAALLMX NPHGOPLI
C AETANAMH M3 TYTONNABKHX MeTAN10B, A0CTa-
TOYHO OCTPO CTOHT MpobneMa YTHAH3ALHH
OTpaboTaHHbIX MoGHGAeH-BONbGRPaM COAepHKa-
wHx pacrsopos (MBCF), Hcnonb3yeMblX B Tex-
HOMOTHYECKOM UHKae /0 [MOBEPXHOCTHOro
XHMHY€CKOro TpaseHHA. B pesyanrate Xxummu-
4e€CKOro TpaB/eHHA B paCTBOPbI NeEPeXoaHT
Ao 10% orpabatbiBacMoro Meranaa. Moanbaen
H BOAb(pamM ABNAIOTCA AeHLUHTHBIMH H Aopo-
FOCTOAWHMH MerannamMH. 3HaveHnAa [1AK sTHx
3(IEMEHTOB B BOAHBIX OOBEKTax AOCTATOYHO
Maabl K cocraBasior 0,25 H 0,05 mr/n haﬂ
mMonubaeHa w Bobdpama COOTBETCTBEHHO,
3agavya yruausauMn MBCP H 3KOMOrM4eckon
4YHCTOTbl NPOLECCOB XMMOOPabOTKH 3THX Me-
Tannos ABAAETCA NPAKTHYECKH HepelleHHOM.

Llenblo HacroAwen paBoTbl ApafeTca H3y4e-
HHe BO3MOXHOCTH yTHAn3aUHH MBCP ¢ Hcnonb-
30BaHHEM peareHTHbIX (1,2) H 6HOCOPBUHOHHBIX
{3) MeroaoB, obecneyHBaOLHX noay4eHHe
LieaeBoro npoAyKTa, NPHrOAHOTO 414 NOBTOPHOTO
HCTOb30BAHKA B NMPON3BOACTBE (heppOCIIaBoB.

JKCNepHMEHTbI MPOBOANMNCH Ha LLENOUHBIX
MBCP, xaKk Hanbonee 4acTo HCIOb3yeMbix
AR XHMOOPAaGOTKH MONHOAEHOBBIX H BObdpa-
MOBBIX H3flennn. Moanbaen W BoabdpaMm npH-
CYTCTBYET B HMX B BHae Monubaaros w
BONb(PpaMaToOB COOTBETCTBYIOLLENO ILENOYHORO
MeTanna. THIHYHBIA COCTaB eNI0YHOro MBCP,
noaaexailero nepepabotke nocae TpabBleHHsA
MonnbaeHoBbIX 1 BONb(paMOBbLIX H3AENHH,
KOTOpbIA 6bln HCNIONb30BaH NpH MpoBeaeHHH
JKCMEPHMEHTOB, npeacTasBaeH B Taba. 1.

W- AND MO-CONTENT
SOLUTION

AND WASTE WATER WASTAGE
L ]
Karavaiko G.l., corresponding member
of Russian Academyof Science,
doctor of science INMl,
laboratory chief, Moscow
Zakharova V.I., senior research worker
of Moscow Institute
of steel and alloys,
candidate of science
Dmitrieva T.V., preservation of the
environment department chief,
candidate of science, Kaluga
Babina Z.F., engineer, Kaluga
Fetrik F.M., deputy main engineer,Kaluga
Mishalkin A.V., laboratory chief, Kaluga,
Scientific-Recearch Institute
of Electronic Technique Materials

Factories manufacturing devices with
parts from refractory metals have a great
problem with W- and Mo-content solutions
wastage. These solutions are used in the
chemical . etching process. Approximately
10% of treated metals contribute to the
solutions as a results of chemical etching.
These elements tolerance limits in water so-
lutions are rather small 0.25 and 0.05 mg/L
for Mo and W respectively. Mo- and W-content
solution wastage and these metals chemical
treatment process ecological cleanliness pro-
blems has not been still solved.

This work objective is investigation of Mo-
and W-content solutions wastage possibility by
reagent (1,2) and biosorption (3) methods
providing product, for the second usage - in
ferroalloys production. -'

Alkali Mo- and W-content solutions as more
often used Mo and W products chemical
treatment has been used in these experiments.
Mo and W are available in the form of molybdate
and tungsteanate of respective alcali metal.
Typical Mo- and W-con-tent solution after Mo and
W parts etching process being used in
experiments is shown in Table 1.
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Tabnuua 1 Table 1
KoMnoHeHT ConepKanne, r/n Component Content, g/L
NaOH 170-245 NaOH 170-245
Mo 14-80 Mo 14-80
W 0-12,5 w 0-12.5
Si 0,35-0,37 Si 0.5?—0.37
Mg 0,007 Mg 0.007
Cu OTCYTCTBYET Cu not found
Ca OTCYTCTByeT Ca not found |

[TonoxHUTenbHbIE pe3yrbTaThl [0 peareHTHo-
My Bblaedernio MoaHOaeHa H  BoabgpaMa
B BHAE LeNeBoro npodykra, MPHroAgHoro aAas
NOBTOPHOIO HCMONbL30BAHHA B NPOHU3BOACTBE
¢deppocnaasos, Oblan noayveHnl MpH 06pa-
6oTKe npeaBapHTENbHO MOAKHCNEHHBIX MBCP
pacTBOpaMH Xn1opHAOB Kanbuua H xKeneza (I11).

MNocneaosareabHoe sBeaetne B MBCP kucno-
Tbl (10 CHABLHOKHCIOWN Cpeapl), a 3aTeM Crexe-
OMEeTPHYECKHX KOMHYeCTB X(IOPHAOB Ka/bliHA
HaH 2Kene3a obecrnevyHBaeT BblaeneHHe OCHOB-
HOW MacCh! UeneBbiX MeTam1os:

{
¥

O6pazylowMecs NpH COBMECTHOM peareHT-
HOM oCaxAeHHH dneMeHToB ( pH=8-9 ) TBepabin
ocagok moanbaara n poabgpamara KanblHA
conepxHT Ao 40-45 macc.%, a pepprmonnbaa-
Ta u ¢eppuBonbgppamara ( pH=2,2-2,8 ) ~ go
26-30 macc.% ueneBblX MeTannop. Bonee BblI-
cokas rnybuna ounctkn MBCP gocTuraerca npu
HCMONb30BaHHHK XNopHaa xKeaesa (lll) B Kavectse
peareHTa-0caanTena ~ ocTaroMHaa KOHLUEHTpa-
uMA MonubaeHa MPH 3TOM MOMET AOCTHraTh
NECATbIX AONEH T/fl, NPH CAefOBbIX KOH4e-
cTBax Bonbgpama. OcraToHHoe CcoAepKaHHE
MoanbaeHa B MaTOUHOM pacTBOpE Nocne ero
06paboTKH X10PHAOM KaabUMA COCTaBAReT
OKono | r/a, BonbpaMa He oBHapyxKeHoO.
O6pasyolMACA TBEpAbIH OCAAOK ABNAETCA
LUeHHbIM BTOPHYHBIM ChIpbheM.

B naboparopun MHKpobHO# TpaHchopMaumy
MHHepanoB MHCTHTYTa MHKpobnonornn PAH
co3aaHa KOANeKUHA MHKPOOPraHH3MOB, Cenek-
THBHO COPOHPYIOIMX peaKo3eMenbHble 3e-
MeHTbI, TyronnabBKkHe pefikHe, a Takxke 6naro-
pognble H HEKOTOpble TAMXKeable MeTaaabl.
B xone pabotbl onpobosatbl naTh NMPOMbILLAEH-

Na,MoO, + CaCl, = NaCl + CaMoO,|
Na,WO, + CaCl, = NaCl + CaWO,}

Na,Wo,+2HCI+H,0=W0,x2H,0+2NaCl]
3Na,MoO, +2FeCl,=Fe,0,x3Mo0,=6NaCl|

Positive . results for Mo and W reagent
extraction as a product for second use in fer-
roalloy production has been obtained during W-
and Mo-content solutions treatment with Ca-

and Fe-chlorides preacidification.

Acid and then stoichiometric CaCl and FeCl
sequential introduction into Mo- and W-content
solutions provide these metals extraction

"

o

Joint reagent element precipitation (pH=8-9)
results in solid calcium molybdate and tung-
stenate precipitates containing up to 40-45
mass % metals and ferrimolybdate and ferri-
tungstenate (pH=2.2-2.8) containing up to
26-30 mass % metals. Better Mo- and W-content
solution purification has been obtained by
FeCl(lll) usage as reactant-precipitate and Mo
residual concentration may achieve decimal
fraction of g/L with tungsten traces only.
Residual Mo content in mother solution is
around 1 g/L after its CaCl treatment, tungsten
has not been determined. Resulting solid precip-
itate appeared to be valuable second raw material.

Na,MoO, + CaCl, = NaCl + CaMoO, |
Na,WO, + CaCl, = NaCl + CaWO,

Na,Wo,+2HCI+H,0=WO x2H_0+2NaCl}
3Na,MoO,+2FeCl,~Fe, 0,x3Mo0,=6NaCl|,

In order to provide complete Mo extraction
from Mo- and W-content solutions, treated by
reagents a work to select production biomass-
maste has been performed and results show
possibility of biosorption technology usage.
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HbIX HHOMACC Ha npe/AMeT onpedeneHHa CTaTH-
4eCKOHM COPOLIHH eMKOCTH H MOMHOThI H3Bae4e-
HHA BonbdpaMa H mMonubaeHa M3 pacTBOPOB
rnocne peareHTHOro oCaXAeHHsA. YCTaHOBIEHO,
yro copbuMOHHAA €MKOCTh cocraBaser 80-
200 Mr MeTanaoB Ha OAHH T'paMM CyXxoH
6HOMACChl, MpPOLEHT H3BaeYeHHA MonnbaeHa
aoctHraer 94,4-98,6% sonbdpama ~ A0 Cneqo-
BbIX KOOH4ecTB. [lecopOeHT HanpaBaaerca Ha
peareHTHOe ocaxaeHne. CieayeT OTMETHTD, YTO
NOCKONBKY COPBEHT noay4eH MmyTeM HMMOBHAH-
3aluH 6HoMacchl B NOMHMEPHbIE HOCHTENH NpH
COXpaHeHHH COPOLIHOHHBIX CBOHCTB, TO MeXaHH-
Yyeckad Mpo4HOCTs copbeHTa obecnevuwnBaer
MHOFOKpaTHoe NpoBedeHHe npouecca «copb-
unA-gecopbuuar. B Kadecrse HHoMacchl MOTyT
ObITh HCNONb30OBAaHbI HElNATOreHHbIE OTXOAbI
MHKPOOHOMOrHYECKOH, MHIIEBOH H MEeAHLHH-
CKOH NPOMBILLIIEHHOCTH, 4YTO 3KOHOMHY€ECKH H
2KO0rM4eckn uenecoobpasnen Mo CpaBHEHHIO
C NpHUMeHeHHeM HOHHOOOMEHHBIX CMOfl.

Ha ocHoBe npoBeAeHHbIX HCCNEA0BAHHNA
paspaborana 3aMKHYTad CxeMa BbldedeHHs
monnbaena v Bonb¢paMa M3 MBCP (puc.l).

B Te4YeHHH AeCATH LHKNOB copBunH-aecopb-
unH (10% NH,OH ) ¢nsnyeckoe cocronaHHe
copbeHTa H TeXHONOrHYECKHE MoKa3aTenH OCTa-
1oTcA 6e3 nameHeHnH, HaBneueHHe MonnbaeHa
H BonbdpaMa cocraBaser 953%, raybuHa ouu-
CTKH 1o MoanbaeHy 10-20 mr/a, no Boabgpamy
- CeAoBble KOMHYeCTBA.

[IpoBegeHHbIE HCCNeAOBAHHA ABHAHCH OCHO-
BOKH MPOMBIIUNEHHON TEXHOMOMHH YTHAH3ALMH
MBCP n npoMmblilneHHbIX (CTOYHLIX) Bod, B pe-
3yabTaTe BHeAPEHHA pe3yabTaTos paboThl MOXK-
HO MNpeaoTBPaTHTh SKOMOMHYECKHH ylieph H3
pacyera ~0,92 MaH, pybnen Ha Kaxable 100 Kr
BOAb¢dpaMa, y4acTByoOILErO B IPOH3BOACTBE, H
~0,610 maH. py6aet Ha Kaxkaple 100 kr MoaHBaeHa.
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In the laboratory of material microbe trans-
formation in the Institute of Microbiology of
Russian Academy of Science these is a
collection of microorganisms which selectively
sorbite rare-earch elements, refractory, rare,
noble and heavy metals. Five industrial bio-
masses have been tested in order to determine
static sorption capacity and complete extraction
of W and Mo from the solutions after reagent
precipitation. It was founded that sorption
capacity is 80-200 mg metals per 1 g biomass,
extraction of Mo has achieved 94.4-98.6%
and W traces were determined only. Desorbent
has been reagently precipitated. It is noted
that due to the fact that sorbent has been
produced by biomass immobilization into
polymeric carriers retaining initial sorption
sorbent mechanical strength provides multiple
process «sorption-desorption» realization. Unpa-
thogenous wastes of biological, food and me-
dical industries have been used as biomass
which is advisable from economical and ecolo-
gical points of view comparing in ionoexchange
resin application.

Closed teéhnological cycle of Mo- and W-ex-
traction from solution has been developed on
the base of these investigations (fig. 1).

During ten sorption-desorption cycles (10%
NH,OH) physical sorbent state and technological
parameters remained stable. Mo and W extraction
is 95%, Mo purification is 10-20 mg/L, W-traces
has been only observed.

These investigations are the base of indus-
trial technology for Mo- and W-content solution
and waste water wastage. This work results
application can prevent money loss around
0.292 min, roubles per each 100 kg W and
0.610 min. roubles per each 100 kg Mo used
in production processes.
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Puc. 1.  TlpunHuunuanbHas TexHonoruyeckas cxema yrunuszaunun MBCP.
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glg ' _ Water

Biosorption - [Mo] 520 r/n

N | ( Drying)

Washing H O

Desorption k‘ NH4 OH (10%)*

[Mo]=1.5-2.0 r/n

]

Fig. 1. Block scheme of Mo- and. W-content solution wastage.
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- HOBBIE HATNPAB/IEHHA
HCNObL30BAHHA MHHEPAIBHBIX
COPBEHTOB B TEXHOMIOI'MH OYHNCTKH
CTOHYHbLIX BOA

. ]
Kapaceba B.1., K.T.H., cT.H.c., HM[F2
Opnosa M.A., K.X.H., CT.H.C.,
MY um. M, B./lomornocosa
loaybuos H.B., K.T.H., QONEHT,
My um. M B./lomoHOCOBa
Muxaraos A.B., K.T.H., cr.H.c., BHHHTII

MHHepaabHble COpPOEHTbI, B TOM 4HCME
TOpd H UEONUT YCNEWHO NPHMEHAIOTCA MpH
peluleHHH NPHPOAOOXPaHHTENbLHbIX 3ajad.
OAHako, BO3MOXHOCTH 3THX MarepHanoB He-
HCYeprnaHbl, H MOKHO NOMYy4HTb HOBble COpOEH-
Tbl C CHHEPrHYECKHM JEHCTBHEM, YTO H ABAA-
eTCA NpeaMeroM aaHvo#t paborsl, HoBbiM B
3TOM HalpaBAeHHH ABIAETCA HCNONb3OBAHHE
KOMIMO3HUHA pa3an4Horo BHAA MHHEpanbHbiX
copbeHTOB. ONpoGOBaHHLIM BAPHAHTOM TAKHX
KOMMO3HUMA (OYHCTKA HIAXTHBIX BOA, OT Opra-
HHYECKHX KpacHTenen, pagMOHyKAHAOB) ABNA-
0TcA TOopdoUeOnHTOBble KoMNo3HuuK (TUK)
pasHoro cocTaBa. Kak MpaBHaO, B MpPOMbIL-
NeHHOCTH TMPHHATO HCNONb30BaTh TEXHONOTH-
YeCKylo Lienoyky ¢ HeckonsKMMH TLIK. Kpome
Toro, 3(eKTHBHOCThL OYHCTKH YBeAHYHBa-
erca npn moandukauud TUK sbicOKoMoOneky-
AAPHBIMH TOAM31EKTPONHTAMH.

HayuHblft acnekT pa3pabOOTKH TakHX Mare-
pHanoB 3aKnlovaeTcAd B HCCNeAOBaHHH COp6-
UHOHHBIX CBOHCTB pasanqHbix TUK, B TOM
4yncae W MOAH(HLMPOBAHHBIX MOMH1EKTPO-
(HTaMH pa3HbiX KAACCOB HA MoAelbHbIX H
peanbHbIX pacTBopax. flanee HeobXoanmMo onpo-
6oBaHHe TeXHONOTHHECKOH LEMNoOYKH, paspa-
6arblBaeMOH A1A pelleHHA KOHKPETHOW MpH-
ponoexpaHHOH 3aauH,

B naHHo# pabore npoBeaeHbl HCCaea0BaHHA
COpOLHOHHBIX CBOHCTB pasnHuHbiX TUK aas
pellerna cneayounx 3agqad: OHHCTKa CTOYHBIX
BOA AaHHIHHOBOrO TMPOH3BOACTBA, KpacCHIb-
. HOTO MNpOH3BOACTBA, MOCAE OYHCTKH NOAH-
3THAEHOBBIX MIEHOK, OT HedTeMacaonpoayx-
TOB H PafAHOHYK(TH/OB.

Ha ocHoBaHMH AaHHOH paBoTbl MOMKET Npo-
BOANTHCA MPOrHOCTHYECKHH aHaH3 HOBO-TO
MHHEPANbHOrO CbIPbA H HOBbIX 0OBEKTOB
€ro HCrnonb30BaHHA,

THE NEW DIRECTION
OF MINERAL SORBENTS
EXPLOITATION IN THE SEWAGE
DISPOSAL TECHNOLOGY
. ]
Karaseva V.., Ph.D.,
senior researcher, IMGRE
Orlova M.A., Fh.D.,
senlor researcher, Moscow State Universily
Golubtsov LV., Ph. D.,
reader, Moscow State Universily
Mikhallov A.V.,Ph.D.,
senior researcher, VNIITF

The mineral sorbents in particular
natural zeolite and peat are used for solution
of nature-oriented problems., However, the
possibilities of these materials may be ex-
tended to receive new sorbents with com-
bained action. The problem is the object
of our research. It is connected with using
of different mineral compositions. The veri-
fied version of these materials are different
peat-zeolite compositions (PZC). In industry
it is worth while to use technological chains
with some PZC. The effectivity of sewage
disposal is increased for PZC modified by
high-molecular polyelectrolytes.

Scientific aspect of using of these mate-
rials is consisted of investigation of TZC
sorption properties in model and real solu-
tions. Besides, it is need to test the techno-
logical chain for concrete nature-oriented
problem.

In our work the research of TZC-sorption
properties for solution of some real problems
is conducted: purifying of sewage dispo-
sal aniline and painting productions and
purifying from mineral-oil-products and radio-
nuclides and others, o

Taking into account our work it is real to
make the prognostic analyses of new mineral
raw materials and new objects of its using.
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MPAHLIMILI HCITONb30OBAHHA
OBPATHOOCMOTHYECKOI'O
OBECCO/(IHBAHHNA BO[Ibl
HA 3AEKTPOCTAHUHNAX
]

Kapeann ®.H., A.T.H.,

Taparyra B.A.,

[Opyesckun E.b.,

KaHAHAAaTb! TeXH, Hayx (BAHHAM)

PaCCMOTPCHbI MPHHUHIBI  HCNOMb3OBAHHA
OﬁpaTHOOCMOTH‘-leCKOI‘O obecconrHBaHHA BOAbI
A0A yMeHblI€HnA pacxoda peareHToB H COKpa-
lIEHHA BINOTb A0 NAHKBHAAUHH CONEBbLIX C6p0—
COB OT XHMBOAOO4YHCTKH Ha 31€KTPOCTAHLHAX.

OcHOBHBIM cnocobom obecconvBanna noda-

BOYHOH BOAbl Ha TEMNMOBbIX H ATOMHBIX 3N€K-
TPOCTAHUHAX ABNAETCA HOHHbIM 0OMeH. Ha pe-

reHepaLHio HOHMTHDBIX (PHABTPOB 3(1EKTPOCTaH-

UHAMKH CTpaHbl OPHEHTHPOBOYHO pacxogyerca
exeroqHo 0,5-0,6 MAH.T CEpHON KHCNOTbl H
0,4-0,5 maH.r eakoro Hatpa. [IpH 3TOM B BOAO-
HCTOYHHKH CO CTOYHBIMH BOAAaMH BOAONOAro-
TOBHUTENbHBIX ycraHoBOK (BI1Y) snekTpocran-
uni cHbpacbiBaeTca MPHMEPHO 2 MAH.T COneH
B rog. -CokpallieHHe pacxo4oB NPHMeHAEMbIX
B TeXHONOrMYECKHX [poueccax peareHTOB
M KONHYECTBa Cofed, cOpachiBaeMbiX CO CTOY-
HBIMH BOAaMH, npHoOpeTaeT B Hacrofllee
BPEMA 0COOEHHYI0 aKTyanbHOCTb B Pe3ynbTaTe
yXyAlleHHA 3K0norH4ecKon o6CTaHOBKH, a Tak-
Xe n3-3a HeobxoanmoctH obecrneyenun Gonee
pauHOHANbHOTO HCMONb3OBAHHA MHHEPanbHbIX
pecypcoB crpaHbl. OAHHM H3 MepCneKTHBHDLIX
HanpaBeHHH B PelUeHHH YKasaHHbIX npobnem
ABAAETCA TpHMeHeHHe B cxemax BIlY ycra-
HOBOK 006paTHOOCMOTHYECKOro 0becconHBa-
HHA (YOO) BoAbl.

Hanbonee H3BeCTHaA TEXHONOrHYECKan cxe-
Ma NpUTroToBaeHHA A06aBOMHON BoAbl Ha TOC,
B KOTOPOH HCronb3yloTca YOO, BKaio4daer
YCTPOHCTBA A1A OCBETEHHA MCXOAHOWM BOAbI,
AA NpeAoTBPaLIEHHA OTNOMKEHHH MANOPacTBO-
puMbIX coner (Kapbonata H cynbgara KanbLUA),
YaCTHYHOE 06PaTHOOCMOTHYECKOE 06eCCconHBa-
HHE H nocneayollee rnybokoe obecconusatue
C HCMOMb30BaHHEM HOHOOOMEHHHKOB (pHC. 1).

THE CONCEPTES
OF REVERSE-OSMOSIS DEMINERALIZATION
OF WATER
AT POWER PLANTS
. ]
EN. Rarelin, Dr.,
V.A. Taratuta, Fh.D., E.B. Yurchevscii Fh.D.
All-Russia Research Institute
of Nuclear Fower Engineering (VINIIAM),
Moscow, Russia

The conceptes of reverse-osmosis water
demineralization, reducing the consumption of
reagents and completely excluding salt-water
discharge from chemical water-treatment facil-
ities at power plants, is discussed.

The basic method of demineralizing the
makeup water at thermal and nuclear power
plants involves ionic exchange. The regenera-
tion of ion exchangers at Russia“s power plants
requires 0.5-0.6 million tons of sulfuric acid
and 0.4-0.5 million tons of sodium hydroxide
annually. Water-treatment systems at power
plants discharge about 2 million tons of salts
with wastewater annually. It is therefore very
important to reduce both the consumption of
reagents used in technological processes and
the amount of salts discharged with the
wastewater because of the deteriorating ecolog-
ical system and the need to ensure more
efficient utilization of mineral resources. We
consider the use of reverse-osmosis installa-
tions in watertreatment systems to be a
promising trend in solving the above problems.

The most widely known system for the
treatment of power plant makeup water by
reverse osmosis includes facilities for clarifying
the incoming water, preventing deposits of
poorly dissoluble salts (such as calcium
carbonate and sulfate), and the partial revetse-
osmotic demineralization and subsequent thor-
ough ion-exchange demineralization (Fig.1).
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PHC.1. CxeMa npHroroBaeHna goHaBoy-HOM
Boapl Ha TOC, B KOTOPOH HCNIoab3yerca YOO.

I'ncxognaa Boga; 1l-KoHUeHTpar YOO;
lll-obecconenHas Boaa; IV-pacToBop cepHOKHC-
aoro amwMHHHA; V-pacTBop IOKYIAHTA;
VI-pacTBOp CepHOM KHCIOT»HI; VI-pacTBOp rexk-
cameradoceara Harpus; VIl-pacTpop cepHo-
KHC0r0 2Keneaa; [X-pacTBop n3BectH; 1-ycTpo-
CTBO [aA OCBET/I€HHA HCXOAHOA BOABI;
2-4aCTHYHOE 0BPATHOOCMOTHYECKOe 00eCconu-
BaHHe; 3-nayGoKoe 06ecCoMBaHne C HCNOb30-
BaHHeM HOHOOOMEHHHKOB; 4-HaTpHH-KATHOHHT-
HOe yMAryeHue.

OcBeTrieHHe HCXOAHOH BOAbl NO 3THM CXe-
MaM OCYLIIECTBAAETCA C HCMONL30BAHHEM OObIY-
HO NpHMEHAEMbIX Aad 3ToH UeaH Ha TOC
cnocoboB 1 06opyaoBaHHA. YacTo OCBeTIeH e
BOAbI COBMeLUAeTcA C. peareHTHbIM €€ yMAr
YeHHeM, OCYILECTBAAEMbIM B TeX »Ke COOpy-
XeHHAX, B KOTOPbIX TIPOBOAAT ‘OCBETNEHHE.
lIpeaoTBpallieHHe BbINAAEHHA coneH KabLHA
AOCTHraeTCA. B pe3yabTaTe [03HpOBaHNA B
OCBETIeHHYlI0 BOAy KHCIOTbI H [eKcaMera-
docdara Harpua 'MOH (puc.1,a) anbo ymar-
YeHHeM BOAbl HA HATPHH-KATHOHHTHBIX PHAbT-
pax (puc.1,6).

FiG.1. Flow chart for treating makeup
water at power plants using reverse-
osmosis demineralization installations.

lincoming water; II-reverse-osmosis concen-
trateen used at power plants in Mannheim
(Germany) (1), Jim Bridge (United States) (3),
and elsewhere.

A’ similar technology will be used at the
TETs~23 cogeneration plants of the Moscow
Power System (Mosenergo). Upon request of the
Ministry of Fuel and Energy of Russian Feder-
ation, our engineers designed and the Taganrog
Boiler Manufacturing Works Joint-Stock Compa-
ny «Krasnyj koteljshchik» produced a 200 m3/
h unit (U0OO-200). We also designed a 50 m3/
h unit (UOO-50A) as ordered by Mosenergo; it
was manufactured at the Mosenergo service and
maintenance shops and will be installed at the
TETs-23 cogeneration plant (6,7).

Dispite the fact that the reverse-psmosis
demineralization installation used for treating
makeup water according to the flow charts in
Fig.1 will substantially reduce the amount of
discharged salt in wastewater, the total amount
of wastewater drained by the water-treatment
system has only slightly decreased. The reason
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fAna obecrneyeHHUsA 3KOHOMHYECKOH addek-
THBHOCTH YKa3aHHbIX TEXHONOTHYECKHX CXeM B
YOO uenecoobpasHo HCNONb3OBaTh HH3KOHA-
NopHble BBICOKOCENEKTHBHbIe o6paTHooCMOTH-
yecrne MeMOpaHbl (NpeanoyTHTenbHOE AaBiae-
e 1,6 Mlla), a BbiXxog nepMeara (YaCTHHHO
ofecconeHHo! BoAbl) AONXKeH COCTABIATb MpH-
6auanrenbHo 75% pacxoaa BOAbl, MOCTynaio-
mer Ha YOO,

IpH HCnonb30BaHHK 0BpaTHOrO OCMOCA AnA
NPHIOTOBAEHNA A06aBOYHOH BOADI MO TEXHONO-
I'HH, NpeACTaBIe€HHOH Ha pHC.]1, MOAKHO 3Ha4H-
TeabHo (B 4-10pa3) COKpaTHTb pacxo/ peareH-
TOB Ha pereHepalHio HOHHTHbIX (PHABTPOB Ha
301eKTPOCTAHUHAX H 3KBHBAIEHTHO YMEHbILHTL
0o6beM coneBOro CToka B BOAOHCTOYHHKH.
Takad TexHonorHa npHMeHeHa Ha TOC B
Manreime (lepmanns) (6), B [xkuM Bpuazx (CIIA)
(7)1 1.4, B Halle#N cTpaHe OoNHCaHHAA T€XHONO-
rua 6yser peannaosaha Ha TAL-23 Mocakepro,
[Ans aroro BHNHNAM paspa6GoraHbl 1o 3asBKe
MuHTON3Hepro Pd ycranoska YOO-200 nipona-
BoAHTenbHOCTBIO 200 M3/4, w3roraBnAeMan
TaraHporcknm sasoaom «KpacHbli KoTeqablupks,
H 1o 3aABKe MocaHepro ~ ycraHoBKa YOO-50A
NpoH3BOAHTENBHOCTbIO 30 M>/4, H3rOTOBEH-
Has lleHTpanbHBIM  PEMOHTHO-MeXaHHYECKHM
3aBOAOM MOCOHepro H CMOHTHpPOBaHHadA Ha
ToL-23 (2,3).

HecMoTpsa Ha TO, 4YTO HCHoOAb3OBaHHe YOO
A0H TPHrOTOBNEHHA A00ABOYHOH BOABI Ha
3(1eKTPOCTAHLIHAX [10 TEXHOIOIHYECKHM CXe-
MaM, H3oOpaseHHbIM HA pHC.1, 3HaYHTEIbHO
COKpalllaeT 06beM ConeBoro Croka, CyMMapHbIH
pacxoa crodHbix Bog BITY npH atoM mano
coKpauaerca. 1o 06yCcaoBneHO TeM, YTO MpH
HCNOMb30BAHHH PaCcCMOTPEHHbIX TEXHONOrHA
He pellaeTcA BOMPOC YTHAH3ALHH H (HKBHAA-
uHH cOpoca KoHUeHTpata nocne YOO. Xors,
BEPOATHO, NpaBHIbHO OpPraHH30BAHHBIA COpOC
KoHuleHTpara YOO He AonxKeH HaHOCHTb KO0
rHYeCcKoro Bpeda BogoeMaM, NMoCKOabKy B HeM
COAIEPAKATCA TE JKE COMH, YTO B HCXOHOH Bode,
paspelleHHe CaHHTapHbIX OpraHoB Ha cbpoc
9TONo CTOKa B BOAOHCTOYHHKH HE MOYy4YeHO.

[fanpHeHIllee pa3BHTHe OMHCAHHAA TEXHONO-
ra noayynia B paspaGorannbix BHHHAM
TEXHHYECKHX NpeAnoKeHHAX No co3JaHHIo Gec-
CTOYHOH CHCTeMbl MOANOTOBKH A0DABOYHOM
BOAbl Ha 3neKkTpocraHimax (1).

for such a negligible effect is that the above-
mentioned technologies do not completely
solve the problem of utilizing and disposing the
reverse-osmosis demineralization concentrate.
Although a properly organized discharge of
concentrate should probably not inflict ecolog-
ical harm to the water basins (because it
contains the same salts as those present in the
incoming water), enviromental authorities do
not permit the discharge of these wastes.

This technology has been advanced at
VNIIAM, where a drain-system for treating the
maktup water at power plants was proposed (4).
The flow chart of this process is shown in Fig.2.
As in the flow chart in Fig, 1b, the incoming water
will be clarified and softened by lime, filtered
through Na-cation exchangers, acidified, partial-
ly demineralized in reverse-osmosis installa-
tion 1 and 2, and conveyed to ion exchangers
for more thorough demineralization. The con-
centrate in installation 2 is partially utilized for
regenerating Na-cation exchangers for gypsum
that will be subsequently extracted from the
liquid waste; the main flow of the concentrate
will be released for final evaporation followed
by the liberation of salts in the form of
marretable end products.

[IpHHUNNHanbHAA TEXHOOTHYeCKaa cXeMma
aroro npouecca Mnpeacrasieda Ha puc.2. Tak
e, KaK H B TeXHONOI'M4ECKOH cXxeme, Hiobpa-
XKEeHHOH Ha pHC.1.6, ncxogHas Boga OCBETA-
ercd H yMArdaerca H3BeCTblO, (pHABTPyeTCA
4Yepe3 HaTPHA-KAaTHOHHTHBIE (PHABTPbI, NOAKHC-
aAercd, 4acTH4Ho obecconmBaerca Ha YOO-1
H YOO-2 H MoCTynaer Ha HOHUTHbIE (PHOLTPbI
ana raybokoro obecconnBaHHA. KoHueHTpar
YOO-2 4aCTHYHO HCMONb3YETCA ANA pereHepa-
LUHH HaTPHH-KATHOHHTHBIX (PHABTPOB C nocIe-
AYIOLLHM BhbigeneHHeM H3 oTpaboTaHHOro pacT-
BOpa THIica, a OCHOBHAA 4YacTb HalpaBAeTca
Ha AoynapHBaHHe C M0CNeAyIOLHM BbleneHHeM
cofner B BHAE TOBApHbIX MPOAYKTOB.

B YOO-1, TaK Xe Kak 1 B YOO Ha cxeMax,
yKa3saHHbIX Ha pHC.1, HCMOAb3YIOTCA HH3KOHA-
nopHble 06paTHOOCMOTHYECKHe MeMOpanbl, a
KOHLIeHTpaLHA coneH B KoHLeHTpare YOO ~ 1
aocturaer 10 r/a. B YOO - 2 moHrHpylotrca
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06parHOOCMOTHYECKHE 31EMEHTBI C BhICOKOHa-
NopHbIMH MeMmOpaHamH, paboyee aaBneHne B
KoTopbiXx cocrasader 5-6 Mlla, nockomabKy
conecoaepxaHve KoHueHrpara YOO-2 gocrh-
raet 50 r/a v 6onee (OCMOTHHECKOE AaBeHHe
aTOro pacTsopa npesbilaet 4 Mlla). B paccone
HCNAapHTEeNbHOH YCTAHOBKH COAEPKHTCA B OC-
HOBHOM cynbdaT H X1OpHA HATpHA. B npHHUHne
3TH COAH MOUTyT ObITh MOAHOCTBIO pasfeneHbl
HAH H3 PacTBOpPa MOXHO MOAYYHTb cyabdar
HATPHA H CMeChb XA0pHAA H cynbdara HaTpua,
KOTODYIO MOKHO HCMOb30BaTh AA NPHIOTOB-
(ieHHA pereHepalHOHHbIX PacTBOPOB HaTPHH-
KATHOHHUTHbLIX PHALTPOB Ha TALl, B KOTenbHbIX
H APYrHX NMPOH3BOACTBAX.

PaccmoTrpetHble paHee TEeXHONOrHYeCKHe
cXeMbl (pHC.1 H 2), B KOTOPhIX HCNOb3YIOTCA
YOO, ueaecoobpasHo NpHMEHATb TONbKO MNpH

AOCTATOYHO BbLICOKHX 3HaY1€HHAX coaecoaep-

VII

KaHHA HCXOAHOH BOABL ITO XOPOLLO H3BECTHO
no 3apybeKHOM NpPaKTHKE M MNOATBEPKAEHO
OTE€YECTBEHHBIMH TE€XHHKO-2KOHOMHY€CKHMH
pacueraMmt (3). Be3ycnoBHO, yKasaHHbIe B nped:
blAYIHX paboTax rpaHH4Hble 3HAYEHHA SKOHO-
MHYeCKOH Lienecoobpa3HOCTH NpHMeHeHna YOO
ANA TIOATOTOBKH AoHaBovHOH Boabl TAC Hy M-
AATCA B KOPPEKTHPOBKE, TAK KAK HAMEHHAHCH
COOTHOIUEHHA L[eH MeXKay OTAenbHbIMH KOMIO-
HEHTaMH, BHOCALLIHMH BKNa/ B cebecToHMoCTD
obecconuBaHnA Boabl. BMecTe ¢ TeM 04eBHaHO,
YTO NPH HHU3KOH (BepoATHO, MeHee 400 Mr/n)
MHHepaaHsaluH BoAbl NMpHMeHeHHe YOO aan
paccMOTpHBAeMOH LeH ABAAETCA 3KOHO-
MHYeCKH HeomNpaBaaHHbIM. B atom cayvae 60-
aee  BbIrOAHO HCNOAL30BAThH TPAAHLHOHHOE
HOHO-0OMeHHOe obecconnBaHHe, HCKIO4HB,
oaHaKo, cOpoc GOMbIIOrO KONH4eCTBa Conen
B ruapocdepy.

11

5 nrwv

PHC.2. [IpHHUHNHAABHAA TEXHOOIHYEC-

Kaad cxema OeCCTOYHOH CHCTEMbI noa-
roTosKH 406aBoYHOH BOABI Ha T3C.
| - HcxoaHaa Boaa; |l — obecconeHHas Boaa;

Il - cyasdpar HaTpHA (TOBAPHBIA [IPOAYKT);
IV - Xnopna HaTpHA (TOBApHBIA NPOAYKT):
V - pacTBOp CEpHOKHCAOro &Kenesa; VI - pacTBop
nssecty; VIl — pacTBop CepHOW KHCAOTHI; 1 -
OCBETNEeHHE H YMArYeHHe H3BECTbIO; 2 — HATpHH-
KaTHOHHTHbIE (HABTPLI; 3 — 06ecconHBaHne B
YOO-1; 4 - obecconnBanne B YOO-2; 5 -
HOHHTHbIEe GHAB-TPbI AaA raybokoro obeccoru-
BaHHA; 6 — pacT-BOPbI runca; 7 — AoyrapHeaHHe;
8 - BblgeneHne conen B BHAE TOBAPHBIX
NpoAyKTOB,

Fig.2. Basic flow chart for discharge-free
water treatment of the makeup water
at power plants. '

lincoming water; Ill-demineralized water;
Il - sodium sulfate (marketable product); IV -
sodium chloride (marketable product); V -
solution of iron sulfate; VI - solution of lime;
VIl - sulfuric acid solution; 1- lime clarifica-
tion and softening; 2-Na-cation- exchangers;
3-demineralization in reverse-osmosis unit I;
4.demineralization in reverse-0osmosis unit 2;
5-ion exchengers for thorough demineraliza-
tion; 6-gypsum solutions; 7-final evaporation;
8 — recovery of salts in the form of marketable
end products.

778



(IMKBHAALIMA CconeBbiX COPOCOB IMPH IPOEK-
THPOBaHHH H CTPOMTENbCTBE HOBbIX BITY Mo-
XKer 6bITb AOCTHIHYTa pasaenbHbiM cHopom H

Aanbteren o6paborkoi orpaboTaHHbIX pere-

HEPAUHOHHbIX PacTBOPOB H NEPBbIX NOPUHHA
OTMbIBOYHbIX BOA HOHHTHBIX ¢pHAbTpoB (1), [pn
NpaBHAbLHOH OpraHH3aurH MoTokoB Ha BITY
KOHLEHTpalLHA COfer B yKa3aHHbIX pacTBOpax
MOXKeT [IOCTHraTbh 20 T/0 ¥ Bbille, _

TakHe pacTBopbl LienecoobpasHo Harpas-
ATbh HA HCIIAPHTENbHYIO YCTAHOBKY C AabHEH-
IIHM H3BIEYEHHEM M3 pPaccofoB COEeH B BHAE
TOBapHbIX MPOAYKTOB.

BMecre c TeM cylwecTByeT 60nblUOe KOnHYec-
TBO BIY TOC, Ha KOTOpbIX 6€3 CylleCTBEHHOH
PeKOHCTPYKLHH HENB3A TaAK OpraHH30BaTh BOA-
Hbl€ TMOTOKH, Y106bI NOay4HTh CTOYHbIE BOAbI
B BbICOKHM CO1€CcoAepaHHeM, KoTopble 6bino
661 Uenecoobpa3HO HAMpaBHTb HA HCNAPEHHE.
[nAa Takux Ccay4daen HMEET CMbIC/1 OTHOCHTE(ObHO
HH3KOMHHepanH30BaHHbie CTOKH MOABEPrHyTh
npeABapHTE1bHOMY KOHUEHTPHPOBAHHIO Ha
YOO. Takasa TexHonorua pazpaborana BHHHAM
Ana ToabATTHHCKOH T (puc.3).

Low-pressure reverse-osmosis membranes
are used in reverse-osmosis installation 1, just
as in the reverse-osmosis units shown in Fig. 1.
The concentration of salts in unit 1 can reach
10 g/l. Reverse-osmosis installation 2 contains
elements with high-pressure membranes (with
a working pressure of up to 5-6 MPa) because
the mineral content in the conctntrate of unit
2 can be 50 g/l and greater (the osmotic
pressure in this solution exceeds 4 MFPa).

The brine of the evaporation unit mostly
contains sodium sulfate and chlorides. In
principle, these salts can be completely
separated, or the solution can yield sodium
sulfate and a mixture of sodium sulfate and
sodium chlorid to be used for treating the
regeneration solutions of Na-cation filters at
cogeneration plants, in boilers, and in other
facilities.

It is best to use the reverse-osmosis systems
described above (Figs.1,2) only when the salt
content in the incoming water is rather high.
This is supported by practice abroad and by
estimates made in Russia (2). Undoubtedly, the
margin of economic advantages that can be

gained from revers-osmosis demineralization
in treating power plant makeup water should
be orrected to account for changes in the costs
of the processing omponents that contribute to
the price of water demineralization. Obviously,
with a low mineral content in water (less than
00 mg/l), reverse-osmosis demineralization
becomes unjustified ommercially. In this case,
it would be more efficient to employ conven-
tional ion-exchange demineralization, exclud-
ing, however, the discharge of a large amount
of salts to the ground ater.

Wastewater discharge with salt can be
excluded in newly esigned and constructed
water-treatment systems by separately ollec-
ting and subsequently treating the waste-
regeneration solutions and first portions of the
ion-exchange washing water 4). By properly
organizing flows in the water-treatment system,
it is possible to attain salt concentrations of
over 20 /1 it the solutions.

These solutions should preferably be con-
veyed to the evaporation unit for recovering
salts in the form of commodity roducts from
brines.

At the same time, there are many power
plant watertreatment systems whose water
flows require substantial modification o obtain
high-salt wastewater that could best be con-
veyed to evaporators. Here, it is practical to
preliminarily conctntrate low-salt wastewater in
the reverse-osmosis demineralization installa-
tion. This technology was developed at VNIIAM
for the Toliatti cogeneration plant (Fig.3).

In this technology, the wastewaters in the
water-treatment installation containing mostly
waste regeneration solutions and first portions
of washing water, carrying less than 10 mg/l of
suspended matter and about 3.5 g/l salts, are
passed thr~ugh mechanical filters. To ensure
the required degree of clarification (parameter
F<10 Pa s m ), coagulants and floccu- lants are
added to the water upstream of the mecanical
filters. The time between introducing these
reagents is 2-3 minutes. The wastewater in the
water-treatment system has a temperature that
encourages bacteria growth. The wastewater in
the watertreatment system is chlorinated to
prevent microbial fouling of the equipment and
protect the reverse-osmosis membranes against
damage by the products of the microbial
metabolism. The clarified wastewater is then
treated by Na-cation filters and partially dem-
ineralized in the reverse-osmosis demineraliza-
tion installation.
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PHUC, 3. NpHHUHNHANLHAA TEXHOMOTrHYeC-
Kaa cxeMa, pa3paborannaa BHHHAM aaa
ToasaTrnHCcKOoR TOLU.

[ ~ cro4tble Boabl XBO; Il - B ¢pHabTpOBAH-
Hylo Boay XBO; llI - B Tennocers; IV -
ocseTneHHaa posa ¢ XBO; V — B ocseranrenb
XBO: VI - B cncremy ruaposonoyaanenus; Vil
- pacTBop CepHOKHCAoro XKene3a; VI - pacrBop
napecrd; IX — pacTBop cepHOH KHCNOTHI: X —
pacTBop eaKoro Harpa; l- MexaHHYecKHe
hnabsTpbl; 2 - HATPHA-KATHOHHTHbBIE PHALTPbI;
3 -obecconnBanre B YOO; 4 - aneKkTponuzep.

B COOTBETCTBHH C MpeacTaBNeHHON TeXHOo-
OrHYECKOH CXEMOH CTOYHbIE BOAbI LeXa XHM-
Bogoo4HcTKH (XBO), cocrosilHe B OCHOBHOM H3
oTpaboTaHHbIX pereHepauHOHHbIX PACTBOPOB H
fepBbLIX MOPLHA OTMBIBOYHBIX BOA H HMEOIHE
KOHLIEHTPaLHIO B3BELLEHHbIX BELLECTB He bonee
10 Mr/a n conewt okono 3,5 r/a, ¢pHabTpylOTCA
Yepes mexaHH4eckue GHabTpsbl. [aa obecneye-
HHA HeoOXOAHMON CTeneHH OCBeTNeHHA (napa-
Merp dyl0% Ma*c*m? ) nepea MexaHHYECKHMH
¢duabTpaMH B BOAy BBOAAT KOaryniaHT H
($noKyNAHT. Pa3pble MexKay BBOAOM 3THX pea-
reHToB CoCTaBNAeT 2-3 MHH.

Croynbie BOoAbl XBO HMeEOT TeMmneparypy,
GnaronpHATHYI0 AnA pa3BHTHA Gaktepwd. [lnA
npeaoTBpallleHHa MHKpobHanbHOro sarpaste-
HHA 06OpyAOBaHHA M pa3pyllieHHA ofpaTHOOC-
MOTHYECKHX MeMOpaH npoaykTamH merabonns-
Ma MHKpOOpraHHaMoOB CTO4YHble Boabl XBO
XIOpPHPYIOTCA.

FIG.3. Basic flow chart developed
at VNIIAM for the Togliatti cogeneration
plant.

l-wastewater of the water-treatment system;
ll-to the filtered water of the chemical water-
treatment system; Ill-to the heating-water sys-
tem; IV-clarified water from the water-treatment
system; V-to the clarifier of the water-treatment
system; VI-to the hydraulic ash-disposal system:
Vil-solution of iron sulfate; Vill-solution of lime;
[X-sulfuric acid solution; X-solution of sodium
hydroxide; 1-mechanical filters; 2-Na-cation ex-
chengers; 3-demineralization in the reverse-
osmosis installation; 4-electrolyzer.

A small part of the reverse-osmosis conct-
ntrate is conveyed at a low rate (about 4 m?3/
day) to the electrolyzer for obtaining a chlorine
solution used to chlorinate the wastewater in
the water-treatment system. Most of the concen-
trate flow with a salt content of about 20 g/l is
used for loosening and regenerating Na-cation
exchangers. The waste-regeneration solution is
then utilized in the hydraulic ash-disposal
system.

The mechanical filters are washed with the
clarified water-treatment system. After washing
the filters, the water is discharged to the
chemical water-treatment clarifiers. The cation
exchangers are washed by the water clarified
in the mechanical filters; this water is then
discharged to the wastewater storage tanks.
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OcBeTneHHaa CTovHaa Boaa oOpabarbiBa-
€TCA Aanee Ha HaTPHA-KaTHOHHUTHBIX dHabTpax
H YacTH4HO obecconrsaerca Ha YOO. lNepmear
YOO, nMelHA conecoaepxkanie MeHee 200
Mr/a, Hanpaeaferca anbo B Tenmocers, nH6o
B TpyOONpOBOA NOCAe MexaHHYeCKHX HAbT-
pos XBO.

He3HaunTenbHaa 1acTh KoHLeHTpara YOO
(oKONo 4 M3/cyT) HanpaBAAETCA B ANEKTPONH3ep
ANA NOay4YeHHA pacTBopa Xaopa, HCNob3yeMo-
ro and XMOpHpPOBaHHA CTOYHOH BOabl XBO.
OcHOBHaA e YacCTb KOHLIEHTpaTa C conecoaep-
AKaHveM okorno 20 r/o ucnoab3yeTca Aan
B3PbIXIEHHA H pereHepauHH HaTpHH-KaTHO-
HHTHBIX ¢HABTPOB. OTpaboTaHHbIf pereHepa-
UHOHHbIA PacTBOP HCMOMb3yeTcs 3aTeM B CHC-
TeMe rHaposonoyaaneHus (I3Y).

[lpoMbIBKa MeXaHH4YeCKHX (HALTPOB OCY-
lecTBAAETCA ocBeTneHHon Bogon XBO. Boaa
nocne [(POMbIBKH 3THX (PHABTPOB cOpachl-
paerca B ocpernutenn XBO. OTMbIBKa KaTn-
OHHTHBIX (PHABTPOB OCYLIECTBAETCA OCBET-
(lcH-HOH Ha MexaHH4eCKHX (HABTpPaxX BOAOH,
KoTopan copacbkiBaeTcs B 6akH cOopa CTOYHOM
poabl XBO.

YcTaHoBka 0BpaTHOOCMOTHYECKOTO 06ecco-
(IMBAHMA OCHallleHa PHAbTPAMH TOHKOH OYHCT-
KH, 610KOM NPOMBIBKM OGPATHOOCMOTHYECKHX
MoAyNeH H y3noM KOppeKTHpoBKH pH nocryna-
IoleA Ha Hee BOABl H TiepMeaTa.

Hcnonbzyemas B TeXHONOTHYECKOH cxeMe
YOO (pHC.3), B 3@BHCHMOCTH OT 3Ha“ieHHA
cone3adepaHHA NpHMeHAEMbIX MeMb6paH
MOXKeT ObiTb O4HO - HAH ABYXCTYNEHYATOH
no nepmeaty. B oagHoctyneH4aTofi W Ha nep-
BOH CTYNEeHH ABYXCTyneHudaron YOO caeayer
TNIPHMEHATb BbICOKOHANOPHble MeMOGpaHbl, a
Ha BTOpPOH crynedn YOO - HH3KOHamnopHble
MeMOGpaHbil.

llpeacTaBaeHHas Ha prcC.3 TEXHONOrHYeCKan
cxema obpaborkn crodHbIX Boa XBO He obec-
nevynBaer OGeccroyHocTH BIY W asnAerca
NEPBbLIM L1aroM B pelleHHH yKa3aHHOH 3aaayH.
B ganbHewiueM ata cxema OyaeT agonodHeHa
CTyMeHblo pa3AenbHOro Habned4eHns cynbgara n
Xopraa HaTpua 13 KoHueHTpara YOO, PereHe-
paLMA e HATPHH-KaTHOHHTHBLIX MHALTPOB Oy-
AeT OCYWECTBAATLCA B COOTBETCTBHH € Pe3y/lb-
TataMH paboTbl (4) pacTBopom cyabdaTa Ha-
TpHA. [locne H3BaeveHHs w3 orpaboTaHHoro
pereHepauHoOHHONO pactBopa cyabdara Kanb-
UHA OH Mocae AoyKpenneHHa CBeXeH COobio
MOXeT ObITb MOBTOPHO HCMOMb30BAH.

The reverse-osmosis demineralization ‘in-
stallation is equipped with fine filters, an
arrangement for washing the reverse-osmosis
modules, and a mechanism for correcting the
pH of the incoming water and permeate.

In terms of permeate, the reverse-osmosis
demineralization installation used in the flow
chart shown in Fig.3 can have one ore two
stages, depending on the capacity of the
membrane to recover salt. High-pressure mem-
branes should be used in a single-stage
installation or-in the first stage of two-stage unit,
whereas low-pressure membranes should be
employed in the second stage.

The flow chart in Fig.3 does not provide for
discharge-free chemical water treatment; it is
merely the first step in solving the problem. The
system will be suplemented with an additional
stage for separately recovering sodium sulfate
sodium sulfate and chloride from the reverse-
osmosis demineralization concentrate. The Na-
cation exchengers will be regenerated by a
solution of sodium sulfate, as described in (5).
After recovering calcium sulfate from the waste-
regeneration solution, it can be subsequently
reused by strengthening it with fresh salt.

We think that the use of the foliowing
approach in utilizing reverse osmosis at power
stations is economically justified. When the
content of minerals in the incoming water is
above 400 mg/l (this figure may be specified
more precisely), the technologies described in
Fig.1 or Fig.2 are advantageous; for a lower
mineralization level of the water admitted to
power plants, where water flows cannot be
changed to obtain waste containing at least 2%
salt, it is advisable to supplement the available
water-treatment system with the technology
shown in Fig.3.

TaknM 06pa3oM, NpeaCTaBIACTCH olpasgaH-
HbIM CNeAyIOWHA NMoAXoa K HCTONb3OBaHHIO
06paTHOrO OCMOCa Ha 3MeKTPOCTAHUMAX: NpH
MHHepanH3auMH HCXOAHOH BOAbl Bbille 400
Mr/a (undpa MoXKeT YTOUYHATHCA) Lenecoob-
pa3HO HCNOAb3OBaTh TEXHOMOMHH, NpeacTapne-
Hble Ha pHC.1 HaK 2, NpH MeHblIeR MHHepanH-
3aUHH HCXOAHOH BOAb' Ha TeX AEHCTBYIOLLNY
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CTaHUHAX, Ha KOTOPbLIX HEBO3MOMHO TaK H3-
MEHHTb BOAHbIE TMOTOKH, YTOObl NOMYHHTH
CTOKH C coaecogepxaHueM 2 % H Bbllle,
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YYYUIEHHE KAYECTBA H
BHYTPUCHCTEMHAH YTH(IN3ALIHA

APEHAZKHOI'O CTOKA
[ S m e

Kuperivesa (Toamuaa BaaguMHpoBHa, AJOKTOD
TEXHHYECKHX HayK BHHHTHM

AHHOTALIMA

B agokaage npegaaraerca HoOBaA  3KoIO-
rHYeCKH YHCTad  TEXHONOTHA  yaydlleHHA
KayecTBa /[peHa’KHOro CTOKa  Hemnocped-
CTBEHHO Ha TI'HAPOMEIHOPaTHBHON CHCTEME
MyTeM ero TMpOIyCKaHHWA 4epe3  CHCTeMy
(HabTPOB, BKAIOYAIOLMX HOHHO-06MeHHbIe
cMonbl. OuHlleHHaAa W obecconeHHaa BoAa
NnocTyraer Ha OpolleHHe, a oTpaboTaHHbIe
HOHHO-0OMeHHble GHABTPbI Ha pereHepauHio,
B TpoOLEcCEe KOTOPOH BO3MOKHO TodydyeHne
TOBApHOrO NpoayKkra. AKTyanbHOH mnpobaeMod
MeqHopalMH  3eMenb  ABIAETCA  CO3JaHHe
MeMHOPATHBHLIX CHCTEM HOBOIO [OKOAEHHA,
KOTOpbl€ TMO3BOAAT MpeJOTBPaTHTb Herarus-
Hble IMpolecchl B TMPHPO4e H H3MEHHTb K
ayqiieMy SKO(orH4yecKyio cHryauuio. CpedH
NMPHYHH 3arpA3HeHHs OKpyXKaloluled cpeabl
MOKHO HasBarb BO3pocliHe ofbeMbl ape-
HaXKHOMO CTOKa, cofepxaiuero B 6OMbLIHX
KOH4YECTBAaX pacTBOPEHHblE COAH, HAOXH-
MHKaTbl, YAOOpDeHHA, CMbITble C OpOLIaeMbIX
NoMeA, HOHBI TAXKENbIX MeTAl10B.

K HacroaweMmy BpeMeHH ¢ 20 MaHra
opoulaeMbix 3eMeab ObiBuwiero CCCP  cHpa-
coiBaercA 44,3 Kyb6.KM apeHakHOro croka. B
P® nHa 6 Man.ra ¢opmupyerca no4utn 3.4
Ky6.KM [peHaKHO-COPOCHBIX BOA  (adaHHble
Col03BOATpOeKTa).

KauecTBeHHbIM cocTaB ApeHamHO-COPOCHBIX
BOA BecbMa pasHoobpasHbIf M 3aBHCHT OT
PErHoHaabHOrO THAPOXHMHYECKOro peXnMma M
CYIIECTBYIOILIEA  CebCKOXO3ANCTBEHHON aes-
TenbHOCTH. [lOMMMO pacTBOPEHHbIX MHHe-
panbHbIX coner B JpeHaKHbIX BOAAX MOrYT
npHCyTCTBOBath OuoreHsl NO , NO, , NO, ,
NnecTHUnabl, <¢eHonbl, TAXKenble MeTandbi H
Ap. 3arpA3HHTenH. HoHHBIA coctaB  gpe-
HaHbIX BO/J TaKxXe BecbMa pasHooOpaseH.
HamocTpalpen XHMHYECKOro CoCTaBa ApeHaxk-
HbIX BOA, COHOPMHPOBAHHLIX B Pa3IHYHbIX
perHoHax, cayxut taba. 1.

EXxerogHo ¢ rekrapa opouaeMblX 3eMelb
Poccun apeHazHO-COPOCHBIMH- BOAAMH  BbIHO-
curcA ot 1 go 40 T coaen (taba.2) /4/, yro
NMPHBOANT K 3aCOIeHHIO 3eMenb W YXYAUIEeHWIO

THE IMPROVEMENT AND INTRASYSTEM
UTILIZATION OF DRAINAGE

WATER.
s

L.V.Kireicheva

SUMMARY

The fundamental new technology for
intrasystem utilization of drainage runoff waters
was developed which consists of ion-exchange
demineralization of the water, its purification
from other pollutants. This technology permits
both to get the added source of fresh water
and to produce such chemicals as NaCl,
Mg(OH), , CaSO, without especial expenditure
of energy.

The creation of irrigation systems for the
environmental situation improvement and the
prevention of negative processes is one of the
most actual problems in reclamation (1,2). As
a reasons of ecological situation impairment
increasing volume of drainage waters with
dissolved chemicals, insecticides,nutrients and
heavy metals ions can be mentioned. (3}

At present time 44.3 km drainage waters is
spilled from 20 mil ha of irrigated territories of
former USSR. In Russia 3.4 km drainage water
evolves from 6 mil ha (on Soyuzwodproekt
data).

The qualitative composition of these waters
is varied, it depends on hydrochemical diverse
regime in region and agricultural activity.

Except for dissolved inorganic salts there can
be present biogens NO, , NOs , NHy' .
pesticides, phenols and other pollutants.

Diversion composition of drainage waters in
different regions is illustrated by table 1. 1-40
t salts which are spilled annually from each
hectare of irrigated fields in Russia (table 2)
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KauecTBa MOBEPXHOCTHbIX BoA. [0 AaHHBIM
MeMMOpPaTHBHOIO Kaaactpa, 6,5% opoluaeMbIx
3eMenb POCCHM K HacToflllleMy BpeMeHH
3aconedbl,  YBeau4Haacb W  MHHepanu3alyd
BOAbI B HM3OBbAX pek /2/.

OrpoMHble  0ObeMbl  ApPeHamHO-COOPHBIX
BOJA CBA3aHbl C TeXHHYECKHUM He coBep-
UWIEeHCTBOM IHAPOMENHOPATHBHBIX CHCTeM. Tak,
no AdaHHbIM  KOxHHHIMM, B  POCTOBCKOH
ofbnacti noAa:TcA Ha opoiueHHe 1,7 Kyb.KkM
ripecHor Boabl M 0,9 Kyb.kM BO3BpallaeTCA

oO6paTHO B BOAOMCTOYHHKH  3arpA3H+HHOM
apeHaxHo -cOpocHon Boabl. [lo  AaHHBIM
HHCTHTYTA 'CeBKaBlrHIIPOBOAXO3', B Mexay-

peube Boaru, flona, Tepeka M KybaHn Boao-
nogavya Ha opouleHne cocTabaAeT 16,5 KM, a
BOAOOTBedeHHe 5,2 Kyb.KM, T.e okoao 30%. B
3TOM CBA3H aKTyanbHOWM ABaAeTcA npobaema
yayylieHns — KavyecTBa  ApeHaMHO-COPOCHbIX
BOA C nocaeayloulen  HX  yTHAM3allMeR
HernocpeacTBeHHO Ha MeaHOpaTHBHOH
cucteme, OuvncTka M MNOBTOPHOE  HMCMOb-
30BaHHe APeHaMKHO-COPOCHbIX BOA NPUBEA+T
He TONbKO K CHHKEHHI0 aHTpOroreHHoH
Harpy3kH Ha npypoay, HO H K NOy4yeHHio Jo-
NOAHHTENbHbIX  00b+MOB  NpecHO#  BOAbL
Yay4uietne KayecTsa KON(aeKkTopHo-ape-
HaxHbiIX BoaA (KAB) AomKHO NpoOBOANTCA B
KOMIIeKCe: OYHCTKa OT pa3(HvHbIX 3arpas-
HHUTenen n obecconrBaHHe.

AHanMa  cyuwecTByolunMx MeToaos obec-
COIMBAaHNA MHHepann3oBaHHLIX BOA FMOKazan,
YTO MepPCNeKTHBHLIM ABAAETCA MOHOOOMEHHbIN

crnoco®  OYHCTKH ApeHamtblX CTOKOB OT
HeopraHH4YeCKHnx BeleCTB, KOTOPbIA
NO3BOAET NMpOBECTH MOHYIO fEMHHEe-

pann3aumio obpabartbiBaeMbiXx BOA, T.e. MOHH-
TaMu 6yayT copOnpoBaHbl BCe HaxoaAllHecA B
BOAe WOHBI (5). [leMHHepanb3alMa MpOBOAUTCA
nyTeM Nocae0BaTebHOrO MPONyCKaHWA BOAbI
yepe3 KaTHOHO- H aHMOHOOOMeHHble (hHABTPh,
B KOTOPpbIX ﬂpOTeKal'OT peakumnn

PIH + Kat + An ==== PlKaf + HCe,(l)

P20H + HAn === P2An + H20 (2)

(P-nonnMepHas  4acTb HoHuTa, Kat -
KaTHOHHMT, An - aHHOHWT),
B peaynbTate 3THX peakLHA  BMECTO

Kax/ao0H MOMeKylbl pacTBOPeHHOH COMH no-
y4aerca MOMeKyi1a BOAbI,

MpuMeHenne paspaboOTaHHOM  TeXHONOTHH
AeMHHeEDaIN3allun  ApeHaXHbIX CTOKOB npesd-
CTaB(AET HHTepeC No UenoMy paay NpH4HH:

(4) leads to impairment of the surface waters
quality according to reclamation cadastre.
6.5% irrigated areas in Russia up to present
time are salted. The mineralization of water in
rivers lowers is also increase,

Enormous volumes are connected with the
technological drawbacks of irrigation systems.
505 according to YuzhNIIGiM in Rostov region
17 km fresh water is use for irrigation and 0.9
Km returns to water sources with pollutants. In
the valleys of Volga, Don, Terek, Kuban rivers
16.5 km fresh water apply for irrigation and
52 km water (=30%) run off on
"Sevkavgiprovodkhoz' data.

That's why the problem ~f improvement of

runoff drainage water «th  their further
utilization directly in irrigation system is of
great importance. The purification and

reutilization of runoff drainage water give rise
to decrease of anthropogenic damage for
nature as well as allow us to get additional
volumes of fresh water. The improvement of
the collected-drainage waters (CDW) must be
realized in complex i.e. the elimination of
pollutants and demineralization.

The analysis of the modern technic of water
demineralization allow us to conclude that
mast perspective method for total salt
elimination from drainage runoff is ion-
exchange {3, 5).

The emineralization is carried out by means

of step-wise passage through cation- and
anion-exchangers, where the following
reactions takes place:

P.H + Kat + An = P Kat + HCI (1)

11

POH + HAn = P An + H O (2)

222

where P - polymer part, Kat - cation-

exchanger, An - anion-exchanger.

As a result each of the dissolved salts
molecules are substituted into H,0 molecules.
The development of the this technology is
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l)He TpebyeTcA npeaBapvTeIbHOH MOAro-
TOBKH APEHaKHOIO CTOKa;
2)ABHXeHHe KHAKOCTH uYepe3 C/I0M HOHHTA
OCYLLECTB(IAETCA CaMOTeKOM H He Tpebyer
3aTpar 3HeprHH H o060pyaoBaHMA AIR ee
NpPOroHKH 4epes QpHAbTP;
3)annaparypHoe odopMaeHne MOHO06-
MeHHbIX HABTPOB O4YeHb NpPOCTOe H MOMKET
ObITb (1€MKO M3rOTOB(IEHO HAa MecTe;
4)pabora ycTaHOBKHM He Tpebyer
CTBHA denoBeka (KpoMe npolecca
HOHHUTOB);

S)nony4yaeMana Boda He COAEPMHUT HHKaKHX
TOKCHYHBIX BeLlecCTB;

6)B npouecce aAeMMHepanH3alupy BOAbl He
BbIAEAAIOTCA OTX0Abl KpoMe OTpaboTaHHbLIX
HOHHWTOB, Hanpas(AEMLIX Ha pereHepaumio.

PereHepalnio  HOHHTOB  UenecoobpasHO
NpOBOANTb  LIEHTPAIM30BAHHO Ha  CTaHUMH
pereHepauudH. 3TO MO3BOAMT pelHTb OC-
HOBHyI0 npobaeMy, XapaKTepHylo Aa1R Bcex
M3aBeCTHBIX cnocoboB obecconMBaHHA, YTH-
(IN3aUMI0  BbICOKOKOHLIEHTPHPOBAHHLIX  pac-
COMOB, OCTALHX [OC/Ie ONpecHeHHA BOodbl,
AnA  BOCCTAHOBIEHHA HOHOOOMEeHHbIX . CMOn
MOHO BOCNONbL3OBATLCHA NPOTHBOTOYHOH
TEeXHOMIOTHerN pereHepaunH, pa3paboTaHHOH B
MIY, no3poaawilled He  TOMbKO  pere-
HepHpoBaTb HOHHUTbI 6e3 MoayyeHHA arpec-
CHBHbIX CTOKOB, HO H BbIAeIATb B BH/e
NpOAYKTOB Te BellecTBa, KoTopbie Oblau
pacrsoperbl B obecconnBaembix KAB: Na, Ce,
Mg(OH)2, CaSO4 n T.4. /6/.

Hamu npegnoxeHbl cnocod W TexHONOrHA
yayyllieHHA KavecTBa ApelaxsHblx Bod C
NpHMeHeHHneM HOHOooOGMeHHbIX GHUNLTPOB, a
Take pa3paboTaHO NPHHUHMMHANBHO HOBOE
TEXHOIOrH4ecKkoe pelleHHe AaApeHaxKHOA
CHCTeMbI,  BKAlOYAIOWEH  TEeXHOAOTHYEeCKHH
y3ead MNO YyaydlleHHI0 KadecTBa /peHaHbixX
Bod. CxeMa y3na (CM.pHCYHOK) BK/IiOYaeT B Ce-
6A HAKOMHUTENLHO-PETYAHPYEMYI0 eMKOCTb AA
cbpoca ApeHaXHOro CTOKa, KoTopad MoXeT
6bITb yCTaHOBAeHa Ha apeHocobHpartene, 3ak-
PLITOM  HANM  OTKPbITOM  KoanekTtope. Ha
HAKOMHTENbHOH eMKOCTH KO(I(IEKTOPHO-
ApeHaxHaf  Boda NonataeT B [eMH-
Heparnn3auHOHHYIO ranepelo, COCTOALYI H3
CHCTeMbl HHALTPOB, CAyMaAWKX aA1A  Tocne-
/10BATENbHOTO  YAyvlUEHHA  Ka'lecTBa  Ape-
Ha>KHOTO CTOKa:

- MeCYaHO-TPaBHAHBIA (PHALTP, B KOTOPOM
MPOHCXOAHT MeXaHH4YeCKand OYHCTKa OT TBep-
abix npuMecent, NMoabop dpaxunoHtoro coc-
TaBa 3aBHCHT OT MYTHOCTH  BOAbl H
TpebOyeMOH CKOPOCTH NpONyCKaHiA;

NpPHCYT-
3aMeHbl

of great interest from the

considerations:

following

1)it is not necessary to prepare the drainage
runoff waters previously,

2)water gravitate downwards through ion-
exchanger spontaneously and special source
of energy and equipment are not required,

3)the equipment for ion-exchange is very
simple and can be easily fabricated on-the-
spot.

4)The installation can operate automaticaily,

5)fresh water free from pollutants is the end
product of this technology.

6)This is without wastes technology if ion-
exchangers are regenerated.

The regeneration of ion-exchanger would be
appropriate to conduct. centrally in
regeneration station.

d

So it can be possible to solve the problem
of the utilization of high concentrated
solutions (chemically active wastes)

.
-

For the regeneration special counter-current

technology developed in Moscow State
University seems to be appropriate. This
technology permit to produce following

chemicals: NaCl, Mg(OH), , CaSO, and others
(6).

We supposed the technology of drainage
water improvement with ion-exchange, as well
as we developed crucially new construction of
the drainage system containing unit for water
purification. This unit consists of accumulated
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- <¢HabTp A0A OYHCTKH OT [eCTHLHIOB,
$ynbBO- H TYMHHOBBIX KHCIOT COCTOHT H3
NakeToB BOMOKHHCTONO pPYIOHHOTO Marte-
puana, obpaboraHHOro TIHHO3eMOM HaH Ap.
ecTecTBeHHbiM copbeHToM. Hcnonb3oBaHHe
BOIOKHHCTOIO MarepHana Heob6xoanMo aas

yBeHYeHns KOHTaAKTHOH MOBEPXHOCTH
o4HllaeMOH BOAbl C €CTECTBEHHBIM COp-
GentoM. B KauectBe COp0eHTa MOMKHO
HCIO(Ib30BATh AKTHBHPOBAHHLIA yrosis,
LEO/IHTDI;

-I0C1eI0BATeBHO  pacriooMxeHHble MOHO06-
MeHHble (PHABTPBI, NMEepBbIA H3 HHUX 3anodHeH
CHOBHOKHC/IOTHBIM KarHOHOM, a BTOpPOH -
c1ab0OCHOBHBIM  aHHOHHTOM, HeobXOoAHMble
ana obecconHBaHUA NOANOTOBEHHbIX paHee
JpeHarkHbIX BOA,

B Ka4decrBe KaTHOHHTA MOXKHO HCIHIOOb
30BaThb [MPOH3BO/IHMbIC OTEYeCTBEHHOH mpo-
MBIIIEHHOCTBIO KaTHOHHT KY-2Xx8 wnan ero
aHanor B BOAOPOAHOH ¢dopMe, a B KavecTee
aHnonmta - AH-22 wnmm AH-511 B
rMAPOKCHAbHON — ¢opMe. YaenbHble €MKOCTH:
y KarnoHurta - 2 I9KB/1, Y aHHonura - 2,2 T-
3KB/1. BO3MOXKHO HCMOMb30BaHHE H Oonee
fAellleBbIX KaTHOHWTOB - cyibdoyraed wn
AHHOHHMTOB J/3-10I1 nam AH-2P,

PereHepallMil0  HOHHTOB  Lienecoobpasto
MPOBOAHTH UEHTPANN30BaH-HO Ha CTaHLMH
pereHepaupH. JT1o MO3BOANT PEWHTD
OCHOBHyI0 MNpo06neMy, XapaKTepHylo A1A BceX
M3BECTHBIX Croco60B 06eccoMBaHHA, YTHIH-
3aliMi0 BbICOKOKOHLIEHTPHPOBaHHbIX PacCOIoB,
OCTAIIMX TOCAe OfpecHeHHa Boapl. [aA
BOCCTAHOB(ICHHA HOHOOOMEHHBIX CMO MOMHO
BOCIO(IB30BATHCA MpOTHBOTOYHOH TEXHO-
IoTHel pereHepaupy, pa3paboraHHOH

[aHHaA cXeMa MO3BOddAeT TNPOBeCTH MNo(l-
Hyl0O JeMHHepaiu3auyio BoOAbl, HO He /[laer

BO3MOAKHOCTH CeNeKTHBHOIo H3B/IEYEeHHA
HOHOB.
B HEKOTOPbIX Cayvyasax 3aCO{I€EHHOCTb

APEHaKHONO CTOKA He HaCTONbKO BeaHKa,
yToBbl Heab3d OblIO HCTOAL30BaTh ero Ad#

noaMBa HAM C ~ Ap. LeaaMH,  OfHaKo
MOBbIILIEHHOE cogepXaHue B HeM Ope-
MATCTBYET 2TOMY. '

Adns OYNCTKH ApeHaXXHoro croka or

HUTPaTrOB MOZKHO [pUMEHATb HHABTD H3
cefeKTHBHOM  HOHOOOMEHHOM  CMOaBbl.  HC-
cneqoBaHHUA KadecTBa /JpeHaxHoH BOAbl B
CTaBpOMONBCKOM Kpae noKasanH BO3MOX-
HOCTb HCIMONb30BaHHA BbIMyCKaeMoro oreyect-
BEHHOM  TNPOMBILIIEHHOCTBIO  CENEKTHBHOIO
aHHoHMTa, Hampumep, Mapkn BII-1-All. B
HEKOTOPbIX CAy4adX CelIeKTMBHOCTb 3TOro

capacity and demineralization assemble which
is the system of the filters for gradual
improvement of drainage runoff:

-sand-gravel filter for mechanical purification
from solid admixtures. The choice of the
fractional composition depends on water
mudding and necessary penetrating velocity.

-stepwise  ion  exchange filters for
demineralization. First of them is strong acid
cation-exchanger, second is slightly base
anion-exchanger.

As a cation-exchanger KY-2x8 (or its analog
in hydrated form) and as anion-exchangerAH-
22 or AH-511 in base form. Charge of cation-
exchanger is 2 g-eq/l, and for anion-exchanger
it is 2.2 g eq/l. There are cheeper ion-
exchanger capable for  this  purpose
sulphocarbones and anion-exchanger 33-10T1
or AH-2d.

This scheme permits to carry out the total
demineralization of water but cannot be useful
for selective ion elimination. In some cases
salts concentration in drainage waters is not
so high to their irrigating employment but it is
limited by high nitrates content.

To purify the drainage runoff from nitric
ions the selective ion exchange resin filters
can be used. For Stavropol region the research
of drainage water showed that the selective
jon it such as BIII-All can be used for this
purpose. In some instances the selectivity of
this ion-exchanger to nitrate ions is so high
that 1 m of this ion-exchanger is enough for
purification of some thousands m of drainage
runoff with nitrates concentration about 1

mg/l.

The most important characteristic of
drainage ion exchange filter is the defense
activity time.

For its calculation the following values are
necessary: the volume of water under
treatment (m /h), sum concentration of
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HOHUTA K HHTPAT-HOHaM HAaCTObKO BbICOKa,
yro C fmoMolplo 1 KyB.M ero  MOKHO
OYHCTHTb OT HHTPATOB HECKOIbKO ThICAY Ky-
6OMeTpOB ApeHaXXHOro CTOKa C coaepaKaHHeM
HHTPATOB OKoo 1 Mr/a.

Hanbonee BaKHOM XapaKTEPHCTHKOA Ape-
HaXKHOTO HOHOOOMeHHOro ¢HabTPa ABIAETCA
BpeMA €ero 3alllMTHOro AeHcTBuA, [aA pacyera
3TOM BeaH4YnHbl HeoOXOAHMMO 3HATh pacxod
obpabartbiBaeMOA BOaAbl (KyD.M/4), CyMMapHyio
KOHLIEHTPALMIO PacTBOPeHHbIX B HeH conew
(r/m), KOANYeCTBO 3arpyKaembiX B GHABTP
MOHHTOB M HX YaerbHble 0OMeHHble eMKOCTH.

Hcxoas M3 ypaBHeHWH peakuni obmeHa (1)

H (2), MOXHO 3anMucaTb ypaBHeHHe pacyera
3allUTHOrO [AeHCTBHA HOHOOOMEHHOro
¢uabTpa

Co0Op.

e, X = mVn, (3)

2.B.cp

rae Cobp. - cymMMapHaa KOHUEHTpauHsA

aneKkTponnta B obGpabaTbiBaeMOH Boge, TIa/;
D.B.cp. - CpeaHHH JKBHUBaeHTHbIA  Bec
PacTBOPEHHbIX codedt, T; X - [IOMyCTHMbIA
ofbeM oOpabaTbiBaeMor BoOAbl, KyO.M; m -
yaenbHble oOOMeHHble €eMKOCTH MOHMTa, I-
3KB/a1; Vn - o6beM HoHHTa B GHALTPE, KyO.M,

Kak mokasaaM pacuertbl, ofbeM onpec:
HeHHOro CTOKa npH HCNOAb30oBaHHMK |1 T
KaTHOHHTAa WM | T aHHOHMTA COCTaBHT [1pH
MHHepanuzaluy 3-4 r/a - 100 KkyG.M, a npu
MHHepaauzaunn 10-15 r/a - okono 20 kyb.m.
Mpn ctoke 1 Kyb.M/4 3aMeHy B IepPBOM
caydae HeoOXOAMMO OCYLLECTBIATbH pa3 B
YeTBEPO CYTOK, BO BTOPOM - exeaHeBHO.

OunlleHHaA H obecconerHan BOJA
NOCTyNaer B HAKOMHTENbHYIO €MKOCTb, OTKyda
nepekavnpBaeTcA anbGO B OpPOCHTENbHbIA
KaHan, anbo B npya-cOOpHMK; B  Ha-
KOTMHTEAbHOH €MKOCTH YCTaHaBANBaeTCA [AaT-
YHK, OMNpeaeAloUuInd 1EKTPONPOBOANMOCTD H
pH BoabI, _

YcraHoBka HOHOOOMeHHBIX HABTPOB B
[eMHHepanu3alMOHHOH Tanepee BbINonHAeTCA
TakKMM 06pa3oM, 4TOObI Aerko NMPOHU3BOAHACH

3aMeHa oTpaboTaHHbIX HOHHUTOB Ha
pereHepHpoBaHHble, PereHepaulio  HOHHTOB
peKkoMeHayeTcA OCYILIeCTBAATD LeHTpa-

(IM30BaHO Ha YCTAHOBKE, NPOU3BOAHTENBHOCTD
KOTOPOH 3adaeTcA B 3aBHCHMOCTH OT 00beMoB
obpabaThiBaeMbIX Ha cHCTeMe [peHaMHbIX
- CTOKOB.

B Ka4yecTBe NpHMepa pacCMOTPEH COCTaB
ApeHaxXHoro cToka B [lannacoBCKkoM paHoHe

dissolved substances (g/l), the volume of ion

exchanger and its specific ion-exchange
capacity.
From equations (1) and (2) the time

defense activity can be written as:

where C - sum concentration of electrolyte,
a/k;

] - average equivalent weight of dissolved
salts;

X - permissible volume of treated water, m ;
m - specific ion-exchange capacity, g eq/L;

v - ion exchange volume, m .

According to estimations the volume of
purified runoff witch is treated by 1 t cation-
exchanger and 1 t anion-exchanger is 100 m
by mineralization 3-4 g/l and about 20 m by
mineralization 10-15 g/I. If the velocity of
water flow is 1 m /h the replacement of ion-
exchanger is necessary to make one time for
4 days for the former case and daily for the
second case.

Pure water come into accumulating
capacity, after that pumps over irrigating canal
or over collector pond. In accumulating
capacity pH- and conductivity sensors must be
installed.

The installation of the ion exchange filters
in demineralization assemble is performed so
that the replacement of ion-exchangers can be
easy. It is recommended to conduct ion
exchangers regeneration centrally.

As an example demineralization of drainage
waters in Palasovka district, Volgograd region.
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Boarorpaacko#n obnacth. [peHaxHana Boda Xa-

paKkTepH3yeTcA  CaedylolwlMM  coAepXKaHueMm
noHos: Na - 147, Ca - 20, Mg - 45, CI - 120,
SO4 - 84, HCO3 - 8,0 Mmrake. O6bian

MHHepanu3auma - 13 r/n. npn pereHepauun |
T KaTHOHHTA MOXXHO BbiJAEINTh MNOBapeHHON
conn 122, rHapoKcHAa MarHMa 46, rnnca 88
K.

PaspaboTtaHHaAa Ha XnMH4YecKoM daKydb-
~Tete MIY TexHonorMyeckaa cxeMmMa pere-
HepauuMH /6/ nNoO3BOMAET TIPOBOAWTL 3TOT
npouecc B 3KONOTHYECKH YHCTOM pexHMe,
T.e. 6e3 Kaknx-1Mbo cTOKoB. Bblgensemble B
pe3ynbTare pereHepaudy BeLWecTBa - Xa0opHa
Harpua, rHAPOKCHA MarHuf, cofb KaabLuA -
NoMy4yalTCd B BHAE HACBIWEHHbBIX W [e-
peHacbhlleHHbIX pacTBOpPOB, 3aTpaTbl pere-
HEPHPYIOLLINX BellecTB COMAHOH KHC/AOThI M
rHApOKCHAa HATPUA 2KBHBAMEHTHbI €MKOCTAM
obpabaTtbiBaeMbIX HOHHTOB.

YcTaHOBKY MOXKHO CcHabanTh  aunacppar-
MeHHbIM Anann3epoM. B 3TOM cayvae 31eKTpo-
ANTHYECKOE pa3ioMeHHe XAOpHAa HaTpHA, B
pesynbrare KOTOpPOro roqy4aloT pacTBOpbI
CONAHOA KHCAOTBI H THAPOKCHAA HaTpHAa,
NO3BONAT NpHMepHOo B 10 pa3 COKpaTHTb
pacxoabl Ha pereHepauHio HOHHTOB W CHATb
BONPOC O CHabKeHNH 3THMH peaKTHBamH.

AnA NpoBepKM  BO3MOXHOCTH  MCHOb-
30BaHHA TaKoM CXeMbl H noadopa
HOHOOOMEHHBIX  CMOM  MPHUMEHHTeNbHO K

KauecTBY (pOPMHPYIOLIMXCA APeHaXHbIX BO4 B
Boarorpaacko#n o6aactd  ObliM  NpoBedeHbi
nceneqosanna  (B.C.MacnuleBa) no  obec-
COMMMBAHUIO /peHaMHOA BOAbl Caedyioluero
cocraBa: HCO3-7 wmr-aks/n; Cl-275, S04-76,
Ca-65, Mg-130, Na-165 wmMr-akB/a, MuHepa-
n3aumsa apeHaxuon eoast 20,3 r/a. Boga He
MMena TBepAbiX TMpHUMecen H MeCTHLHAOB,
NO3TOMy MpeABapHTeNbHOA MOArOTOBKH ee
neped nogdaved B HOHOOOMeHHble HALTPbI
He Tpebosanoch. HccaenoBanoCh H3MeHeHHe
06MEHHOW eMKOCTH CHCTeMbl HMOHOOGMeHHBIX
KOMOHOK B 3aBHCHMOCTH OT “HCAa LIMKIOB
onpecHeHna ApeHaM@Hon BOAbl H pereHepauHH
cMon. | OmpecHeHne  OCyLIeCTBAANOCh  NyTeMm
TIpoMnycKa ApeHaHOH BO/bI yepes
nom)oﬁmennble ¢hHAbTPLI,  NepBbIn W3
KOTOpbIX OblA 3amonHeH KaTHOHHTOM KY-2x8
B H ¢opMe, a Bropor aHnoHntoMm AH-511 B
OH d¢opMme. Hcnodb3yeMble KOMOHKN HMerH
Anametp 20 W BbicoTy 600 MM. Bcero 6blao
npoBeaeHo 100 LINKAOB ‘onpecHeHHe-
pereHepauya’. Mo OKOH4YaHHio paboTbl Obina
onpeaeneHa oOMeHHaR eMKOCTb  KOOHOK.
[poBeaeHHble HcenegoBatna NO3BO(NH

the composition of drainage water s
following: Mg - 45, - 2- -Cl -.120, SO -84,
HCO =8 _mg/eq. The total mineralization is 13
a/l. 122 kg NaCl, 46 kg Mg(OH) , 88 2 kg
gaypsum are separated under 1 t cation
exchanger regeneration.The demineralization
assembly can be supplied with diaphragm
dializer. Then electrolytic decomposition of
NaCl allows to fabricate HClI and MNaOH
solutions. The dialyze reduces reagent supply
for ten time.

To test the usefulness of this technology for
drainage waters in Volgograd region the
researches of demineralization were carried
out. The water composition - - 2- 2+ 2+was
HCO - 7, 1 - 275, SO - 76, Ca - 65, Mg -
130, Na - 165 mg-eq/L

The total mineralization is 20.3 g/l.No solid
pollutants and pesticides consist in this water.
Hence previous treatment is not required.

The variation of the ion-exchange capacity
vs number of "water demineralization - resins
regeneration” cycles.

The demineralization was performed by
passing drainage water through column with
KY-2x8 cation-exchangers (H® form) and
second columns with AH-511 anion-exchanger
(OH form). 100 cycles was carried out.
Finally exchange capacities were determined.

As a results of these experimenters we
can conclude what:

-jon exchange capacities have no changes
for 100 cycles of ‘demineralization-
regeneration”

4on exchange resins Ky-2x8 and AH-511
are useful for this technology.

-drainage waters in Volgograd region have
no active admixtures destroying ion-
exchangers.
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c/lenath Caeaylowne BbIBOIbI:
-06MeHHbIe €MKOCTH HOHHTOB MpaKTHYECKH
He H3MEeHHIHCh B TIpolecce CTa LHKIOB
olpecHeHHA-pereHepaLvH;
- HOHooO6MeHHble cMonbl KY-2x8 n AH-511
NpHroaHbl ANA HWCNOAb30BaHHA B AaHHOM
TeXHOMNOTHH; '
- ipeHaxkHaA Boga Bonrorpaackon obaactu
He HMeeT al'PECCHBHDbIX fIpHMeECen,
OTPHL@ATENbHO BAMAIOLUMX Ha MOHHTBI;
-PH  NpOBEleHHH - onbiTa B  BbICOKHX
LHNUHAPNYECKHX KOMNOHKaxX 4acTH4HO pas-
pyWwaqHch 3epHa OBOMX HOHMTOB; YTOOBI
H3bexarp 3TOro, UenecoobpasHO HCNONb-
30BaTh KOMOHKH KOHHYECKOH HOpPMBI.

Y4HTbIBAA BO3MOMHOE MNPHCYTCTBHE B
ApeHa)<HbiX BOAaX TNeCTHIHAOB, TAMENbIX
MeTaa1oB W Jp. 3arpAsHHTENeH, B CXeMy

BKAlOYeH 610K OYHCTKH OT MeCTHUHAOB, T.K.
B TMpPOTHBHOM Cy4ae NpPOUCXOANT 'OTpaB-
(1eHHe" HOHHTOB H 1nepnod HX paboTbl
cokpawaercAd. Kak noKasan nareHTHbIA
MOHCK Mo [AaHHO# npobrieMe, B Kavecrse
¢pHAbLTPOB-COPOEHTOB, NpeaHasHa4eHHbIX A1A
OMHMCTKH,  MCNOOb3yIOT  AKTHBHPOBAHHbIM
yrons, Ha MNOBEPXHOCTH KOTOPOro HaXOAHTCA
BOJAOPACTBOPHMBIA MHHEpanbHbI KOMIOHEHT,
rayOuHHBIA  (GUOLTP C  3arpy3kol  HH3KOH
NAOTHOCTH, B KOTOPOM KaMablH CIOA HMeeT
CBOIO NAOTHOCTD H [INCNEPCHOCTD,
MPUPOAHBIA MOHTMOPHAMIOHHT ¢ golaBKaMH

KpeMHe3eMa, OeHTOHHTa . M Karaau3artopa,
nnaBalomnin  GUALTPYOWNH  caoR,  06-
pa3oBaHHbIA  MacTHLaMH  [oaH3THAeHA. B

Halen TEeXHOMOTHH Mbl MPHMEHH(IH TUHO3eM,
HanblAeHHbIA Ha TNMOBEPXHOCTb BOMOKHHCTOrO
dnabTpylolero Marepuana, 3¢p@EKTHBHOCTb
KOTOPOr0o OKa3afdachb JOCTATO4YHO BbICOKA K
NOrOILEHHIO OTAENbHbIX BHAOB NeECTHLUHAOB.

Takum o6pasoM, pa3paboTaHHaA Mano-
3HeproeMKasa TEeXHOOTHH YAYy4lleHHA Kau-
eCcTBa [peHaxHOro CToka HenocpeacTBeHHO
Ha THIpOMeNHOPaTHBHON CHCTeMe C HC-
noab3oBaHHeM MeToda HOHHOro obMeHa
No3BOAAET MNOAYYHTb AONOHHUTENbHBIA pe-
CYpPC MNpecHOW BOAbI, TOBAPHbIA MPOAYKT B
BHUAE OTAeNbHbIX Coned, a TaKkke obec-
nevynuBaeT oOXpaHy OKpyXalowed cpedbl OT
BO3AEACTBHA 3arpPA3HEHHBIX [peHaxHbIX BOY
6narogapa = HX BHYTPHCHCTEMHOMY HCHOb-
30BaHHIO.

-in c¢ylindric columns grains of both ion-
exchangers were partly decomposed.

To prevent this negative effects cone
columns should be applied.

For the possible presence of pesticides,
heavy metals ions and other pollutants
purification unit should consists of special
filter which prevent ion exchangers poisoning
of pesticides.

As such filter activated charcoal covered by
soluble mineral component or depth filter with
low charge density in which each layer has
own density and dispersing, or natural
montrillonit with admixtures, or floated filter
layer of polyethylene particles can be used.
We used alumina deposited in the surface of
fibber materials.

The effectivity of this filter seems to be
high for elimination of separate types of
pesticides. '

Thus, we could conclude that the
developed cheep technology of drainage
runoff water improvement directly in hydro-
reclamation system with ion-exchange method
permits to obtain added volumes of fresh
water and chemicals in saturated solutions.

This technology can reduce the damage
influence of irrigation on environment due to
intrasystem utilization of drainage runoff.

789 .



TABMUA 1.

XUMHYECKHA

Me(nHoprpyeMbiX 3emadx Poccuu

COCTaB

AP€HaXHbIX H

ApPeHa’KHO-COPOCHbIX

BOA

Ha

Pernon, Xo3- | far | Cyx CopepxaHHe KOMNOHeHTOB, Mr/a ITpHMey
panoH BO, a oM aHve
opoch | oth | ocT
T. opa | a
CHCTE TOK
Ma
mr/ | HC | CE | SO Ca Mg | Na+
a ) K
CraBpononbc | coxo | 16. [ 25 | 353 ( 106 | 132 j 270, | 133, | 271 | [laHHbIe
KM Kpa#. 3. 11. | 09 | .8 0 5 8 4 | CeBKaB
6accert p. “Konc | 88 rMNpoB
Kymbi Ta- o/1x03a
HTHHO
B-
cknn”
Crappononbc | coxo | 11. | 11 | 414|102 | 523 | 370, | 474, | 204 | To xe
KHA Kpa#. 3 12, | 36 8 8 | 2 7 2 0.6
baccenH p. "H3ob6 | 85| 6
Eropabik H-
(TbHeB
CKHit” ‘
CraBponoabC | Konxo | 22. |63 | 274 | 851 {312 | 501 | 304 | 105 | To xe
KHA Kpa#. 3 08. | 54 | .5 .0 1,9 8
BaccenH p. “Poan | 87
Kanayc Ha"
Boarorpaack | “Kpac- | 28. | 13 | 488 | 420 | 403 | 400 | 540 | 338 | faHHble
aa obn., HbIA 12. 1 04 2 1 | BHHHUT
MaanacoBcku | Oktab | 85 1 . nM
" panoH pb”
OmMmckan ob6a. | Hopo | 24, |61 | 549 | 238 | 120 | 280 | 342 | 158 | flaHHble
ocMmaH | 09. | 49 2 I | OMcKrv
CKad 84 npoBog
0C X03a
TABMIIA 2. BbIHOC COMen C OPOCHTENbHbIX CHCTEM
HanMeHosaHne loawl MuHepanu3auus, BbiHOC
oC HabmwaeHnn r/n conen 1T/ra B
roa
l'yaepmecckasn 1962-1965 0.5-7,5 1-7
Huxnegonckasn 1965-1968 0,311 3-5
AzoBckan 19067-1968 1,8-6,1 7-10
[Iponerapckas 1965-1968 0.5-25.0 23-40
MeTpoBCKo- 1962-1968 0,7-14,0 21-33
AHacTacHeBCKaA -
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TABLE 1. Chemical composition of drainage runoff waters in Russia.

region: syste | Dat | ana deposit
m a | lisi
S
mr/ { HC | 80 Ca Mg | Na+
a Q K
region basin | “Kons | 16. |25 | 355 | 132 | 270, | 133, | 271
of Kuma tantin | 11. | 09 | .8 0 5 8 A
river ovsky | 88
region basin | 'lzobil | 11. | 11 |[414 523 | 370, | 474, | 204 |
of Egorlyk nensk [ 12. | 36 8 2 7 2 06
river y' 85 6
region basin | 'Rodin | 22, [ 63 | 274|312 | 501 | 304 | 105
of Kalaus a' 08. | 54| .5 | 1.9 8
region river 87
Volgograd ‘Krasn | 28. | 13 [ 488|403 | 400 | 540 | 338
region yi 12. '| 04 2 1
Palasovka Oktya | 85 1
district. br*
Omsk. region | ‘Novo | 24. |61 | 549|120 | 280 | 342 | 138
omsk | 09. | 49 2 I
aya’ 84

TABLE 2. Salts runoff from irrigation systems.

v

Irrigation years mineralization salts
system runoffm
Gudermesskay 1962-1965 0,5-7,5 1-7
Nizhnedonskay 1965-1968 0,3-11 35
Azovskaya 1967-1968 1.86.1 7-10
Proletarskaya 1965-1968 0.5-25,0 23-40
Petrovsko- 1962-1968 0,7-14,0 21-33
Anastasievskaya
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The scheme of the drainage system with water purification
by ion exchange: 1. Wells for visual observation; 2.
Horizontal drains; 3. Collector; 4. Regulator of water
expense; §, Filter for mechanical purification; 6.
Naturél sorbent filter; 7. Cation-exchanger; 8. Anion
:xchanger; 9. Accumulation car ity; 10. Pumping station;

11, Irrigation canal; 12. Demineralizatijon assemble.




HHTEHCH®PHKALIMA TMTPOUECCOB BOAO-
OYHCTKH H PALIHOHA(IBHOE HCIO/b30-
BAHHUE KHAKHX H TBEPABLIX OTXOAOB B

MPOMbBILLI/IEHHOM NMPON3BOACTBE

KoBanes B.B., KaH4.XHM.HayK,
KuumHeBcKoe Hay4YHO-TIPOH3BOACTBEHHOE
ob6bequrenne ‘TexHoaorna’

MauiMHO ¥ NpUBOPOCTPOHTE(IbHbIE TMPOH3-
BOACTBA, BKAIOYAOUHe NPOLECChl HaHeCeHHH
ranbBaHO-XMMHYECKUX M 1aKOKPACOUHBIX

MOKPbLITHH, H3rOTOBAEHHA Me4YaTHbIX naar,
MeXxaHn4eckyio oOpaboTKy HApyrHe BH/bI
0o6paboTKM  MaTepHanoB, - XapaKTepH3YIOTCA

c6pocoM B CTOuHble BOAbl 6GoabWOro pas-
HOOOpa3nA TOKCHYHBIX HHrPeAHeHTOB pas3-
an4Horo ¢as3oBo-AMCIEepCHONO COCTABA: HOHBI
THMEAbIX MEeTaNI0BB BHAE NPOYHBIX BOAO-
pacTBOpHMbIX B LUMPOKHX npedenax pH
KOMIMEKCHbIX COEAHHEHHH, MHOXeCTBO Op-
raHM4YeCKHX BelecTs, B3BecH, CYCNeH3nH H
3MYIbCHH, H XapakTepH3YIOTCA MNOBbILIEHHOA
MHHeparnmn3almen.

[lpeanoxkeHHas HaMH KOHUEMNUHA 3KOA0-
rMYE€CKOM YHCTOTbI TMPOMBILLIEHHBIX TIPOH3-
BoacTB OasupyeTcA Ha TpPeX YPOBHAX 3KOM0-
TH3aLHHA.

TlepBbIA ypOBeHb BKIIOYaET palMOHANH3aUMIo
TEXHOIOMMM Ha OCHOBE HMelolleroca pas-
HOOOpasHA TEXHHYECKHX CPEACTB H PeLLeHHH.

Bropoit ypoBeHb OCHOBAH Ha npoleccax
CeeKTHBHOW  pereHepaulnH  oTpadoTaHHbIX
TeXHOIOTMYECKUX pacTBOPOB M BOAbl B OC-
HOBHOA TeXHONOTHHNPOH3BOACTBA C peKyne-
pauren MeTanoB M APYrHX LEHHbIX BELIeCTB.
- TpeTHH YpOBeHb 3KOIOTH3ALMH BKaoo4aer
OYHCTKY MHOIMOKOMITOHEHTHBIXCTOUYHbIX BOA,
KOHAMLIHOHHpOBaHHe, 00e3BOXHBAHHE H YTH-
(M3aUHI0 TBepaAbIX, 2 TaKxke KHAKHX KOH-
UEHTPHPOBAHHBIX OTXOAOB.

Hamy npeagnoxeH psa HOBBIX TEXHHYECKHX
PEeWeHnn AnA peann3alni 3TOA KOHLIENLUHH.

B ocHoBe paszpaboTaHHbIX TeXHOAOTHH H
annaparos (leXaT 31eKTPOXMMH4YeCcKHe MeTo-
Abl BOAOOYHCTKH, HarmpabeHHble Ha ¢GOpMH-
poBaHne 3adaHHbIX CBOWCTB OCAJKOB, Bblde-
AAIOIMXCA B BHAEOKCHAOB WM  CBOGOAHDBIX
a3 TAXKeabIX MeraaaoB, H obdadaloLHX
BbICOKOH XHMH4eCKOH CTOMKOCTbIO, 4YTO 0OycC-
(1aBIMBaeT TMOBbILIEHHYIO CTeneHb O4YHCTKH
CTOYHBIX BOA W obnervaer BO3MOMKHOCTb
YTUIH3AUUH OCAKOB.

PaspaboTanbl caeagylollde TeXHOAOTHH H
annapatbl A1A HWHTeHCHHKAUHUH NpPOLEeccoB
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INTENSIFICATION OF WATER PURIFICATION
PROCESSES
AND RATIONAL USING OF LIQUID AND
SOLID WASTES IN INDUSTRY

Kovalev Victor V., doct.of sci., chemistry
Scientific-Froduction Assotiation
‘Technology'Kishinev, R.Moldova

Machine- and device-building industry, in-
cluding galvano- chemical plating and coating
of vamish and lacquer, printed boards
production,mechanical treatment and the
other kinds of technological processes, are
closely connected with the dump- ings into
the wastewaters the various toxic ingredients
which have  different  phase-dispersive
compozition: heavy metal ions in the form of
strong complexes existing in aqueous media
in the wide range of pH, a variety of organic
substances, suspen- sions and emulsions, and
have the high degree of mineraliza- tion.

Ecological problems in industry can be
solved on three levels.

First level includes the choice of the ra-
tional tech- nologies from the existing variety
of technological means and methods.

Second level is based on the processes of
selective regeneration of used concentrated
solutions and water in the main technological
processes with the recovery of metals and
other precious components.

Third level includes muiti-compo- nent
waste water purification, conditioning, dehy-
dratation and utilization of solid as well as
liquid concentrated wastes.

We have proposed and realized a number
of new technical solutions of above-men-
tioned tasks.

As the basis of elaborated technology the
electrochemical principle of water purifica-
tion was selected.The main purpose is to



BOAOOYHCTKH H 0O6paboTKH BbICOKOKOHLIEH-
TPHPOBaHHBIX KHAKHX H TBEPABIX OTXOAOB ;
3(0eKTpOMarHeTHTHaA TeXHOAOMMA BOAOOYH-
CTKH C CHCTEMOH peKyrepalHH KoaryaaHta
H ¢eppUTH3auner ocaaka, H pPeakTopbl TH-
na'dneMar” aas OCYLLEeCTBAeHHA 3THX Mpo-
neccoB ¢ abpa3sHBHO-MeXaHHWYEeCKOH aKTH-
BaUHerd MOBEPXHOCTH PAacTBOPHMbIX Fe- Han
Al-3qek-TpogoB €O BCTPOEHHOH CHCTeMOH
OTCTaHBaHHA ocadka H pHABTPALHN OYH-
1aemMon BOabl;

HHTeHCcnHUMpOoBaHHble TMpOLECcChl  BOAOO-
YHCTKH C HCIOIb30BaHHEM MMIYIbCHBIX H
NepHOAHYECKNX TOKOB C 0OpaTHbIM peryan-
pPyeMbiM HMMyAbCOM, W HCTOYHHK TNHTaHWA
AA ynpaBIeHWA TNPOLEeCCOM 3eKTPOx3a B
3aBHCHMOCTH OT KayecTBeHHOro H Koauye-
CTBEHHOTO COCTaBa CTOYHBIX BO/;
TE€XHOMOrHH H annapatbl A(IA pereHepauuu
0TpabOTaHHbIX BbICOKOYCTOHUHMBbBIX 3MY(IbCHH
M TEXHOMOTHYEeCKHX  pacTBopoB  0fes-
JKHMpHBaHHA H MOHKH ("YabTpa-OF", "YabTpa-
CO/"), TpaBneHHA CTanH HUBETHbIX Mera-
anos ('Kosroa'), 1 APYrHX ¢YHKLHOHAMBHbIX
3(1eKTPOANTOB;

TEXHOAOTHH M annaparbl Aaf Ce(eKTHBHON

pereHepallMM LBETHbIX MeTaa1oB M3 Mpo-

MbIBOYHBIX BOf, OCHOBaHHble Ha TpoLeccax
HHTEHCH(HKALUHWH HX 3IOMPOBAHNA H3 HO-
HHTOB MeTOAOM BaKYyMHOH pereHepauuH C
nocaeAylOUIMM 3a1eKTPooCaxdeHHeM B Npo-
TOYHOM pexkMMec abpazHBHO- MeXxaHH4eCKHM
CbeMOM  [AHCIepPrHpOBaHHOrO MeTanna, a
TakKe Ha npuHUMnNax §azoBoO-AUCIEPCHbIX
npeBpalleHHA HX COeAHHEHHA TNpH  3ne-
KTPOXHMHYECKOH Koppekunn pH, wnan nmnpo-
ecca XaBTOKATATHTHYECKOro BOCCTAHOB(e-
HHA NpH 06paboTKe PAAOM peareHTOB;
TEXHOIOTMH YTHAN3ALUHH TBepabIX OTXOAOB
NpyH CHHTe3e YraepoaHO-MHHepanbHBIX CO-
pOEHTOB W MpHMeHeHHA HX A1A AOCOYNCTKH
BOAbl, Mn60 B KavecrBe A00aBOK B TNpOH3-
BOACTBE KepaM3HTa.

lpoBegeHHble KOMIAeKCHbIE HCCIeq0oBaHNA

N HafgeHHble  HOBble  TeXHOMOTHYECKHe

NpHeMbl W pelleHHA, OCHOBaHHble Ha Goaee

YeM 60 H300peTeHNAX M MareHTax, NO3BOHIH

paspaboTaThb KOMI(IEKCHbl€ TEXHONIOTHHH H

6ao4HOMOAYIbHOE obopyaoBatine, f103-

BO/IAIOLIME TOBbICHTh Ka4eCTBO O4HIIaeMoH

BOAbl A1A ee MOBTOPHOIO HCIMONb3OBAHWA H

ofecne4nTb YC/IOBHA TMOMYMEHHA OCAAKOB C

3aaHHbIMH CBOWCTBaMH M yay4yllleHHbIMH Xa-

PaKTEpHCTHKaMH TMpH  HX  CeanMeHTallyH,

(pHabTpaUNH M YTHAN3ALMH.

794

obtain the sediments in the form of heavy
metal oxides which posess high chemical
stability, the fact that ensures high degree of
waste water purification and brings more
possibilities of sediments utilization.

Following technologies and equipment for
the waste water purification processes and
high-concentrated liquid and solid wastes
treatment were developed:

electrochemical technology of water purifi-
cation inclu- ding the system of coagulant
recovery and ferritization of sediment and
the. corresponding reactors of ‘Elemag’ type
with the abrasive-mechanical activation of
surface of soluble Fe- or Al-electrodes,
containing the built-in settler and filter
systems;

electrolysis with pulse and periodic currents
with reverse regulated impulse, and power
source to intensify and control the process
depending on the  qualitative and
quantitative waste water compozition;
technologies and equipment for regeneration
of used water- emulsion, technological
solutions of degreasing and washing (‘Ultra-
OR', *Ultra-SOJ"), of steel and non-ferrous
metals etching ('Koviol'), and the other
proceses;

technologies of selective recovery of non-
ferrous metals from rinse waters, based on
the autocatalytic processes of electro-
chemical transformations of dispersive sys-
tems;

technologies of solid wastes utilization as
carbon-mineral sorbents in order to use
them in the systems of additional purifica-
tion of water, or as agents in the produc-
tion of ceramzite.

New technological methods and processes,
including more than 60 inventions and
patents, give a possibility to inten- sify the
water purification processes, to_ increase the
water quality for its repeat use and to obtain
sediments with given properties and with
improved characteristics on sedimentation,
filtration and utilization.



A(EKTPOXUMHYECKHH CITOCOB H OBOPY-
AOBAHHE AR OYHCTKH CTOYHbIX BOA H

OTPABOTAHHbIX PACTBOPOB
e = e e e e

KoaecrnkoB Baaqumup AdexcanapoBHY, 4-P
TeXH. Havk;

HaprH BanepHF HBaHOBHY, KaHA. TEXH. HAayK;
Bapaxchn CranHciaas OqeroBHY,

KaHd. TEXH. HayK

FOCCHACKMA XHMHKO-TEXHOAOIHYECKHA YHH-

" Bepcurer HM. (I H MeHnedeeBa

DKOMOrnyecKkne npobnembl ranbBaHo-
TEXHHKH MpHBAeKaloT nocaeguue 10-15 aer
LINPOKOe BHHMAHHE Y4YeHbIX M CNelUHanucToB
NPOMbIlL/IeHHOCTH,  H3-3a  HecOBepllleHCTBa
TEXHONOrHH eXerodHo B POCCHHMM H CTpaHax
CHI' cOpacbiBaeTcs B BOJOeMbl  [POMbI-
lWAeHHLIMH MNpeAlpHATHAMH OKono 1 mapa.
M3 CTOuUHBIX BOA M OKOMO 50 ThIC. TOHH
HOHOB TAMenblX Metannoe (HTM): Zn, Cu, HNi,
Cr, Al, Fe, Sn v ap.

B  POCCHMACKOM XMMHKO-TEXHO(IOTHYECKOM
yHnBepcutere MMenn [.H. MeHaeneera ¢
1986 roaa pa3pabaTbiBalOTCA 3(1€KTPOXHMH-
Yeckne {(31eKTPOQ/IOTAaUHOHHEIE) TeXHOMIOTHH
MO QUUCTKE MPOMbIBHBIX H CTOYHBIX BO4, pe-
reHepauny  oTpaboTaHHbIX  pacTBOPOB W
3NeKTPOUTOB H YTHAM3ALUHMH LIeHHbIX KOMMO-
HEHTOB.

PasHooOpa3Hbli  aCCOPTHMEHT  BbINYCKa-
eMON B ranbBaHM4YeCKOM  [POH3BOACTBE
npoAyKUHH npeanonoraet HaHme B
NPOMBIBHLIX H CTO4YHBIX Bogax Ppa3aH4yHoOro
pofla TnpHUMecen: - B3BeCH B BH/IE TOHKO-
[HCAEpPCHbIX CYCMeH3WA W 3MyIbCup; -
KOMIOMANbIE M BbICOKOMOEKYIApHbIE COe-
AHHEeHHA; - OpPraHHYeckHe BellecTBa; - COH,
KHCIOTbl, OCHOBaHHWA. 1A KamAoW H3 rpynn
npMMecen  CyUIeCTBYIOT CBOM  HauOonee
a(ppeKTUBHbIE METO/Abl OUHCTKH.

Hanbonee NepCNeKTHBHBLIM  3(1eKTPOXUMH-
YeCKHUM MeTO/0M ABIAETCH 3aeKTpodaoTauHa,
HecMotrpa Ha TO, 4TO 201eKTpOdAOTAUMA Kak
MeTod H3BecTeH ¢ 70-X rogosB, 4dd pelleHHA
npobaeM 3KOMOTMH K pecypcochepereHna B
ranbBaHOTEXHHUKE W TNPOH3BOACTBE [1eYaTHbIX
NaaT OH He NPHMEeHAACA. B TO e BpeMsA, Kak
nokasany  HallM  HCCIedoBaHHA,  MeTos
ABACTCHA AOCTaTOYHO YHHUBEPCAbHbIM,
BbICOKO3((DEKTHBHBIM, 3KOHOMHYHLIM, 3KO-
IOTH4ECKH 0e30NnacHbIM M  XapaKTepH3yeTCA
NPOCTOTOH 3KCNAyatalun W ManorabaprTHbIM
obopyaoBaHneM.

ELECTROCHEMICAL METHOD AND EQUIPMENT
FOR TREATING WASTE WATERS AND SPENT
SOLUTIONS.

Viadimir A. Kolesnikov, D.Sc. (Chem. Eng.);
Valery 1. llyin, Fh.D. (Chem. Eng.);

Stanislav O. Varaxin, Fh.D. (Chem. Eng.)
Mendeleev Universily of Chemical Technology

Ecological problems of electroplating
engineering in the past 10-15 years draw
great attention of scientists and industrial
experts. Due to lack of improved technology,
in Russia and the CIS countries about 1
million m3 of waste waters and about 50
thousand tonnes of heavy metal ions (HMi):
Zn, Cu, Ni, Cr, Al, Fe, Sn et.c. are discharged
into water reservoirs annually by industrial
enterprises.

At the Mendeleev University of Chemical
Technology. Moscow since 1986
electrochemical (electroflotation) technologies
for rinse and waste waters treatment, spent
solutions and electrolytes, valuable
components recovery and utilization are
being developed. _

Different types of assortment of products,
manufactured in electroplating production
proposes the presence of various types of
contaminants: - particles in form of fine
dispersed suspensions and emulsions; -
colloid and high molecular compounds; -
organic substances; - salts, acids, bases in
rinse and waste waters. For each of the

contaminant groups there exist its most
effective treatment methods

The most prospective electrochemical
method is electroflotation. Although that

electroflotation as a method has been known
since the 70-ses, but it was not applied for
tackling problems of ecology and resource
conservation in electroplating engineering and
printed circuit board production. At the same
time, as our studies showed, the method is
essentially  universal, highly  effective,
economical, ecologically safe and
characterized by simple exploitation and
small -sized equipment.
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[epcrneKTHBHOCTD TNpHMeHeHHA 3TOro
MeToda cBA3aHa ¢ ofpa3oBaHHMeM npH
3(1eKTPOAN3Ee PacTBOpa BbICOKOAHCNEPCHBIX
Ny3bIpbKOB rasa (BoAopoda H KHCaAopoaa),
paBHOMEDHO  paclpedendeMbix B  ob6’eme
ob6pabarbIBaeMOH AKHAKOCTH.

daextpodnoTauronHas o6paboTka Boabl
yClelwHo npHMeHAEeTCA /1A yAaleHHA B3Be-
LIeHHbIX TIPUMECeA U OCBETIeHHA CTOKOB, H
A08 O4YHCTKH CTOYHBIX BOA OT HedTenpoayk-
ToB, TAB, Macen, »HPOB. [Ad HCKIIOYeHHA
3arpA3HeHnss M OKHCAeHHA TeHHOro NpoAyKTa
npy 3nekTpodaoTauny TPHMEHAIOT pasaeqne-
HHe KaToAHOro H aAHOAHOTO TMPOCTPAHCTBA
HOHOOOMeHHbIMH MeMbpaHamH.

B Hacrosllee BpeMA aBropaMH paspabora-
HO pAA TeXHOAOTMA H anmnaparypHo- TexXHO(10-
MMYECKHX CXeM OYHCTKH [MpPOMBIBHBIX H
CTOYHBIX BOJ, pereHepauyy oTpabOTaHHbIX
T€XHOMOTHYeCKHX pacTBOPOB H 3(1€KTPOHTOB,
OpHrHHanbHble KOHCTPYKUMH anapaToB, a
MMeHHO: 371eKTpodaoTarop H NeKTpodho-
Tarop C 3aeKkTpokoppektropom pH, Hanpae-
AeHHble Ha BO3Bpar BOAbl H  YTHAH3ALUHMIO
IIeHHbIX KOMIMOHEHTOB, YTO BbIpaXaeTcA B
NMPaKkTH4YeCKOM [PHMeHeHHH Tpex Mogaynen
OYHCTKH CTOYHbIX BoA. PaszpaboraHHble Tex-
HHYeCKHe pellleHHA HCTonb3oBaHbl B BHAE
TEXHOMNOrMYeCKOH YacTH TMNpPOeKTOB TpH  BbI-
noaHeHHN MNpOEeKTOB CTaHUMA O4YHCTKH rafb-
BAHHYECKHX UEXOB TAKUMH TPOEKTHBIMH HH-
crutyramn  Kak MITIH,MCNH-8, CanTexHHUHN-
poekr, Cyallpomllpoekr, Hnpommauw, TI'nnpo-
craHok, M'npoHHH3aekTpo H Ap. B nepHoa ¢
1988 no 1993 roa TeXHOOrnH, TeXHH4eCKas
AOKYMeHTallMAe M YCTAHOBKH nMepedaHbl 62
NPOMBIWIEHHBIM  NPEANPHATHAM.  D(IEKTPOd-
[I0TaUHOHHbIE YCTAHOBKH CAaHbl B 3KCNayaTa-
UMK Ha 11 szaBogax.

OpraH13oBaH BhINYCK 060DPY/I0BaHUA HA 3a-
Bode B PXTY (c 1989 roga), B HUH "Hmnynbc'
(c 1990 roaa).

JKOMornyeckne npobnembi ranbBaHo-
TeXHHKH MNpHBaeKalT nocaedanHe 10-15 aer
UIHPOKOe BHUMAHME YYEHLIX H CNEUHATHCTOB
NPOMBIWAEHHOCTH,  H3-3a  HecoBepLUeHCTBa
TEXHOAOrHH exkeroaHo B POCCHHH H CTpaHax
CHI' cbBpacbiBaercA B  BOJOEMbl  [POMbI-
LWI{IEHHbIMH MPeANpPHATHAMH OKOA0 [  Mapa.
M3 CTOYHBIX BOA M OKONO 50 ThbiC. TOHH
HOHOB TAMeENbIX MetannoB (UTM): Zn, Cu, Ni,
Cr, Al, Fe, Sn n ap

Pa3snoobpasHbli  aCCOPTHMEHT  BblTycKae-
MOH B ranbBaHN4YeCKOM MNPOH3BOACTBE [MpO-

Prospect of applying the method is
connected with formation, during electrolysis
of solution, of highly dispersed gas bubbles
(hydrogen and oxygen), evenly distributed in
the bulk of liquid being treated.

Electroflotation method for water treatment
is successfully used for the removal of
dispersed  contaminants and effluents
clarivication and for the removal petroleum
products, surfactants, oils greases from waste
waters. In ortder to avoid contamination and
oxidation of foam product during
electroflotation, cathode and anode spaces
are separated by ion-exchange membranes.

At present, series of technologies and unit
- process flow diagrams for rinse and waste
water treatment, spent process solutions and
electrolytes recovery, original units design are
being developed by the authors. These units
include electroflotator and electroflotator with
pH electrocorrector directed towards water
return and utilization of valuable components,
This is expressed in the practical application
of three modules for waste waters treatment.

The developed technical solutions are
used as a technological part of projects when
executing projects at treatment plant of
electroplating shops by such project institutes
like "MGAI', "GSPI-8', “SanTechNllProekt’,
SudPromProekt’, ‘Iprommash*,"Giprostanok’,
"GiproNliElecro’ et.c. Between the period of
1988-1993, technologies, technical
documentation and units were sold to 62

industrial enterprises The electroflotation
units were transfered to 11 plants for
operation.

The units are being manufactured at
MUChT plant (since 1989) and in ‘Impuls’
Research Institute (since 1990).

Ecological problems of electroplating
engineering in the past 10-15 years draw
great attention of scientists and industrial
experts. Due to lack of improved technology,
in Russia and the CIS countries about 1
million mJ of waste waters and about 50
thousand tonnes of heavy metal ions (HMI):
Zn, Cu, Ni, Cr, Al, Fe, 5n et.c. are discharged
into water reservoirs annually by industrial
enterprises

Different types of assortment of products,
manufactured in electroplating production
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AYKLUMH TIPeAnonoraeT Haan4dHe B FPOMbIBHbIX
H CTOYHBIX BOgaxX pa3IMYHOrO poda MpHMe-
cefl: - B3BECH B BHAE TOHKOAHCIIEPCHBIX
CyCeH3MA W 3MyabCHA: - KOAMOWAHBIE H

BbICOKOMO(IEKY(IAPDHble CO€AHHEeHHA; -OpraHu-
YeckHhe BellecTBa; - COH, KHCIOTbl, OCHOBa-
HuA. [aAa  Kamaod H3  rpynn  npuMeced

CYLLECTBYIOT CBOM Hanbonee adekTHBHbIE
MeTO/bl OUHCTKH,

Ecnv 3a ocHOBY KaacCHMHKaUMH MeToqoB
NpHYHATbH PpeBanupylouinA nmpouecc (Man oc-
HOBHOe YCTPOWCTBO ) TOTO HAH HHOrO MeTo-
aa, TO MeTodbl OYMCTKH MOXHO pa3butb Ha
ceMb rpynm 1) MexaHM4yeckHne; 2) XHMHYec-
KHe: 3) KOoaryaallHOHHO-0TalUHOHHble;  4)
3(CKTPOXHMHYeCKHe; 5) copOuMoHHble; 6)
mMemOpaHHbie; 7) Gnonornyeckue.

OfHako HH O4MH M3 yKa3aHHbIX MeTo/0B
camocroaTenbHo He ofecneyuBaeT B [OMHOH
Mepe BbINOHeHHe COBPeMEHHbIX TpeGoBaHHM:
ouncrtka ao Hopm [[K; sosspar 90-953% Bo-
Obl B 0BOPOTHBIA UMKA; HeBbicokaa cebecton-
MOCTb OYHCTKH; pereHepauva M YTHAW3ALHA
LIEHHbIX KOMMNOHEHTOB.

Mprn 6onbwnx obObeMax NPOWU3BOACTBA Ha
OKANbHBIX CHCTEMaX OYMCTKH LienecoobpasHo
MCNOAb30BaTh  3(1EKTPOXHMMHYECKHe W MeMm-
OGpaHHble MeTodbl (IMEKTPOMH3, 31eKTpoana-
(M3, 3nexkTpodraoTauns), a obulyl CHCTeMy
OYHCTKH OCHOBbLIBaTh Ha COYETaHHH HECKO(Ib-
KMX METOAOB: peareHTHbIH H HoHOOOMeH, pe-
areHTHbId M 3(1eKTpodnoTauna, peareHTHbIH H
ANERTPOAHANHS,

JAeKTPOXHMHUYECKHE METOAbl OYHCTKHM HMe-
I0T pAd NpeHMyllecTs Meped  XUMHHYECKHMH:
ynpoweHne TEeXHONOTHY€CKOA CXeMbl M 3K-
criyataury  NPOU3BOACTBEHHbIX  YCTAHOBOK;
yMeHblleHWe MPOH3BOACTBEHHbIX [OLIAAEH,
HeoBXOAMMBIX ANA  pa3MelleHHA O4HCTHBIX
COOPYXeHHH; He YBelHYeHHe Conecoaepsa-
HHA O4MILAEMbIX CTOKOB M YMeHblUIEHHE KO-
AnyecTBa OOpPa3yIOILMXCA 0CAAKOB NPH OYH-
CTKe

Hanbonee  nepcrieKTHBHBIM  (IEKTPOXH-
MHYECKHM METOAOM ABMAETCH 31eKTpodIoTa-
unA. HecMoTpa Ha TO, 4TO 30eKTpodhaoTalna
Kak MeToad H3BecTeH ¢ 70-X rodos, aAaA pe-
weHna npobaeM 3KonoTMH W pecypcocBepe-
MeHWA B radbBaHOTEXHHKE W MPON3BOACTBE
nevyaTHbIX MAaT OH He NpHUMeHANCA. B To Xe
BpeMA, KaK [MoKa3anW Hallh HCCIeqoBaHWA,
MeTOod HABIACTCA [10CTATOYMHO YHHBEPCAbHbIM,
BbICOKO3(DEKTHBHBIM, 3KOHOMHYHbBLIM,  3KO-
noruyecky 6e3onacHbiM M XapaKTepH3yeTcA

proposes the presence of various types of
contaminants: particles in form of fine
dispersed suspensions and emulsions; colloid
and high molecular compounds; - organic
substances; - salts, acids, bases in rinse and
waste waters, For each of the contaminant
groups there exist its most effective
treatment methods.

If we take the most important process (or
main device) of any methods as a base for
the classification of the methods then
treatment methods can be divided into seven
groups: 1) mechanical; 2) chemical; 3)
coagulation-flotation; 4) electrochemical;: 5)
sorption; 6) membrane; 7) biological.

However, none of the stated methods can
individually provide for complete carrying out
modern requirement: removal down to
Cmaximum permissible level (MPL); 90-95%
water return; low treatment cost; valuable
components recovery and utilization.

If volumes of production are big in local
treatment systems, it is economical to apply
electrochemical and membrane methods
(electrolysis, electrodialysis, electroflotation),
while common treatment system should be
based on combination of some of the
methods: reagent and ion-exchange; reagent
and electroflotation, reagent and
electrodialysis.

Electrochemical treatment methods have
many advantages over chemical: simple
process flow diagram and exploitation of
production units; reduction of production
areas, required for the installation of
treatment facilities; decrease in salt content
of effluents being treated and reduction of

quantity of recipitates formed during
treatment.

The most prospective electrochemical
method is electroflotation. Although that

electroflotation as a method has been known
since the 70-sés, but it was not applied for
tackling problems of ecology and resource
conservation in electroplating engineering and
printed circuit board production. At the same
time, as our studies showed, the method is
essentially universal, highly effective,

economical, ecologically safe and
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MPOCTOTOM 3KCIayaTaunn H ManorabapHTHbIM
obopyaoBaHHeM.

[lepCneKTHBHOCTL MpPHUMEHEHHA 3TONO MeETro-
fla cBAzaHa ¢ obpa3oBaHHeM IpH 31eKTpPO(H3e
pacTBOpa  BbICOKOJHCMEPCHbBIX  MNy3bIPbKOB
raza (BoAopoda H KHCIOpOAa), paBHOMEPHO
pacripegenfeMblx B 06’eme obOpabarbiBaemMon
KHAKOCTH, DaekTtpodoTauuoHHas obpaboTka
BOAbl YCAEWHO TMpHUMeHAeTCA A4A yganeHud
B3BeLUEHHBIX MPHMECed M OCBEeTIeHHA CTOKOB,
H A1 OYHCTKH CTOYHbIX BOA OT Hed-
TenpoaykroB, [1AB, mMacea, xupos. [aA Hc-
K(IOYEHHA 3arpA3HeHNA M OKHCAEHHA MeHHOro
fpodykra NpH 30eKTpodioTauud MpUMeHAIoT
pa3aeneHue Karo4aHoro H aHoaAHOoro
NpocTpaHcTBa HOHOOOMEHHbIMH MeMbpaHaMH,

Baxuon npobGneMon ABAAeTCA CO34aHHe
HepacTBOPHMbIX aHoAoB. B cayyae mnpHMmeHe-
HHA HePacTBOPHMbIX 3(eKTPOAOB MNpPH 30ek-
TpohIOTAUHOHHOM H3BI€Y€HUH UBETHbIX Me-
TannoB MNOBbIIAeTCA CPOK CayKbbl 31eKTpoa-
Horo 610Ka, COKpalllalOTCA peMOHTHble pabo-
Thl MO HX 3aMeHe, HCKIoYaeTcs AONOHH-
TenbHOe 3arpA3HeHHe H3BeKaeMbIx coedHHe-
HHA MPOAYKTaMH pa3pylleHHA aHoM0B.

B POCCHACKOM XHMHKO-TEXHOIOrHYECKOM
yHuBepcurere umeHH [lH. MeHgeneeBa ¢
1986 roga pa3pabaTblBAlOTCA 3(1eKTPOXHMH-
Yeckne (31eKTpognoTauHoHHble) TEXHOIOrHH
M0 OYHCTKE TNPOMDBIBHBIX M CTOYHBIX BOd, pe-
redepaluMH  oTpabOTaHHbIX  pacTBOPOB H
3(IeKTPOAHTOB W YTHIH3AUHMH LeHHbIX KOMMo-
HEeHTOB,

Bbito 0oBHapyXxeHo, 4TO AaA obecneyeHus
MaKCHManbHON 3PPEKTHBHOCTH  31e€KTPOoI0-
TAUHOHHOTO H3BeYeHHA TPyJHOPACTBOPHMbIX
coeAMHeHHH B BHAe 'MAPOKCHAOB, ¢pocdaros,
cynspraoB HeoOBXOANMMO OAHOBpPEMeHHOe Bbl-
nofHeHne CAeAYIOINX YCAOBHi:

MHHHManbHaA aCTBOPHMOCTb H3BleKaeMoro
COeJNHeHHH;

a¢hdeKTHBHbIA 3aXBaT YacTHL EeKTpOn-
THYECKHMH MY3bipbKaMH;

onpeneneHHoe COOTHOLIEHHE reoMeTpHYec-
KHX pasMepoB YacTHL H MYy3bIPbKOB.

OnMbITHLIM NYTEM YCTAHOB(IEHbI TEXHOMOrH-
YeCKHEe MpHeMbl (TOKOBaA Harpyska, npogon-
MHTENbHOCTb BegeHHAa Tnipouecca, go3a ¢ao-
KyisHTa), MO3BOAAIOLIME AOCTHYD HeoOXxoau-
MOH CTelneHH OYHCTKH CTOKOB.

YCTaHOBE€Hbl  3AaKOHOMEPHOCTH  31eKTpo-
¢daoTauroHHOro H3Be4YeHHA MedHn, UHMHKa H
HMX CMECH H3 TPOMbIBHbIX BOA B MPHCYTCTBHH

characterized by simple exploitation and
small sized equipment. '
Prospect of applying the method is
connected with formation, during electrolysis
of solution, of highly dispersed gas bubbles
(hydrogen and oxygen), evenly distributed in
the bulk of liquid being treated.
Electroflotation method for water treatment
is successfully used for the removal of
dispersed  contaminants and  effluents
clarivication and for the removal petroleum
products, surfactants, oils greases from waste
waters, In ortder to avoid contamination and
oxidation of foam product  during
electroflotation, cathode and anode spaces
are separated by ion-exchange membranes,
The main problem is creating insoluble
anode. In case of using insoluble electrodes
for electroflotation removal of non-ferrous
metals exploitation life span of the electrode
block is prolonge, repair works on their
replacement  are  reduced, additional
contamination of the removed compounds by
products of anode dissolution is avoided.

At the Mendeleev University of Chemical
Technology, Moscow since 1986
electrochemical (electroflotation) technologies
for rinse and waste waters treatment, spent
solutions and electrolytes, valuable
components recovery and utilization are
being developed.

it was found that to maintain maximum
effectiveness of the electroflotation removal
of insoluble compounds in form of
hydroxides, phosphates, sulphides it is
necessary to simultaneously carry out the
following conditions:

minimum solubility of the compounds to be
removed;

effective particles trapping by electrolytic

gases;
definite ratio of geometrical sizes of
particles and bubbles.

By means of experiments process
condition are established (current load,
process duration time, flocculant dosage)

which make it possible to achieve required
degree of effluents treatment.

Mechanisms of electroflotation removal of
copper zinc and their mixture from rinse
waters in the presence of ligands (cyanide,
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AHraHaoB (UMaHHaa, nupodocdara, TapTpara,
aMMHaka, J/TA).

O6HapyxeHa BaxHaa poab Mexda3HbIX
ABIeHHH Ha rpaHnue pazaeda ¢IOTOKOHUEH-
TpaT / pacTBOp 3EKTPOHTa B 3(1€KTPogd1o-
TAMOHHOM Mpolecce. YCTAHOBAEHO, YTO 3a-
pAd NOBEPXHOCTH AWCNIepCHOH da3bl (pOopMH-
pyeTca MOHaMH OCaduTens M NPHCYTCTBYIOLLe-
ro KarMoHa Meranna. PAax KaTHOHOB Npu ag-
copbuMn Ha rHAPOKCHAAX H3MEHAIT 3apfdq
NMOBEPXHOCTH H BAHAIOT Ha 3p(eKTHBHOCTD
npouecca.

B HacToAllee BpeMA aBTOpaMH paspa-
6oTaHo pAd  TEXHONOTHA W anmnapaTypHo-
TEXHOIOTHYECKHX CXeM OYHCTKH NPOMbIBHBIX
H CTOYHBIX BOJ, pereHepaurn oTpaboTaHHbIX
TeXHONOrNYEeCKNX PACTBOPOB M 3(1EKTPONUTOB,
OPHIMHAMIbHBIE KOHCTPYKUMHM  annapaToB, a
NMeHHO: 3neKkTpodyioTatop M 3aeKTpodio-
TaTop C 2M1EKTPOKOpPpeKTOpoM pH, Hanpas-
(leHHble Ha BO3Bpar BOAbl W  YTHH3ALHIO
UEeHHbIX KOMITOHEHTOB, 4TO BbIPaKaeTcA B
NpakTHYeCKOM NpHMEHeHHn Tpex Moaynen
OYHCTKM CTOMHBIX BOf,.

OcHoBy  6e3peareHTHOTO  3(1€KTPOXHMH-
yeckoro moayna (BOM ) cocraBadAeT iek-
TpodaoTaTop € 2AeKTPOKOPpeKTopoM  pH.
Annapar skawo4daer 010K 31eKTPOKOppeKTopa,
COCTOALIMA H3 [ABYX KaMep, pa3aeneHHbIX
MeMOpaHOlt H KaMepbl 3(1eKTPOdIOTaLUNOHHON
OYHCTKH BOabl. KOHCTPyKUHMA annapara 3ana-
TeHTOBaHa, B KavecTBe HepacTBOPHMbIX aHO-
A0B HCIIONb30BAN THTAHOBBIK aHOA C TMOKPbI-
THEeM Ha OCHOBE OKCHAOB pyTeHna W Kobanb-
Ta., B KavyecrBe Karoga HCMoOab30Banach
HepKaBewas cTaib.

2neKTpokoppeKkTop pH BbINOdHAET 4 dyH-
KUHH: AoBegeHne pH Katoauta W aHoaHnTa 4o
HeoOXOANMLIX BEeIHYHH; Tra3oHacbllleHNe pa-
cTtBOpa, HeoOXoAMMOe AdA  OCYLIeCTBIeHHA
(NOTaUNMOHHOTO Npouecca, 4acTv4Hoe obec-
COIMBaHNe KaToanTa BCAEACTBHE MHIPaLUH
aHHOHOB B aHoAHYl0 Kamepy W oOpa3zoBatHe
TMAPOKCHAOB TAXenbix Metanaos, Hanbonee
BaXHOH  ¢YHKLHMEeHn ABIAETCA  M3MEHeHHe
KHUCAOTHOCTH obpabatbiBaeMoro pacrsopa B
KaTtoAHOH Kamepe.

Ycranoeka paboTaer B HelpepblBHOM pe-
XHMe MW ofecrevynBaeT H3BAeYEeHHE HOHOB
MeTannoB B BHAE I'MApoKcHaa, obecconnBahne
BOAbl, AoBedeHne pH o onTHMaNbHBIX
3Ha4YeHHA, TMOayyeHHe aHoanTa aAdA hepepa-
60TKH ranpBaHolilaMa H BO3Bpara O4HIlIeH-
HOM BOAbl HAa TIOBTOPHOE HCIOMb3OBAHHE B

pyrophosphate, tartrate,
were established.

The important role of interphase
phenomena at flotoconcentrate/electrolyte
solution interface in electroflotation process
is discovered. It is found that surface charge
of dispersed phase is formed by ions of the
precipitator and metal cation present. Many
cations during adsorption on hydroxides,
change surface charge and influence process
effectiveness,

ammonium, EDTA)

At present, series of technologies and unit
- process flow diagrams for rinse and waste
water treatment, spent process solutions and
electrolytes recovery, original units design are
being developed by the authors. These units
include electroflotator and electroflotator with
pH electrocorrector directed towards water
return and utilization of valuable components.
This is expressed in the practical application
of three modules for waste waters treatment.

The basis of non-reagent electrochemical
module (NEM) is the electroflotator with pH
electrocorrector. The unit consist of block of
electrocorrector made up of two chambers,
separated by membrane and a chamber for
electroflotation water treatment, The unit's
design has been patented. Titanium anode
coated with ruthenium and cobalt oxides was
used as insoluble anodes. Stailess steel was
used as cathode,

The pH electrocorrector performs 4
functions: pH correction of the catholyte and
anolyte to required value; gas saturation of
the solution, necessary desalination due to
anions migration into anode chamber and
formation of heavy metals hydroxides. The
most - important function is the acidity
changes of the solution being treated in the
cathode chamber,

The unit operates on continous base and
ensures removal of metal ions in form of
hydroxide, water desalination, pH correction
to the optimum values, obtaining anolyte for
electroplating sludge processing and treated
water return to process line for reuse. The
module is used in removing heavy non-
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TeXHONOTHYEeCKHA UHKa. Modyab NpHMeHnM
A0 OYHCTKH OT HOHOB THAXE(bIX WUBETHbIX
meranaosB (Cu, Ni, Zn, Cd, Cr, Fe, Al, Sn u
Ap.) MPOMBIBHBbIX BOA OTAENbHBIX TEXHOOrH-
YeCKHX (IMHHH HAH Tpyrbl (aHHHA, HUCNO(b3Y-
eMbIX (A HaHeCeHHA MOKpbITHA. [onycKaeTca
ncrnoab3oBaHne Moayaa H gaa  o6paboTku
CTOKOB CMeLlaHHOrO CoCTaBa B ralbBaHOTeX-
HHKe M MPOHN3BOACTBE MedyarHbix naar B Ttab-
anue 1. TpHBedeHbl HEKOTOPble MOKazareaH
OYHCTKH CTOYHBIX BO4 B 3(1€KTPOKOOPEKTOpe
pH.

ferrous metals (Cu, Ni, Zn, Cd, Cr, Fe, Al, Sn
et.c.). ions from rinse waters of individual
process lines or group of lines, used for
electroplatings. The module is used for
treating effluents of mixed content in
electroplating and PCB production. Some
parameters of waste waters treatment in the
pH electrocorrector are given in table 1.

TAB/IMUA 1. OcHOBHble MNOKa3aTe(ln 2IEKTPOXHMHYECKOH OYHMCTKH [POMbIBHBIX BOA OT

HOHOB MeTaaloB B (IeKTpOKoppeKTope pH.

Cu Mi Zn Cr Fe
HcxonHasa KOHUeHTpauuA, Mr/a 50-100 50-100 50-100 25-75 10-50
CreneHb H3Bae4YeHua, % 98-09 9899 9899 9399 99-00

OcrarovyHaa KOHUEHTpaLHA, Mr/a

0,516 0,515 0,415 0,350 0,105

1,545 1,848 2,6-50 0941 0,832

YaenbHble 3Hepro3atparbli, KBT.u/M°

TABLE 1. Basic parameters of electrochemical removal of metal ions from rinse waters in
pH Electrocorrector.

Cu Ni Zn Cr Fe
Initial concentration, mg/l 50-100 50-100 50-1000 25-75 10-50
Removal efficiency, % 98-99  98-99 98-99 93-99 99-99
Residual concentration, mg/l 0,5-1,6 0,5-1,5 04-1,5 0,3-5,0 0,1-0,5
Specific energy consumption, kW.hr/m> 1,545 1,8-48 26-5,0 0,9-4,1 0,8-3.2
Hcrnoab3oBanne aaektpodyioraropa C 3aek- Using the electroflotator with  pH

Tpokoppekropom pH no3soaser H3Baekarb
95-99% B3BelleHHbIX YacTHL H OpraHH4YecKHX
3arpA3HUTENer TNPH NPOAOCIKHTENBHOCTH 06-
paboTkH oKoao 10 mMuHYT. B TO e BpeMs
OCTATOMHOAA KOHLUEHTpauuA COeaWHEeHHN Me-
Tanaa cocraager 0,5-5 mr/a, 4to 0ObACHACTCA
HEAOCTATOYHO HH3KOH pPacTBOPHMOCTBIO TI'HA-
pokcHaoB. [loatoMy aaa Goaee HHM3KOHM CTe-
neHn odvHCTKH (0,05-0,01 mr/a) poay npeaaa-
raercs OYHUIaTh Ha modyae rayboKoH ou4H-
crkl  (MIO), paspaboraHHbiM Hamu., Pabora
MOAYAH OCHOB@aHa Ha adre3vn 4YacTHy 3a-
rpA3HeHHA BbICOKOANCIIEPCHBIMH [Ty3blpbKaMH
3ICKTPONNTHYRCKMX Ta3oB, 0OOpa3ylomnXCa
NpH 30eKTponn3e Boabl, [laoTHocTe o6pa3sy-
IOIWHXCA GIOTOKOMNIEKCOB - 3HAYHTENLHO
MeHbllie MIOTHOCTH pacTBopa, MO3TOMY OHH
BCNABIBAIOT B BePXHIOK YacTh annapara, o6-
paszyA YCTOHYMBbLIA NeHHbIA caon. JaA obpa-
30BaHHA COeAMHEHHH C HHU3KOH CTeneHbio
pacTBOPHMMOCTH B Q4HILAEMbIA CTOK aobapna-

electrocorrector makes possible to remove
95-99% of dispersed particles and organic
pollutants at treatment time of about 10
minutes. At the same time the residual
concentration of metal compounds is 0.5-5
mg/l, which is explained by insufficient low

hydroxides solubility. That is why for
removing metal down to a lower
concentration  (0.05-0.01 mg/l), it is
suggested to treat water in Module for

Tertiary Treatment (MTT) developed by us.
The module operates on the basis of
adhesion of pollutants particles to highly
dispersed bubbles of electrolytic . gases
formed during electrolysis of water. The
density of the flotocomplexes formed is
considerably lower than that of the solution,
that is why they float up to the upper part of
the unit to form stable layer. Reagent
containing phosphate ions is added for the
formation of compounds with low solubility
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eTCA peareHT, codepxallvin docdar-HoHbl,
Mpy 3TOM TIponcxoAuT obpazoBanne Oodaee
TpyaHopacTBopHMoro ¢ocgara meranaa, 4em
ruapokcua. B Tabavue 2 npeacTaBaeHbl Xa-
pakTepuCTHKH mMoaynAa MIo

product in the effluent being treated. As a
result of this, metal phosphate less soluble
than its hydroxide is formed. Characteristics
of MTT are presented in table 2.

TABHLUA 2. TexHHW4yecKad XapaKkTepHCTHKa modynsa MI'O

[TpOH3BOANTEIBHOCTD 10 MO/
3aTparbl 30eKTPOIHEPrHH 1-2 KBT.4/M°
Hcxoadaa KoHueuwtpauus HTM 1-20 mr/n
OcraroyHasd KoHueHTpauna HTM 0,05-0,01 mr/a
Pacxoq peareHtoB 1-5 r/m°
TpeOyemas NPOHU3BOACTBEHHAA MAOLLAAbL 10-15 m<
TABLE 2. Technical characteristics of MTT.

Capacity 10 m3/hr
Energy consumption 1-2 kW.hr/mg_
Initial HM!I concentration 1-20 mg/1
Residual HMI concentration 0,05-0,01 mg/l
Reagents consumption 1-5 g/m3
Required production areas 10-15 m2

Hcnons3oBaHHe HepPacTBOPHMbIX aHOAOB H3
THTAHA C OKCHAHBIM AENACCHBHUPYIOWHNM TOK-
pbiTHeM obecnieyrBaeT BbICOKOE KavecTBO
OMMCTKH M He NpHBOANWT K BTOPHYHOMY 3a-
rpA3HeHH® BOAbl. Moayab rayboKoR OUYMCTKH
CTOYHbIX BOA  ydocToeH 3oaoron 1
CepabpadHon meagansamu BBL (BAHX ).

[na obe3BpexHBaHHA CTOYHBLIX BO, CO-
fAepxawmx Cr(Vl), paspabortaHa TeXHOOOTHA,
BKAIOYAIOWadA ABa Nodxoda: BOCCTaHOBAeHHe
Cr(Vl) ao Cr(lll) ¢ nocnegytluuM oTaeNeHHeM
Cr(OH)z anekTpodaoTauner, a TakmKe H3Bae-
yeHne Cr(VI) 6e3 BOCCTAHOBNEHNA B CMeCAX C
APYIMMH KaTHOHAMH,

MoaoxureabHaa paspaboTka TexHOAOTH-
YeCKHUX pelUeHHH, CBA3aHHbIX C yYMeHbLUEHHEeM
coaepxanna Ni, Zn, Cr, Cu, Ca, Fe, Mg, a
TaKkXe KHPOB, Macen I03BOAHIa HCIOb30-
Barb MI'O Ha CTaaMH TNOATOTOBKH BOAbl (/1A
ee obecconMBaHHA C Llenblo BO3Bpara B Tex-
HOTOTMYECKNH LKA, OAHMM W3 NepCreKkTHB-
HbIX MeTOAOB 00eCCOMMBAHMA ABAAETCA 3(1eK-
Tpoananus. [nAa npakTHYeCKON peanH3auuy
6bl1 poBeaeH pAd N1abOPaTOPHBIX M OMBITHO-
NMPOMBILIEHHbIX HCOBbITAHNA MO 3eKTpogHa-
(IM3HOMY  00eCCONMBAHHIO  NPOMbILL/IEHHbIX

The use of insoluble titanium anodes with
oxide depassivation coatings ensures high
treatment quality and does not cause
secondary water contamination.

The module for tertiary waste waters
treatment was awarded the Gold and Silver
Medals of the All-Russian Exhibition Centre
(former VDNH).

For the detoxification of waste waters
containing Cr(Vl), technology proposing two
approaches was developed. These approaches
include reduction of Cr(Vl) to Cr(lll) with
eventual separation of Cr(OH)3 by
electroflotation and Cr(Vl) removal without
reduction in combination with other cations.

Positive development of process solutions,
which are concerned with reduction of Ni,
Zn, Cr, Cu, Ca, Fe, Mg contents, as well as
greases, oils made it possible to use MTT at
water preparation plant for its desalination
with the aim of returning it to process line.
One of the prospective methods of
desalination is electrodialysis. For its practical
realization, series of laboratory and pilot-scale
tests on electrodialysis desalination of
industrial waste water were conducted. These
made it possible to assess possibility of using
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CTOUYHBIX BO[, KOTOpbIE TMO3BOAMIH OUEHHTH
BO3MOKHOCTH IpHMeHeHna MI'O Ha craauH
MOAroTOBKH BOAbl H  3eKTpodHannia /A4
OolnpecHeHHA  radbBaHOCTOKOB,  BbIABIEHHA
ONITHMAaNbLHOIO pekHMa ero npoBedeHHs.

JKclepUMeHTaIbHbIE HCCIE40BAHHAA T03BO-
anan  paspaboraTb  ONbITHO-MPOMbILL/IEHHBIA
oOpazel] 2MeKTPOAHAIN3aTOpa HOBOM  KOH-
CTPYKUHM, MPOH3BOAHTENbHOCTBIO A0 1,5
M~/4ac, KOTOpbIA CTad OCHOBOH Mogynsa 3(ek-
Tpoanannstoro obeccoanBalua (MJO). Iocae
aneKkTpoadannaHoro obeccoanBaHHAa ofllee
conecoaepXaine B 4ualoare ro cpasHeHHIO C
HCXO/HbIM PaCTBOPOM CHHXKAaeTCA B CpedHeM
B 6 pa3, a KOHLeHTpara YBeqHJUHBaeTcA B
cpeaHeM B 25 pa3. O6'em obecconeHHoH Bo-
Abl cocrapafAer 97%, KoHueHTpara - 3%.
3HavyeHne pH HMCXoAHOrO pacTBopa MOXKer
ObITb CHHXKEHO B AnMoare Ha 3-4 eauHHBI.
ConecogepaHHe obeccomeHHOn BoOdbl  CO-
craBifeT 50 Mr/a ¥ ee MOMKHO HCMNOMbL3OBATH
B ralbBaHH4YECKOM TIPOM3BOACTBE MPH [IpoO-
MbiBKe [eTa/llefl H MPHIOTOB(eHHH paCcTBOPOB
H 2(1eKTPOHUTOB.

[IpegnoxeHo ABa OCHOBHBIX HarpableHHA
HCMOAbL30BAaHNA  (IOTOKOHLEHTPAaTOB Ha OC-
HOBE HHAMBHAyadbHbIX TIHADOKCHMAOB MeaH,
HUKenA, UMHKA, KaAMHA, MOMyYeHHbIX NpH
00paboTke Ha Moayne BOM. lleproe Hanpab-
(IeHHe CBA3aHO C HCMOAb30BaHHEM THAPOKCH-
A0B B KayecTBe CEpPHOKHCALIX H XAOPHCTbIX
COMeR 3a CYeT HMX pacTBOPeHHA B KHC/IOTax,
0o6pasyloilnXCA B AHOAHON KaMmepe 2(1eKTpo-
KoppekTopa. BTopoe anpaBfieHHe CBA3aHO C
nepepaboTKON Ha KOMnakTHbI Mmetana. [po-
Lecc CBOAMTCA K PacTBOPEHHIO TMAPOKCHIOB
B Hp804 H daekTpoakcTpakunH Cu, Ni, Zn,
Cd Ha Katoge B 3M1€KTPOH3epe C HepacTBO-
PHMbIM aHOAOM MpPH OITHMaAIbHOA KOHLEH-
Tpaunn Me 2+ n kncaoortHoctH cpedpl. Kop-
pPeKTHpOBKa pacTBOpa OCYILUECTBARETCA (10
TOKOHLIEHTpaToM B BHae Me(OH)r.

daotolinaM, H3BIeKaeMblH B 1ipoLecce
3NEKTPOPAOTAUHOHHOR OYHCTKH CTOMHBIX BOM
Ha Moayae MI'O, codepKHT CMeChb He MeHee
NATH KOMIIOHEHTOB THAPOKCHAOB, ¢ocdaros
H KapbonatoB MetamioB Cu, Ni, Zn, Cr, Al,
Ca, Mg. B oTIH4YHH OT OcadkoB, 0Opa3syeMbix
B TCTOHHHKax, OTOKOHLEHTpaT 3Ha4yH-
TelbHO MeHee BaaXKHbIH, BOaXKHOCTb 92-95%
(B oTcTOHHHKax 98-99%). Ero ¢uabTpyeMoCTh
B 4-5 pa3s Bblule, 4YeM 0CagKkoB H COCTaBIAET
4,6-4,8 wr/MO.u. O6'em ocagka ao 0.05%,
TOrda Kak MpH peareHTHOM oﬁpaﬁo’q(e - 10

MTT at the water preparation plant and
electrodialysis for desalinating electroplating
effluents  knowing optimum  operation
condition.

Experimental investigation conduited made
it possible to develop industrial pilot-scale
model of newly designed electrodializyr with
a capacity of up to 1.5 m3/hr, which has
become a basis for Module of Electrodialysis
Desalination (MED), After electrodialysis
desalination, total salt content in the diluate
as compared to the initial solution is reduced
by 6 times, while concentrates rises by 25
times. Volume of desalinated water was 97%,
while concentrate - 3%. pH value of the
initial solution may be reduced in diluate by
3-4 units. The salt content of the desalinated
water is 50 mg/l and it can be used in
electroplating production in workpiece swill
and, solutions and electrolytes preparation.

Two main areas of applying
flotoconcentrates based on individual copper,
nickel, zinc, cadmium, obtained from

treatment in the NEM are suggested.

The first area deals with the use of
hydroxides as sulfate and chloride salts by
dissolving them in acids, formed in the
anode chamber of the pH -electrocorrector.
The second is connected with processing to
obtain compact metal. The process proceeds
by dissolving the hydroxides in Hp504 and
electroextraction of Cu, Ni, Zn, Cd on the
cathode in electrolyzer with insoluble anode
at optimum Me2* concentration and acidity
of the medium. Solution adjustment is done
using Me(OH), flotoconcentrate

Flotosludge Dbeing removed in the
electroflotation process for waste water
treatment in the MTT contains mixture not
less than five components of Cu, Ni, Zn, Cr,
Al, Ca, Mg hydroxides, phosphates and
carbonates. Precipitates obtained in sttling
tanks differ from the flotoconcentrate in that
ithas less humidity (92-95%) than precipitates
in the settling tanks (humidity 98-99%). Its
flotability is 4-5 times higher than precipitates
and is 4.6-4.8 kg/md.hr. The precipitate
volume is up to 0.05%, of reagent treatment
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obbema

10% ot OYMLI@eMbIX  CTOKOB.
O6nacTb HCMOMb30BAaHHA TakKHX OCAAKOB -
KepaMHKa, raasypb, [HIMEHTbl, CTPO¥Ma-
TepHaribl.

ABTOpaMH pa3paboTaHbl Takxke: TEeXHOo-
rHA 201eKTpPOdIOTAUHOHHOA OYHCTKH CTOYHBIX
BOA TanbBaHU4eCKHX MMPOW3BOACTB OT KHPOB,
macea, [NAB W peretHepauvy pacTBOPOB lie-
AoYyHoro oGe3KMpyBaHnA. [pH 3TOM CTeneHb
M3BeYeHnsA [ANCIEepCHbIX OPraHN4ecknx . 3a-
rps3HUTEnen cocrapaaer 90- 95%, a 3arparbl
aneKTpo3Heprun ao 0,2 KBT. ‘-l/M :

-TeXHOMorna 00e3BpeXHBaHNA MPOMBIBHbIX
BOA H KOHUEHTPHPOBaHHbLIX pacTBOPOB MpoO-
ABOEHHA M CHATMA  ¢oTOope3ncra ¢
BosBparoM NaOH # Boabl. YCTaHOBKa
NO3RONAET W3BAEKATh [AWCNEPCHYK 4acTb
doropesncta (ncxoaHoe XIMK go 3000 mr
Op/n, pH=10-11) nocne ob6paboTkn B
31eKTPoPAOTATOPE C  H1EKTPOKOPPEKTOPOM
pH npn pH=3-4 g0 ocTaroyHbiX 3HAYEHHH
100-200 Mr Op/n.
-TeXHOAOMMA OYMCTKH CTOYHBIX BOA OT HO-
HoB A3+ u AlO™ H pereHepaunH pacTBOPOB.
Wen1o4YHOro TPaBaeHnAa allOMHHHA C BO3Bpa-
tom NaOH wn  u3Baeyennem  Al(OH)3.
TexHonorna obecneynBaer  H3B(e4YeHHe
amoMHHHA Ha 98-99%, sosspar NaOH - 90-
95%, pacxod 2aeKkTpoaHeprun 30-35 KBT 4
Ha 1 Kr NaOH.

PaspabortaHHbie  TeXHHYeckHe  peuleHHA
WCMONb30BaHbl B BHAE TEXHOMOrMYECKON ua-
CTM TNpPOEKTOB TMPpH BbINOAHEHNH MNPOEKTOB
CTAHUHMA OYHCTKH ranbBaHNYeCKMX LEXOB Ta-
KHMH NpOeKTHbIMH MHCTHTYTaMH Kak
MITIH,I'CIH-8, CanTexHHHIpoekTt, Cyailpom-
Mpoekt, HnpomMMmaw, TunpocTaHok, [nnpo-
HUH3nektpo v ap. B neproa ¢ 1988 no
1993 roa TEXHONOrHH, TeXHNYEeCKad [AOKY-
MeHTaunMsa M YCTAHOBKH TMepedaHnl 62 TMpo-
MBILIEHHBIM TIPEANpPHATHAM. JdekTpodaoTa-
UNOHHBbIE YCTAHOBKH CAaHbl B IKCIyaTaumio
Ha 11 3aBogdax.

OpraHn3oBaH BbiMyck o6opyaoBaHna Ha
3aBoge B PXTY (c 1989 roga), B HHH
‘UMnyabe” (¢ 1990 roaa).

A01eKTpodIOTaUMOHHBIH MOAYAb H TEXHO-
NOTHA OYHCTKH [POMBIBHbIX BOA H pere-He-
pauuy Weno4vHbIX PacTBOPOB, CodepKaulnx
¢oTOpE3NCT  MPOU3BOAMTE/IBHOCTbIO A0 S
MJ/4 noctaBleHbl MO KOHTPAaKTy (HpMe
Coind (HTanua).

So

-up to 10% from the volume effluents being
treated. Area of using such precipitates
include ceramics, glazes, pigments, building
materials.

The technology of electroflotation removal

of greases, oils, surfactants from waste
waters of electroplating production and
technology of recovery of degreasing

solutions were also developed by the authors.

Heve, dispersed organic pollutants removal
efficiency is  90-95%, while energy
‘consumption is up to 0.2 kW.hr/m3;
-technology of detoxification of waste waters
and concentrated developer and etching
solution of photoresist with NaOH and water
return. The unit makes it possible to
remove dispersed part of photoresnst {initiat
COD up to 3000 mgOq/i, -pH=10-11) after
treatment in the electroflotator with pH
electrocorrector at pH = 34 down to
rasidual values of 100-200 mgOo/I;
technology of removing Al°* and AlOgp"
ions from waste waters and alkaline
aluminium etching solutions recovery with
NaOH return and Al(OH)3 removal. The
technology ensures 98-99% aluminium
removal, 90-95% NaOH return, energy
consumption - 30-35 kW.hr/kg of NaOH.

The developed technical solutions are
used as a technological part of projects when
executing projects at treatment plant of
electroplating shops by such project institutes

like "MGAI', 'GSPI-8, "SanTechNIIProekt’,
"SudPromProekt’, ‘lprommash®, ‘"Giprostanok®,
‘GiproNlIElecro" et.c. Between the period of
1988-1993, technologies, technical

documentation and units were sold to 62

industrial enterprises The electroflotation
units were transfered to 11 plants for
operation.

The units are being manufactured at
MUCKhT plant (since 1989) and in ‘'Impuls’
Research Institute (since 1990).

The electroflotation module and technology
for treating waste waters and recovery of
alkaline solutions contammg photoresist with
a capacity of up to 5 md /hr were sold by
contract to Coind Company (ltaly).
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OXPAHA H HCIIO{b30OBAHHE
BOAHbBIX PECYPCOB B YT'OIbHOH TMPOMbI-
IHAEHHOCTH POCCHH
]

Kpacasurn AIl, 4.T.H.,
y1.-kopp. ATH PP
XaprorosckHd A.A., K.T.H.,
CoBetHHK AT P
loasrreB A 4., K.T.H.,
Aouenr

BaHbroBcKar B.M., K.T.H.,
CoBeTHHK ATH Fod
HucraryT BHHHOCYroms.

TE3NCbl

[pon3BoacTBeHHAA AEATENbHOCTD YrOMbHbIX
npeAnpHATHA PoccrH caA3aHa ¢ notpebaernem
BOAbl M3 MPHPOAHbIX HCTOYHHKOB A0A TeXHH-
YeCKHX, MHTBEBbIX H XO3AHCTBEHHO-OLITOBBIX
uenen B Konudecrtse 1,7 Ky6.Mm Ha 1 T n06bI-
BaeMoro yrf, OoTKa4koA Ha AHEBHYIO MNoBep-
XHOCTb 3,3 M3/T 3arpA3HEHHbIX LIAXTHbIX,
KapbepHbiX H APeHAaXKHbIX BOA, OYHCTKOH H
cO6pocoM B BoaHbie 0OBEKTbI 3,8 M3/T CTOMHBIX
BOA. DTO Bbl3blBaeT HeraTHBHOE BO3AEHCTBHE
Ha COCTOAHHE BOLHBIX PecypcoB H MpOABAA-
eTcd B HapylUeHHH T'HAPOreoiorH4ecKkoro
peKnMa, HCTOILEHHH 3anacoB H 3arpA3HeHHee
No3eMHBIX BOA, 06e3BOKHBAHNH H 3aCOIEHHH
Nnous, CHHAKEHHH NPOAYKTHBHOCTH CelbCKOXO-
3AHCTBEHHbIX YroAHA Ha TPHAEralLIHX Tep-
puTOpMAX 3abonaymBaHHH MOAPabOTAHHBIX
Y4acTKOB MOBEPXHOCTH 3€MH, 3arpA3HeHHH
BOAHbIX OOBEKTOB NpH cOHpOCE HEOUHILEHHbIX
HAH HEAOCTATOYHO OYHIUEHHBIX CTOYHBIX BOA.

OCHOBHBIM "HaNnpaBle€HHEM pallHOHANbHOMO
HCNONb30BaHHA H OXpaHbl BOAHLIX PecypcoB
ABAAETCH OCYLIECTBIEHHE KOMINEKca TeXHu-
4YeCKHX MePOMPHATHA NO CHHAKEHHIO 0GbeMOB
ApeHamHbIX BOA, OTKAYHBaeMblX NpH rpeadsa-
PHTEBHOM OCYLUIEHHH, COKpalleHHI0 BOAOTIPH-
TOKOB B NOPHbI€ BbITAGOTKH ILIAXT H pa3pe3os,
CHHXKeHHIO CTeneHH MX 3arpA3HeHHHA, BOOXo-
3AHCTBEHHOH pPeKynbTHBALMH TeXHOMeHHHbIX
y4acTKoB, peryampoBaHHIO BOAHOIMO peXHMa
Ha OTPabOTAHHbIX TEPPUTOPHAX, PACILIHPEHHIO
npnMeHeHHA 0GOPOTHBIX H 3aMKHYTBIX CHCTEM
BoaocHabXKeHHA, 60nee LWHPOKOMY HCIIONb30Ba-
HHIO WAXTHBIX, KapbepHbIX H ApeHaKHbIX
BO/A ANA NPOH3BOACTBEHHbIX HYXK/ MNpeanpu-
ATHA yroabHOH H APYrHX OTpac/ier MpOMbIill-
1eHHOCTH, 3(P¢PEeKTHBHOH O4YHCTKE 3arpas-
HeHHbIX CTOYHBIX BOA Nepen cOpocoM B Boa-
Hble OODbEKTDI.
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ABSTRACTS

The production activity of coal enterprises
of Russia is connected with water consumption
from natural sources for technical, domestic
and potable needs in quantity - 1,7 m® per
1 t of produced coal, pumping out to the surface
of 3,3 m3/t of contaminated mine, quarry and
drainage waters, treatment and discharge to
water bodies of 3,8 m3/t of waste waters.
It provokes an adverse impact at the water
resourcesstate and is revealed in hydrogeo-
logical regime disturbance, depletion of re-
souces and underground water pollution, de-
watering and salinization of soils, reduction
of productivity of agricultural lands at the
adjacent territories, logging of underworked
areas of land surface, pollution of water bodies
under the discharge of crude and insufficiently
treated waste waters.

The main direction of water resource
conservation is the implementation of the
complex of technical measures on the decrea-
sing of volumes of drainage waters pumped
out under preliminary dewatering, reduction
of water inflows to mine and open cut wor-
Kings, lowering of their contamination level,
water economy recultivation of technogenic
areas, water regime regulation at worked-out
territories, increasing of the use of recirculated
and closed water supply systems, wider usage
of mine, quarry and drainage waters for
production needs of enterprises of coal and
other branches of the.industry, efficient treat-
ment of contaminated waste waters prior to their
discharge to water bodies.
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MeponpHaTHA 1o oXpaHe MOA3EMHbIX BOA
OT HMCTOLLEHHA W 3arpa3HeHnA BKAOYAloT IpH-
MeHeHHe TMONHOH HAH HacTHYHOH 3aKnadkH
BbIpaGoTaHHOro NPOCTPAHCTBA, pallHOHANBHBIX
CHCTEM MpeABapHTENbHONO OCYIIEeHH:A, MpOTH-
BO(HIbTPALIMOHHBIX 3aBecC, obpaTHOH 3aKa4KH
ApeHamHbIX, OYHILEHHbIX WAXTHBIX H Kapbep-
HbIX BOJ B BOAOHOCHBbIE TOPH3OHThI 4epes
HH$HALTPALHOHHBIE 6accelHbl HAH HarHera-
TeNbHblE CKBaKHHbI.

C ueablo yay4ileHHA KavyecTBa O4HCTKH
CTOYHBIX BOJ, MOBbIIIEHHA TE€XHHKO-OKOHOMM-
YyeCKHX MNoKasarened paboTbl BOAOOCYHCTHBIX
coopy#ennil urctutyrom «BHAMOCyrons» pas-
paboran H NpoBepeH B NMPOMbILAEHHBIX yC10-
BHAX pAA MpOrpecHBHbIX TEXHONOTHH, OCHO-
BAHHBbIX HA MCIOIb30BAHHH HOBBLIX OpraHH4e-
CKHX (AOKYAAHTOB, HOBbIX METOAOB OYHCTKH
H THNOB COOPYXEHHH H yCTPOHCTB. YCTAHOB-
(I€HO, YTO B 3aBHCHMOCTH OT Ka4e€CTBEHHOIo
cOCTaBa KHCAbIX M XKenesocogepAanyx maxr-
HbIX BO/J, BHaa HEHTPAOH3YIOLIErO peareHta H
TEXHOOTHMH OCBeTeHHA BOAbl, 0OpasyoIHHCA
B MpOLIECCEe OYMCTKH OCadoKk MoeT ObiTb
MCMONb30BaH AAA MNOAYy4eHHA TEPMOCTOHKOro
MEMe300KHCHOro MHWIMeHTa, KoaryadaHta, Co-
pbeHTa H pasnH4HbIX CTPOHTENbHBIX MarepHa-
aoB. [lo peKoMeHAAaLHAM- HHCTHTYTa Ha LUAaxTe
«OKpAGpbcKaA-I0xkHas» B PocTOBCKOH 0b6nacTH
CTPOHTCA MepBad B CrTpaHe [MpOMbIlInesHan
CTaHUMA AeMHHepanHsaund Mo MeMOpaHHOW
TEXHONOrHH, pa3pabOTaHHOH COBMECTHO € 3a-
nagHorepMaHcKkor dmpmon «I1poficcar.

Ha ocHOBe TmpoBedeHHbIX HCCI€A0BaHHA
uticruryroM «BHUHOCyroas: pazpaborana aBro-
MaTH3HpOBAaHHAA CHCTEMa yrnpaBAeHHA OYHCT-
HbIMH COOPYEHHAMH WIAXTHBIX BoA, obecneyn-
Balolllas MoBbilieHHE 3(PPeKTHBHOCTH OYHCTKH
3a cYeT ONTHMH3AUHH TEXHOMOIH4YECKHX TMpo-
LleccoB, NOBbILIEHHE KYIbTYPbl NMPOH3BOACTBA
H 3KOHOMHIO DKCINAyaTauHoOHHbIX 3aTpar.

Measures on the underground water con-
servation from depletion and pollution include
the utilization of a full or partial filling of worked-
out space, rational systems of preliminary
dewatering, antifiltration curtains, reverse
injection of drainage, purified mine and quarry
waters to water - bearing horizons through
infiltration basins or injection wells.

With a view to improve waste water treatment
quality and to increase technical-and-economic
indices of water treatment works operation
a row of progressive technologies, based on the
use of new organic flocculants, new methods
of treatment and types of facilities and
apparatus, has been developed by the institute
«VNIIOSugol» and tested in plant conditions. It
has been ascertained that depending on the
qualitative composition of acid and ironcontain-
ing mine waters, the kind of a neutralizing
reagent and water clarification technology, the
sludge being formed during the treatment
process can be used to produce a thermostable
ironxide pigment, coagulant, sorbent and var-
ious constructional materials. Upon the recom-
mendations of the institute at the mine
«Oktyabrskaya-Yuzhnaya» in Rostov region the
first in the country commercial demineralization
station on membrane technology, developed
together with the German firm «PROISSAG»
is being built.

On the basis of conducted studies it has
been developed by the institute «VNIIOSugol»
an automated system of mine water treatment
works control, providing for the increasing of
treatment efficiency at the cost of technological
process optimization, improvement of produc-
tion standards and economy of operating costs.

YroabHaA NpoOMbIUIIeHHOCT POCCHH HMeer
B CBOEM cocrase 350 npeAnpHATHA NO A0ObIYe
H nepepaboTke yrns M OTHOCHTCA K uHCHy
BOJOEMKHX OTpacilen HapoAHONo XO3AHCTBA.
Yaeasnoe norpebneHne BoAbl M3 BOAHBIX
HCTOYHHKOB Ha COBCTBEHHBbIE HYyKAbl, BKIOYaA
HCNoNb3yeMble Ha HyZKabl PON3BOACTBA 1LAXT-
Hble, KapbepHble H ApeHaXHble BOAbl, COCTAB-
aser 1,7 kyb.m Ha 1 T qo6bIBAEMOroO yras, n3
KOTOpOro 52% HCNoab3yeTcA B KOMMYHabHOM

The coal industry of Russia has in its
content 350 coal production and processing
enterprises and falls under the number of water-
retaining branches of the national economy.
Specific water consumption from water sources
for own needs, including being used for pro-
duction needs mine, quarry and drainage
waters, totals 1,7 m® per 1 t of produced coal,
of which 52% is used in municipal services,
32% - at mines, 6% - at open cuts, 10% -
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xo3AancTBe, 32% - Ha WaxTax,6% —~ Ha paspesax,
10% - Ha oboraTHTenbHbIX H APYTHX MPEANpPH-
ATHAX. YAeabHble NoKa3aTean pacxoaa Boabl Ha
€HHHLY NMPOAYKLHH COCTABAAIOT A(IA MOA3EM-
Ho¥ Ao6biun 0,61, Ana oTKpbiTOH A00bIMH 0,15,
ans nepepaborkn yraa 0,086 m3/r.

KpoMe TOro, OAHOBpEMEHHO C A0bbIued
yras Ha AHEBHYIO MOBEPXHOCTb OTKAYHBAETCH
3,3 Ky6.M. nogsemHbix Boga. [lornyrHo sabupa-
eMaa Boda HacTHYHO (10% ot obiero obbeMa)
HCMIONb3YETCA HA MMPOH3BOACTBEHHBIE HYMK/bI
NpeANpHATHA H B CENbCKOM Xo3AHCTBE, OCHOB-
Hoi 06beM ee cpachiBaeTcs B BoAHble 00beK-
Thl MOCAE TMpeABAPHTENbHOH O4YHCTKH, a B
oTAenbHBIX CayYasx — 6e3 OYMCTKH.

OKHaaeTcs, 4To NnokasarenH yaeabHoro Bo-
aonorpebneHHa H BOAOOTBEeAeHHA B Onuman-
wem GyaylwieM CyIECTBEHHO He H3MEHATCA.
Hekoropoe HX CHHKEHHEe BO3MOMHO 3a Cuer
yBeH4eHHA [A0AH A0OBIMH YraA OTKpBITbIM
Cnoco6oM, XapaKTepH3yIOLMMCA MEeHbILIHMH Be-
AH4YHHAMH pacxoga H cbpoca Boabl B pacyeTe
Ha 1 T A06biBaeMOro yrasa Mo CpPaBHEHHIO C
NnoA3eMHbIM CrIocoBoM.

B cooTBeTcTBHH CO CAOKHUBIUEHCA crielngH-
KOH MPOHM3BOACTBA OCHOBHLIMH HanpaBieHH:A-
MH PauHOHABHOIO HCMONL3OBAHHA H OXapHbl
BOAHBIX PeCypCcoB B YroAbHOH NMPOMBILIEHHO-
CTH IPHHATHI CaeAylollHe: CHHKEHHE NPHTOKOB
MOA3EMHBIX H MOBEPXHOCTHBIX BOA B NOPHbie
BbIpabOTKH IAXT H pa3pe3oB, paclllHpeHHe
NpHMeHeHHA OOOPOTHBIX H 3aMKHYTBIX CHCTEM
BOAOCHaBXKeHHA Ha npeAnpHATHAX, Bonee WH-
POKOe HCMONb30BAHHE LIAXTHBIX, KApbepHbIX
M ApeHaXHbIX BOA AAA COOCTBEHHBIX HYMKA
NpeAnpHATHH H NMOTPeOHOCTEH CMeZKHbIX OTpac-
(ieH NMPOMBILLNEHHOCTH, 3¢ ¢PeKTHBHAA OYHCTKA
CTOMHBIX BOA OT 3arpA3HEHHH H BpeAHbIX
npumeced A0 6e3onacHbIX YpoBHEH nepeq
cOpocOM HX B BOAHBIE OOBEKTDI.

B nepcnexrnBe mnotrpebHOCTp BOAbI Ha
NPOH3BOACTBEHHDIE HYXKAblI MOXKET MOMHOCTHIO
obecne4ynBaThCA 3a CHET MONYTHO AOObIBAEMON
BOAbLA AONA €€ HCMNOAb30BaHHA YBENHYHTCA
¢ 10 go 20%.

HapecTHO, 4TO ¢yHKLUHOHHPOBAHHE IIped:
NPHATHH YTONbHOH MPOMBILLIEHOCTH Bbi3bIBAET
HeH36eKHble H3MEHEHHA TMAPOreonornyecKHX
YCNOBHA B panOHAX OTKPbITOH H NOA3EMHOH
AOObIMH YA, YKasaHHbIE HAMEHEHHA NPOABA-
I0TCA B 3arpA3HEHNH NOA3ZEMHbIX BOA, HCTOLLe-
HHMH HX 3anacoB, 3aboaaynBaHHK noApaboTaH-

from 10 to 20%.

at concentration and other enterprises. Specific -
indices of water consumption per production
unit make up 0,61 m3/t for underground mining,
0,13 m3/t for open mining, 0,086 m3/t for coal
processing.

Besides, simultaneously with coal mining
3,5 m> of underground waters are pumped
out to the surface. Source water is in part (10%
of the total volume) used for production
needs of enterprises and in agriculture.

Its basic volume is discharged into water
bodies after the preliminary treatment and in
separate cases - without treatment. It is
expected that indices of specific water con-
sumption and water diversion in the nearest
future would not be essentially changed.
Their certain reduction is possible at the
cost of increasing of the share of coal open
mining, being characterized by smaller values
of water consumption and drainage in account
per 1t of produced coal in comparison with
underground mining.

In compliance with the formed specific
character of the production there have been
adopted the following basic trends of water
resources conservation in the coal industry:
reduction of underground and surface water
inflows to underground and open workings,
expansion of application of recirculated and
closed water systems at enterprises, wider
usage of mine, quarry and drainage water for -
own needs of enterprises and requirements
of adjacent branches of the industry, effective
waste water treatment from pollutants and
harmful impurities to safe levels prior to their
discharge to water bodies.

In prospect the water demand for produc-
tion needs can be completely provided at
the cost of incidentally-recovering water, and
share of its utilization will be increased

It is known that functioning of coal industry
enterprises causes inevitable changes of hydr-
ogeological conditions in regions of open
and underground coal mining,

The indicated changes are revealed in
underground water pollution, depletion of their
resources, water-logging of underworked terri-

805



HbIX TepPPHTOPHH, 06€3BOKHBAHHH H 3aCONEHHH
MOYB, YTO MPHHOCHT yillepb HApoAHOMY XO3AH-
CrBy M MpPHBOAMT K HeoOXxoAHMOCTH paspa-
60TKH M peannzaliMH cnelHanbHbIX 3allUTHBIX
MepPONpPHATHH.

YuHTbIBasA BaZKHOCTb 3TOH Npobnembl, Hayy-
HO-HCCAeA0BATENbCKHM HHCTHTYTOM OXpaHbl OK-
pyXaiollle#t cpeabl B YrolbHOW MPOMbILLIEHHO-
cru (BHHHOCyroab) nposeaeHbl KOMIiIEKCHbIE
HCCeq0BAaHHA pekrMa MoA3EMHBIX BOJ B 30HAX
rOpHbIX pa3paboToK, BKAIOUYAWHE Mpobeae-
HHe peXXHMHbIX HabniogeHHA 3a ypoBHeM H
XHMHYECKHM COCTABOM BOAbl,AHAMH3 HX Kave-
CTBEHHOINO COCTaBa, HCCEeAOBaHHA BOAHO-(H-
3HYeCKHX H XHMH4YECKHX CBOWCTB YyraeBMme-
IWALWHX nopoa.

OlleHKa Ka4eCcTBEHHOrO COCTaBa IoA3eMHBIX
BOA BbINO/HEHA NyTeM CpaBHEHHA (POHOBBIX
KOHUEHTpPaLUHH XHMHYECKHX 3(1eMEeHTOB A0
Hava/na oTpabOTKH MeCTOPOAKAEHHA H B NEPHOA,
ero 3Kkcnayaraury. B oTaenbHbIX cayyasx cpas-
HeHHe MpPOH3BEAEHO C AOMYCTHMBIMH KOHUEH-
TpauUHAMH, HopMHpyeMbiMH I'OCTom 2874-82
«Boga nUTbEBaA».

B pesynbrate npobeAeHHa NonesbIX, nabopa-
TOPHbIX H aHaNHTHYECKHX HCCneaoBaHHH ycra-
HOBI€Hbl OCHOBHBIE KPHTEPHH BAHAHHA LIAXT
H pa3pe30B HA NoA3eMHbIE BOAbI, ONpeaeneHbl
oTpHIATeNbHbIE MOCIEACTBHA 3TOI0 BAHAHHA
ANA HapoAHOI'O XO3AHCTBA, AAHA OLEHKA BbI3bl-
BAeMOro MMH yuiepba n paspaboratbl npeaao-
XKEHHA N0 COKPALUEHHIO BOAONPHTOKOB B
ropHbie BbIpabOTKH, BOAOXO3AHCTBEHHOH pe-
KYabTHBAUHH TEXHOMeHHbIX y4acTKOB, perynu-
poBaHHIO BOAHOTO pexHMa Ha ortpaboran-
HBIX TEPPHTOPHAX.

OTcyTCTBHE eAHHbIX HOPMATHBHBIX AOKYMEH-
TOB MO oOnpeaeneHvio ymwepba HapogHOMY
XO3AHCTBY OT HCTOWEHHA H 3arpA3HeHHA Noa-
3eMHbIX BO/ 3aTPYAHAET OUEHKY MaciutaboB
BO3AEHCTBHA Yra1eaoObiBalOWNX MpPeANpPHATHA
Ha NOA3EMHYI0 rHapocdepy H NpenATCTBYyeT
NMPHHATHIO 0OOCHOBAHHBIX JKOMNOTHYECKHX pe-
LIeHHH. deop,a H3 3TOrN0, OAHOH H3 IMABHbIX
3aga4 B o00macTH OXpaHbl MNMOA3EMHBIX BOA
ABAAeTcA paspaboTKa eanHOH HOPMATHBHO-
METOAHYECKOH ©Oaszbl, NO3BOAAIILEH OAHO-
3Ha41HO yCTAHaBNMBaTb /ONYCTHMYI0 Harpysky
Ha noa3zemHble BOAbl H OLIEHUBATh HETATHBHbIE
NocneACTBHA HapylleHHs THApOreooruye-
CKOro pesHMa AnA HAapOAHOro XO3ANCTBA.

tories, dewatering and salinization of soils,
that damages the national economy and leads
to the necessity of development and reali-
zation of special protective measures.

Taking into account the significance oh
this problem, the Institute for scientific re-
search and development on environmental
protection in coal industry (VNIIOSugol) has
conducted complex studies of the underground
water regime of the areas of mine workings,
including carrying out of regime observations
for the level and chemical composition of water,
analysis if its qualitative composition, research
into water-physical and chemical properties of
coal-meassure rocks,

The assessment of qualitative composition
of underground water has been done by
comparison of chemical elements background
concentrations prior to the beginning of the
deposit working -out and during its exploitation.
In separate cases a comparison has been
conducted with permissible concentrations of
ingredients, being standardized by GOST 2874-82
«Drinking Water»

As a result of carrying out of field, laboratory
and analitical studies there have been set the
main criteria of mine and opencast impact on
underground waters, determined the negative
consequences of the impact for the national
economy, given the evaluation of the damage
caused by them and developed proposals
for the reduction of water inflows to mine
workings, water management recultivation of
technogenic areas, regulation of water regime
at worked out territories. '

Deficiency of unified normative documents
on the determination of national economy
damage, caused by the exhaustion and pollu-
tion of underground waters makes difficult
the evaluation of impact scales of coal mining
enterprises to the underground hydrosphere
and prevents the acceptance of valid ecological
decisions. Hence, one of the main objects in
the sphere of underground water conservation
is the development of the unified normative-
methodic basis, permitting to determine uniquely
the permissible load on underground waters
and to evaluate negative consequences of the
hydrogeological regime disturbance for the
national economy.
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B c¢BA3H ¢ OTPAGOTKOH MNpPOMBIIL/IEHHBIX
3aMacoB B pAde YrofbHbIX perHoHOB BaHoOeE
3Ha4yeHHe npHoOperaer nmpobnema HM3MeHEHHA
rHApOT'e0NOTHYECKOro pesHMa fpH 3aKpbITHH
M MOKPOH (IHKBHAALMH (3ATOIIEHHH) LLUAXT.
Ha Haw B3raga, HeraTHBHbl€ MOCAEACTBHA
3aTOM(IeHHA LIAXT B OTHOLUEHHH 3arpA3HEHHA
noa3eMHbIX BO/]l HAMHOrO cepbe3Hee, YeM MNpH

. 9KCIyaraumy NpeanpHATHH.

IpH 3aronneHHH WaxT Habnlogaerca HHTeH-
CHBHaA UHMPKyAAUHA noAseMHbIX BoAa MO 3a-
TOMAEHHbIM INOpHbIM BbipaboTkam H aedopmn-
poBaHHbIM MOpPOJAM HadyroabHOH TOMILUH, B
peayabTaTe KOTOPOH HHTEHCHMHIUHPYIOTCA NMPO-
LieCChbl BbILLENIAa4YHBAHHA H NTPOMCXOANT 3arpas-
HeHHe NoA3eMHbIX Bod, OaHAKO MeXaHH3M 9THX
ABAEHHA H3Yy4eH HeAOCTATOYHO.

[lpobnema coxpaHeHHA 3anacoB MpecHbIX
BO/] MHTbEBOTO Ka4yecTBa H BOAOCHabGMeHHsA
B yrneaoObiBAIOLMX padoHax o6ycnoBaAHBaeT
HeoOXOAHMOCT TILATENBHONO H3YYeHHA Npo-
ueccoB (OpMHpPOBAHHA IMAPOreOOrHYECKOro
peRHMa Ha OTpabOTAaHHBIX H 3aTOMEeHHbIX
waxTax, 0cobeHHO B-[loAMOCKOBHOM H KH3€e10B-
CKOM YroabHbIX GaccefiHax. (A YCHeLHOro
pellieHHA 3ToH 3agayM TpeOyeTcA opraHH3auHa
CHCTEMATH4€CKOIN0 KOHTPONA 3a COCTOAHHEM
rMoA3eMHbIX BOA4 H 3a HX NpegenamH ¢ LEIblo
OrpaHH4YeHHA HEraTHBHONO BO3ACHCTBHA A0
Npeaenos, He BbI3bIBAIOLIMX HEOOPATHMbIX H3-
MEHEeHHH B NMPHPOAHOH cpege.

B pesynbrare MHOrofeTHHX HCCAEeAOBAHHH
nHcrutyrom «BHHHOCyroas: pasapaboraH KoMn-
1eKC MePOINPHATHH MO oXpaHe NoA3eMHbIX BOA
OT HCTOIUEHHA H 3arpA3HEeHHA, BKAIOYAIOUIHX
npHMeHenne NpoTHBOMHIbTPALHOHHbIX 3aBec
Ans orpam/aeHHA yronbHbIX pa3pe3oB OT MpPHTo-
KOB TMOA3eMHbIX H TIOBEPXHOCTHBIX BOA H
CO34aHHe HCKYCCTBEHHbIX THAPaBAHYeCKHX
BOAOPAa3Aenos IyTEM 3aKakH B APEeHHpPYeMbIH
BOACHOCHBIA NOPH3OHT NMOMYTHO H3BAEKAEMbIX
IaxXTHBIX (KapbepHbIX) BOA, A Takxe AaA
BOCIO/THEHHA 3aMacoB NoA3eMHbIX BOAOHOCHBIX
ropH30HTOB. [IpHMeHeHHe NepeyHCNeHHbIX Cro-
coboB HanbGonee MepcrnekTHBHO Ha paapesax
«bepesoBckniy, «BopoaHHCKHI H «HazapoBCcKHE»
(KpacHoApCKHA KpaW), «MyryHCKHi» H «THIHHH-
CKnA»  (BocroyHaa CHOHpb). OCylLECTBASHNE
3THX MePONPHATHH NO3BOAHT COXPAHHTb 3arachi
M Ka4eCTBO MOA3eMHbIX BO/, CO34ACT Haaronp-
ATHbIE YCIOBMA A CeNbCKOXO3AHCTBEHHOIO
HCNOAb3OBAHHA NMPHAErAOWHNX K MOPHbIM BbIpa-
6oTKaM 3eMelb, YBEAHYHT MOA3EMHBIA H PEHHOM
CTOK HAa HapyleHHbIX TEPPHTOPHAX.

In connection with the working -out of
industrial resources in some coal regions the
problem of hydrogeological regime change
under the shut-down and wet abandonment
(flooding) of mines acquries the main signifi- -
cance. To our mind negative consequences of
mine flooding, relative to the underground

‘water pollution, are more serious than under

the exploitation of enterprises.

Under mine flooding it is observed the
intensive circulation of underground waters
along the flooded mine workings and deformed
rocks of the overcoal mass, in result of which
leaching processes are intensified and under-
ground water pollution occurs. However the
mechanism of these phenomena has been
studied insufficiently.

The problem of conservation of drinking
quality fresh water resources and water
supply in coal mining regions conditions the
necessity of careful studying of hydrogeolo-
gical regime formation process at worked out
and flooded mines, especially in Submoscow
and Kizel coal basins. For successful solution
of the problem there is a necessity in the
organization of systematic control for the
underground water state at the territory of
mine (quarry) fields and beyond their bound-
aries with the aim of adverse impact restriction
up to the limits, not causing unreversible
changes in the natural environment.

Due to the long-term research the institute
«VNIIOSugolh has developed a complex of
measures for underground water conservation
from exhaustion and contamination, including
the use of antifiltration curtains for enclosure
of coal open cuts of underground and surface
water inflow and formation of artificial hydraulic
watersheds by pumping in of incidentally-
extracted mine (quarry) waters into the drainage
water-bearing horizon and also replenishment
of underground water-bearing horizons. Utiliza-
tion of the said means is the more so per-
spective at the open cuts «Beryozovsky»,
«Borodinsky» and «Nazarovsky» (Krasnoyarsk
region), «Mugunsky» and «Tigninsky» (Eastern
Siberia). Realization of these measures will
allow to conserve the resources and quality of
underground waters, form favourable conditi-
tons for an agricultural usage of lands, adjoining
mine workings, increase the underdround and
river drainage at distrurbed territories.
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HcenenoraHHEMH YCTAHOBIEHO, YTO OCHOB-
HbIMH 3ArpA3HAIOIIHMH HHMPHAHEHTAMH axXT-
HbIX H KapbepHbIX BO/ ABIAIOTCA B3BelleHHbIe
BellecTBa, HedTenpoAyKThl, MHHEPANbHbIE CONH,
CONH Kefe3a H AMOMHHHA, PA3H4YHOI'O poaa
6akrepnH. [i1A yaaneHHA TeXHOMeHHbIX 3arpa3-
HEHMA NPHMEHAIOTCH MexaHH4eCKHe Cnocobbl
(orcranBeHHe, PHABTPOBAHHE) H (PHIHKO-XHUMH-
yeckHe crocobbl (06paboTka KoarynsaHTamn H
¢pAOKYNAHTAMH, HEHTPaNH3YIOWHMH H X(IOpCO-
AepKALMMH peareHTaMH C MocCaeayioliHM oT-
CTanBaHHeM, OCBETIEHHeM B C10€ B3BEILIEHHOro
ocadka u (HIbTpPOBaHHeM, cOpOuMA H Ap.).
[IpnMeHAeMble (PH3HKO-XHMHYECKHE MeToabl,
COOpYXeHHSA arnaparthi N03BOARIOT AOCTATOUYHO
3¢ PEeKTHBHO OYHILATD HeHTpabHbie H KHCbIe
IaxTHble BOAblI OT B3BELIEHHbLIX ' BellecTB,
HegTeNnpoAyKTOB H GaKTepHAIbHbIX 3arpsazHe-
HHII M obecneurBaior HX cbpoc B BOAHbBIE
o0beKThbI ¢ coboaeHHeM YCTaHOBAGHHbIX 9KO-
[IOTHYEeCKHX HOPMaTHBOB, MexaHH4YeCKHe MeTo-
Abl OYHCTKH HMeloT, Kak npasuao, Goaee
HH3KY1I0 2¢pPeKTHBHOCTb, a Ka4ecTBo OYHILeH-
HBIX WAXTHBIX H KapbepHbIX BOA B HEKOTOPbIX
cnyvyaaX He COOTBETCTBYeT AEHCTBYIOUIHM HOP-
maM. B HacToAllee BpeMa pazpaboraHbi, HCMbl-
TaHbl H MOY4YHIH MPOMbIILIEHHOE pacnpocTpa-
HeHHe COBpeMeHHbl€ THMbl COOpPYAKEHHH H
YCTPOHCTB: TOHKOCMOHHBIE OTCTOMHHKH H OC-
BETANTENN CO B3BelleHHbIM CoeM ocagKka
A01A OYHCTKH BOAbl, (HABTPLI-CIYCTHTEAH H
¢duabTp-pecchl AaA o6pabOTKH ocafKa, a
TaK»Ke HOBble opraHHYecKne PaoKyaaHThbl A0
HMHTeHCH(}HKAUNH MPOLECCOB BOAOOYHCTKH.

Hapaagy c arum, HHCTHTYTOM «BHHHOCyroan
paspaboTaH pAg HOBLIX TEXHOMNOrHA H TeXHH-
YeCKHX CPeacTB AiA MyOGOKOH OMHCTKH IaxT-
HbIX H KapbepHblX BOA OT B3BellleHHbIX Be-
lecTB, HedTENpoAyKTOB, CONEH Kene3a H anio-
MHHHA, OGaKTepHanbHbIX 3arpA3HeHHH. K HHM
OTHOCATCAH:

- TE€XHOOI'MA OYHCTKH C HCMONb30BAHHEM
HCKYCCTBEHHbIX DHIbTPYIOUWKX MaccHBoB (HDM);

- TeXHONOTHA OGHONOTHYECKOR OYHCTKH
WAaxXTHBIX BOA HA OCHOBE TNPOMbILAEHHOIO
KYAbTHBHPOBaHUA MaKpOGHTOB;

= TeXHON0rua O,LlHOCTyl'leH"laTOﬁ OYHCTKH C
HCNONb30BAHHEM Q)HﬂbTPOB C BOCXOAALIHM
MOTOKOM;

- 6630TXO,£lHaﬂ TE€XHOIOMHA OYHCTKH KHCbIX
H RenesocoaepallHX 1aXTHbIX BOA,

TeXHONOrnA OYHCTKH € HCNONb3OBAHHEM
H®M ocHoBaHa Ha (pHABTPOBAHHH BOABI Yepes
creunanbHble MacCHBbI (aaMbbi), coopyKaemble

-

During the investigations it has been deter-
mined that the main ingredients of mine and
quarry waters are suspended solids, oil pro-
ducts, mineral salts, iron and aluminium salts,
different bacteria. For the removal of techno-
genic contaminations mechanical methods (set-
tling, filtration) and phisico-chemical methods
(treatment by coagulants and flocculants, neu-
tralizing and chlorine-containing reagents with
a subsequent settling, clarification in the layer
of suspended sludge and filtration, sorption
and others) are used. The applicable phisico-
chemical methods, facilities and apparatus
permit to treat rather effectively neutral and
acid mine waters from suspended solids, oil
products and bacterial contaminations and
ensure their discharge to water bodies under
the observance of stated ecological normals.
The mechanical methods of treatment, as a rule,
are less effective, and the quality of treated
mine and quarry waters in some cases does
not comply with the active norms. At present
modern types of facilities and apparatus
have ‘been developed, tested and widely
practised in industry: thin-layer settling tanks
and sludge blanket clarifiers for water treat-
ment, filter thickeners and press filters for
sludge treatment, and also new organic floc-
culants for water freatment process inten-
sification.

Along with this the institute «VNIIOSugol
has developed a number of new technologies
and technical means for mine and quarry water
deep treatment from suspended solids, oil
products, salts of iron and aluminium, bacterial
contaminations. They are:

- treatment technology with the use of
artificial filter mass (AFM);

- mine water biological treatment technol-
ogy on the basis of industrial macrophyte
cultivation;

- one-stage treatment technology with the
use of upward flow filters;

- nonwaste technology of acid and ironcon-
taining mine water treatment.

The treatment technology with the use of
AFM is based on water filtration through special
mass (dams) constructed from dense unsod-

808



M3 TIOTHBIX HEPA3MOKAEMbIX, CTOHKHX K XH-
MHYECKOMY BO34EHCTBHIO H BbIBETPHBAHHIO
BCKPbILLHBIX NOpoA. YKaaaka H YMIOTHEHHe
nopoga, NPOH3BOAHTCA ¢ cobaioaeHneM onpeae-
IEHHOM TE€XHOOMHH, 4To obecneunpaer yCTOH-
YHBOCTb BCEro COOPYKeHHA C y4eTOoM AeHCTBHA
(pnapTpalHOHHOIO NOTOKA OYHIAEMOH BOAbI.
B npouecce ¢pHabTpoBaHHA MPOHCXOAMT yAae-
HHe H3 BOAbl B3BelleHHbIX BELIECTB H HedTe-
NPOAYKTOB, CHHXXAeTCA CodepKaHHe ApYrHX
sarpasHeHnnd. HPM Moryr pasmelarbca B Bbl-
paboTaHHOM TIPOCTPAHCTBE pa3pe3oB, Ha MNo-
pPOAHBIX OTBanax HiH 3a HX npeaenamy. OCHOB-
HO€ MPeHMYyLLeCTBO T€XHONOMHH 3aKlo4aeTca
B HeGonbIUMX KanuTanbHbIX H SKCMAyaTalHOH-
HbIX 3arpaTtax. CoopyxeHHe HOM moxer GbITh
BBITOMHEHO C HCNONb30BAHHEM HMEIOWEHCA Ha
pa3pe3ax NOpHOM TE€XHHKH H YaCTH4HO COBMe-
IIEHO C TPOH3BOACTBOM BCKPBIUHBIX pabor
H 0TBan00bGpaszoBaHNEM,

TexHonorna npoiuaa MPOMbILIEHHYIO NPO-
BEPKY H LIHPOKO NpHMeHAerca B Kysbacce.
TexHomorHs OYHCTKH Ha OCHOBE ITPOMBILINEH-
HOI'0 KynbTHBHPOBAHHA MaKpoO(HTOB Ipearno-
aaraer HCHofib30BaHHE ecTeCTBEHHbIX GHOMOMH-
4eCKHX rpouecor. OvHILIAEMad Boaa Mocneao-
BaTebHO [MPOXOAHT TPH CTYMEHH OYHCTKH;
NPYA-OTCTONHHK, OOTaHHYECKYI0 MNaou@aaky H
6rodrasTpaTOp.

Ha nepBoH cTyneny 3a cHeT ceqHMeHTALIHH
yAdanaercd OCHOBHAA Macca B3BelleHHbIX
BelecTB, Ha BTOPOH H TPETbEH CTYyMNeHH
OYHCTKA NpPOHCXOAMT, IaBHbIM 0OpazoM, 3a
CYeT KOMIlIeKca MakpodHTOB, BKAKOYAIOILETNO
BbICLIHE BOAHbIE H NPHOPEKHO-BOAHBIE PACTe-
HHA, XapoBbleé H HUTYATbIE 3ef1eHble BOAOPOCH.
TexHOMoOrnA McnbiTaHa Ha waxtax Yenabus-
CKoro yronbHoro baccefiHa H obecnednBaer
BbICOKYIO CTeneHb O4YHCTKH OT B3BelleHHbIX
BeIUeCTB H Hedrenpoaykros. [IpeHmyliecTBa
€€ 3aKaIo4aloTCcA B BO3MOXKHOCTH HCNONL30Ba-
HHA A1A pa3MelleHHd OYHCTHBIX COOPYXeHHH
CYLIECTBYIIUHX CHCTEM OTBOAA UWAXTHBIX H
KapbepHblX BoA, 3a6010YeHHBIX Y4aCcTKOB
MECTHOCTH, & TaKXe B [POCTOTE CTPOHTENLCTBA
H 3KCIAyaTauny, HH3KHX 3aTparax.

OCOBEHHOCTb TeXHONOMMH OYHCTKH C HC-
Norb30BAHHEM (PHALTPOB C BOCXOAALIMM MOTO-
KOM 3aKII04YaeTCA B OrpaHHYEHHH HCXOAHOFO
coaepKaHHA B3BellleHHbIX BELleCTs (He Gonee
200 Mr/ky6.aM) B nocTynaiollei Bode, a TaKKe
HEAOMyCTHMOCTH BbICOKHX IHKOBbIX KOHLEH-
TPaUHH 3THX 3arpAsHeHnd. HMHTeHcH¢HKaLHA
NMpoLiecca OYHCTKH AOCTHIAETCA NPHMeHeHHeM
GAOKYIAHTA M 3aKaHUMBAETCA TMOAy4eHHeM

den overburden rocks, resistant to chemical
impact and weathering. Placing and packing
of rocks is fulfilled under the observance of
a spesial tecnology that ensures the stability
of the whole construction with regard to the
action of treated water filter flow. During.
filtration the removal of suspended solids and
oil products from water occurs, content of other
pollutants is decreased. AFM can be placed
in a worked out space of open cuts, at spoil
banks or beyond their boundaries. The main
advantage of the said technology consists in
rather small capital and operating costs.
AFM construction can be carried out with the
use of mining machinery being at open cuts
and partly coinsided with the fulfilling of
overburden operations and spoil bank forma-
tion. The techology has been passed through
the industrial test and is widely used in
Kuzbass.

The treatment technology on the basis of
industrial cultivation of macrophytes supposes
the usage of natural biological processes. The
water being treated passes in succession three
stages of treatment: settling pond, botanical
ground and biofilirator. At the first stage the
basic mass of suspended solids is removed at
the cost of sedimentation, at the second and
third stages treatment occurs mainly at the
expense of macrophyte complex, including
higher aquatic and coastal-aquatic plants and
algae.. The technology has been tested at
mines of Chelyabinsk coal basin and ensures
a high degree of suspended solids and oil
product removal. Its advantages consist in the
possibility of use of existing systems of -mine
and quarry water drainage and bogged areas
for treatment works placing and also in the
simplicity of construction and operation,
low costs.

The peculiarity of the upward flow filter
technology consists in limitations of an initial
content of suspended solids ‘(not more than
200 mg/cub.dm) and oil products (not more than
1,5 mg/cub.dm) in the flowing water and

‘also in the inadmissibility of high peak

concentrations of these contaminations. The
treatment process intensification is reached
by flocculant use and is completed with
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obespomeHHoOro npoaykra. OuUHCTHbIE COOpY-
AeHHA KOMIAKTHbI, He TpeBYIOT 3HAYHTENAbHbIX
naoilaged AnA HX pasMelleHHa. [lo aaHHOH
TEXHOMNOrHH NOCTPoeHbl OYHCTHLIE COPYAKeHNA
Ha waxre «HnkynnHckan» [1oAMOCKOBHOIO yronb-
Horo BaccerHa.

Be30oTX0AHAA TEeXHONOTHA OYHCTKH KHCABLIX
H Aene3ocoaepKailiyx BoA BKAIOMaeT cnegy-
OlHEe [MpOoUeCcChl: HeHTpanH3auHio BOAbl C
HCNOoNb30BAHHEM pPEareHToB (H3BECTH, H3Be-
CTHAKA M H3BECTH H Ap.); pasfeneHHe KHAKOH
H TBepaoH ¢a3bl cequMeHTalnen naH aora-
LIHeN; yNaoTHeHHe, 06e3BoKHBAaHHE, TOAIOTOB-
Ky K YruaH3auuMH u mnepepaboTKy ocaaka C
nonyyeHHeM ToBapHbiX MpoAyKTOB. B 3apucH-
MOCTH OT Ka4iecTBa HCXOAHOH BOAbl, THMA
HEATPANH3YIOILErN0 peareHTa H TeXHOMOrHH
OCBeTneHHA BoAbl 0CaA0K MOXKeT 6bITb HCNOMb-
3oBaH AQA MOOy4eHHA KepaM3HTa, KepamHye-
CKOH MAHTKH, coOpeHTa, KoarynaHra, TepMo-
CTOHKOTO Kee300KHCHOro nHrMeHra, TexHo-
IOMHA MpoBepeHa Ha OfbITHO-NPOMBbILLIEHHOH
HeHTparIH3aUHOHHON yCTaHOBKe B KH3en0BCKOM
yronsHoM OacceiHe. '

3HA4HTENBHbIA Bpea BOAHBIM OOBeKTaM
HAHOCHT COpOC WIAXTHbIX BOA C MHHepanH3a-
uMern cBbliile 1r/Ky6.AM, 4TO XapaKTepHO And
ycaoBHH paspabaTblBaeMbiX MeCTOpPOMKAEHHH
BocroyHoro flonbacca (PocToBckaa o6nacTb)
1 YenabuHCKoro yroasHoro 6accerna. Lnpoko
H3BECTHbIE H TPUMEHAEMbIE Ha NPaKTHKE MeTo-
Abl HX 06e3BpeRnBaHHaA (perynHpyembli copoc,
NpyAbI-HAKONHTENH, NMPYALI-HCIAPHTE(H) He AAI0T
AON2KHOTO pe3yabTaTa, 0COOEHHO MpH MHHEpa-
aM3auHH CBblile 2-31/Kyb.aM. B CBA3H C aTHM
nHcTHTyToM «BHHHOCyroab ¢ yyactrHeM paga
CNeUHanH3HpoBaHHbIX OpraHH3allMi pa3pabora-
Ha H OCYLUECTBAACTCA KOMNNEKCHaA NporpaMmma
Mo co3/lanHio 6a3oBbIX TEXHONOTHH H 06opyao-
BaHHA A1A AeMHHepanH3alMHM WaXTHbIX BOA,
OCHOBAHHbBIX Ha TEPMHYECKOM, AEKTPOAHANN3-
HOM H 06PATHOOCMOTHYECKOM MeToaax. lepsas
NpoMbilI(IEHHAA CTaHuMA AeMHHepanH3alHH
IIAXTHBIX Bo4, pazpaboTaHHad HHCTHTYTOM
«BHHHOCyoran» coBmecTHO C 3anagHorepmaH-
cKoH ¢HpMoH «[TpoHccar», CTPOHTCA Ha LaxTe
«OKTAbpcKaA-l0xHan B PocroBckon obnactH.

I PeKTHBHOCTb TEXHOMOMHECKONO NMPOoLECCa
OYHCTKH ILAXTHBIX H KAapbepHbIX BOI MOMKET
ObITb 3HAYHTENBHO MOBbIILIEHA [TyTEM aBTOMATH-
3allkM yrnpasieHHa paboToi TeXHONOrHYECKOro
obopyaosanna. Ha ocHoBe aHannza paboTbl
KPYMHbIX OYHCTHBIX COOPYKEHHH WAXTHbIX BOA
yronbHbIX npeanpusaTHi Kysbacca, CaxannHa v

dewatered product receipt. Treatment works
are compact, don’t require large areas for their
placing. According to this technology there
has been built a treatment plant at mine
«Nikulinskaya» in Submoscow coal basin.

The nonwaste technology of acid and
ironcontaining waters treatment includes the
following processes: water neutralization by
reagents (lime, limestone and lime and others);
liquid-solid separation by sedimentation and
flotation; packing, dewatering, preparation for
utilization and sludge processing with com-
modity products receiving. Depending on the
quality of initial water, type of a neutralizing
reagent and water Cclarification technology
the sludge can be used for production of
expanded clay aggregate, ceramic tile, sorbent,
coagulant, thermostable ironoxide pigment.
The technology has been tested at the pilot-
industrial neutralization plant in Kizel coal basin,

Mine water discharge with mineralization
more than 1 g/cub.dm, that is typical for

- conditions of working deposits of Eastern

Donbass (Rostov region) and Chelyabinsk coal
basin causes substantial harm to water bodies.
Widely used and feasible methods of mine
water disinfection (regulated discharge, storage
ponds, evaporation ponds) don’t give the proper
result, particularly under the mineralizatoin
more than 2-3 g/cub.dm. In the connection
with, by the institute «VNIIOSugol» with the
assistance of a row of specialized organizations
it has been developed and is realized a comp-
lex program on production of basis technolo-
gies and equipment for mine water demineral-
ization, based on thermal, electrodialysis and
reverse osmosis methods. The first commercial
mine water demineralization station, developed
by the institute «VNIIOSugol together with
the German firm «PROISSAG», is being built at the
mine «Oktyabrskaya-Yuzhnaya» in Rostov region.

The efficiency of the technological process
of mine and quarry water treatment can be
considerably increased by management auto-
matization of technological equipment opera-
tion. Based upon the analisis of the operation
of large mine water treatment works of coal
enterprises in Kuzbass, Sakhalin and Primorsk
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lMpumopckoro Kpas neruryrom «BHHHOCyroab»
paspaboraHa aBTOMaTH3MpOBaHHad CHCTeMa
ynpaseHH#A TEXHONOMH1YeCKHM MPOLIECCOM O4H-
CTKH CTOYHbIX BOA OT B3BELUEHHBIX BELIECTB
waxTtel N¢ 5/6 AQ IpoKornbeBCKyroaby.

ABTOMATH3aLMA yrpaBaeHHA [MpoLieccoM
OYHCTKH 0HECreyHBAeTCA 3a CYeT BbITOMHEHHA
cucremor ACYTIl B aBTOMATH4Y€CKOM pexHMe
cneaylownx GyHKUHH:

- KOHTPOI1b OCHOBHbIX NapaMeTpOB T€XHON0-
rH4eCKOro MpoLecca, OKa3blBaILHX 3aMeTHoe
BIHAHHE HAa KadyecTBO O4YHILEHHOH BOAbI;

- MHOrO(AKTOpHOE PeryInpopaHHe noga4x
pACTBOPOB KOAryAAHTOB H (AOKYAAHTOB, OTBE-
yalolllee YCAOBHAM ONTHMH3ALHH;

~ KOHTPO(lb COCTOAHHA H peKHMa pa60Tbl
HCMOAHHTEIBHbIX MEXAHH3MOB;

— ynpas(ieHHe paboToH OCBETIHTeNeH CO B3Be-
LeHHbIM CI0EM H BbIMYCKOM OCaaka (Mo BpeMe-
HOMy peraaMeHTy Wi no TpeGoBanHio);

~ yripaBfieHHe TpoLecCaMH (pHAbTPOBAHHA
H pereHepalliil (pHIbTPOB;

~ yfpaBfeHre mnoaa‘er axTHOH BOAblI Ha
OYHCTKY W OYHLIEHHON BOAbl NoTpebHTenAM;

- CHrHaaH3al{a O HeHCNpPaBHOCTH TEXHOI0-
THYECKOro M 30eKTpHUYeCKoro obopyaoBaHHA.

Cucrema ACYTIl paboTaeT B COOTBETCTBHH
¢ paspafoTaHHOH MpOrpaMMoM, XpaHslleHca
B NAMATH BbIMHCAWTEABHONO KOMIWIEKCa, KOTo-
Pbi COCTOHT H3 peryaHpyloLHX MHKpOIpoLec-
COPHBIX KOHTPON1epoB THNA «PEMHKOHT, «/10MH-
KOHT», «MHKpOJaT» U HM aHaaorn4ybix. Konu-
YECTBO MHKPOIPOLIECCOPHBIX KOHTPO(1€POB
onpedennaeTcs [POH3BOANTENBHOCTbIO OYHCT-
HbIX COOPYK€HHH H COCTABOM TeXHONOTHYe-
ckoro 06opyaoBaHHA.

B cocraB cHcureMbl ACYTI1 BXogHT aBTOMA-
THYeCKHH 10-KaHaabHbIA aHaMH3aTop KOHLEH-
_ TpauHH B3BellleHHbIX BeIEeCTB B ILIAXTHOH
Boje, paspaboTtanHbif comectHo ¢ HIO Jlap-
Ma» (r.[lepmb). AHAHNH3ATOP BbINONHEH B BHAE
KoMnaekca OTOAATYHKOB CTPYHHONO THNA
H 2(1eKTPoHHOro 610Ka CO BCTPOEHHbIM MHK-
pOrIpoOLIECCOPOM H LM poBbIM Tabno. A1 CBA3H
C CHT€MOH aHaNH3aTop HMeeT aHaroroBble H LH-
¢poBbie BbIXOAbl. [lHanasoH H3MepeHHA KOH-
UeHTpauH B3BELIEHHbIX BEILECTB HAXOAHTCA
B npeaeaax or 0,5 go 2000Mr/ky6.aM.

BHeApeHHe aBTOMaTH3HPOBAHHOM CHCTEMbI
yrpapaeHHA obecnevrBaeT nopbilleHHe 3@ dek-
THBHOCTH TEXHOIOTHH O4HCTKH HIAXTHOM BOAbA

Territory by the institute «VNIIOSugol» it has
been developed an automated system of techno-
logical process control of waste water treatment
from suspended solids at the mine N°® 5/6
of the jointstock company «Prokop’evskugol».

Management automatization of a treatment
process is ensured through carrying out the
following functions by the system ACSTP in the
automated regime:

- control of technological process main
parameters, having a visible effect on the
purified water quality;

- multifactor regulation of coagulant and
flocculant solution feeding, corresponding
to optimization conditions;

- control of the state and operation regime
of actuating mechanisms;

- operation control of sludge blanket
clarifiers and sludge release (according to
temporal order or at the request);

- control of filtration and filter regeneration
processes;

- control of mine water feeding to treat-
ment and purified water to consumers;

- technological and electric equipment
failure alarm.

The systerm ACSTP operates in accordance
with the developed program being stored in
the memory of computation center, consisted
of regulated microprocessor controllers of
«Remicont», «Lomicont», «Microdat» type and
the analogous. The quantity of microprocessor
controllers is determined by treatment works
efficiency and technological equipment state.

The automatic 10-channel analyzer of sus-
pended solids concentration in mine water,
developed with the assistance of SPA «PARMA»
(Perm), is included into the system ACST?.
The analyzer is made in the form of a complex
of jet type photosensors and an electron block
with built-in microprocessor and digital panel.
For the connection with the system the analyzer
has analog and digital outputs. Measurement
range of suspended solids concentration is in
the limits from 0,5 to 2000 mg/cub.dm.

The automatic control system introduction
provides an increasing of mine water treatment
efficiency at the cost of technological process
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3a CUeT BeAeHHA TeXHONOorn4ecKkoro npouecca
B ONTHMABHOM peXXHMe H yay4lieHHA HHpop-
MATHBHOCTH O padoTe OUHCTHBIX COOPYKEeHHH
B LIEnoM,

PaccCMOTpeHHbIA Kpyr aKTyaabHbIX BOMpPO-
COB, CBA3AHHBIX C OXPAHOH H HCNOAb3OBAHHEM
BO/IHbIX PECYpPCOB B YrOfbHbIX pernoHax Poc-
CHH, €CTeCTBEHHO, HE OXBArblBaeT B MOIHON
Mepe BCero MHoroobpasna peanH3yeMblX Ha
NpaKkTHKE HanpabBleHHH HyYHO-TEXHHYECKOro
nporpecca B 3Toi obaactd. Bmecre ¢ TeM npea-
I0JKeHHbIE MeTO/bl H TeXHHYECKHe CpeAcTBa
CO34AI0T HagemHble MPeaToChINKK ANA Aanb-
HeHllero NOBbilIEHHA TeXHHKO-5KOHOMHYe-
CKOro YpOBHA NPHPOAONIONb30BaHHA NPH pa3pa-
6OTKe yroabHblIX MECTOPOMAECHHH OTKPBITHIM
H NMOA3eMHbIM CNIOCOHAMH, 0COBEHHO B paHoHax
pasMellleHHA  KpyNHOMACIUTaGHbIX MpPOMbil-
IeHHbIX TIPOH3BOACTB.

management in an optimal regime and impro-
vement of treatment works operation infor-
mativity on the whole.

The considered class of urgent problems,
connected with water resources conservation
in coal regions of Russia, of course, does not
spread all over the whole variety of directions
of scientific-research progress in this sphere,
being realized in practice. At the same time the
proposed methods and technical measures
create reliable prerequisites for further rise of
nature management technicaland-economic level
under the working out of deposits by open pit
and underground methods, especially in the
regions of large-scale industrial production
allocation.
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HOBDBIE TEXHO/IOT'HH OYNMCTKN CTO4YHbBIX
BOA MPEANPHATHA (IETKOH

IMPOMBIIAEHHOCTH
e

ABTop: acKkoB IO.M., AOKTOD TEXHHYECKHX

_ Hayx, npogeccop.
(MockoBckHH locygapcraerrsid
CTpoHTEIbHbIH YHHBEPCHTET)

Paborbl HanpasaeHbl He TOAbKO Ha CO3-
flaHHe KOMIIIeKCHbIX CXeM OYHMCTKH BOAbl H
obpaborkn ocagka, HO H Ha paspaboTky
OTAenbHbIX CoOpyxeHH#. Ocofoe BHHMaHHe
6bin0 obpallieHO Ha pa3paboTKy paLHOHanb-
HO-TO MCIMONb3OBAaHHA BOAbl B TNPOH3BOACTBE
H MOBTOPHO-060POTHOE €€ MCIO(b30BatHe.

Aas npeanpHATHA TPHKOTAXKHOH NPOMbILL-
(IEHHOCTH paspaboraHa KOMINIEKCHaA CXeMa
OYHCTKH CTOYHBIX BOA M 06paboTkH ¢daoTow-
fa-a, a TakKe pAK HOBbIX KOHCTPYKUMH ¢no-
TALMOHHBIX COOpYeHH#.PaspaboraHa cxeMa
BOAHONO XO3AACTBAa H OYHCTKH BOAbl Mpea-
MPHATHA LUENKOBOH MpOMbIWaeHHOCTH. Paspa-
6oTaHa TeXHONOTH-eCKad CXeMa (10KambHOH
OYHCTKH HA  OCHOBe (POTAUMOHHBIX H
3(IEKTPOXHMHYECKHX MeTod0B, obecnevynBaio-
IHX TpefyeMoe KayecTBO OYHMCTKH BO/b.

B peayabTare H3y4eHWA TEXHOIOTHH TMpo-
M3BOACTBA HETKaHbIX MarepHanos paspabora-
Ha ONTHMaNbHaA TEXHONOTHA  (IOKAMbHOW
OYHCTKM CTOYHBIX BO4, COAepXKallHX BbICO-
KOMO/eKynsApHble NOAWMep-Hble COEAHHEHHA.

PaspaboraHa pauHOHanbHaA cXxemMa BOAOO-
GecneveHHs TEXHOMOTHYECKHX TNpOLeccoB Me-
XOBOTO TPOM3BOACTBA C HCNOMb3oBaHHeM 060-
POTHBIX H MOBTOPHBIX LIMKA0B, COKPALLAIOLLHX
obuee Bogonorped- neHne Ha 40-50% 6es
H3MeHeHHA KauyeCTBa BblllyCKaeMOH  [po-
AYKLHH.

OtpaoTaHa TEeXHOMOrMA O4HHCTKH OHOO-
TMYeCKH OYHILEHHbIX CTOYHbIX BOJ Ha yab-
TpadHabTpax, KOTOpadA [103BOAET TNOAYYHTh
TeXHHMUYECKyl0 BOAy, Ka4yecTBO KOTOPOH YAOB-
1eTBOpAET TEXHONOIH- YeCKHM TpebGoBaHHAM
MEeXOBOr0 MpPOH3BOACTBO.

PazpaboraHa KoMIlnekcHad CXeMa (a0Kafb-

HOH H NOAHOH OHOMO-  'MYECKOH OYHCTKH
OCaJKOB KOMEBEHHbIX 3aBOAOB.
[AA  KOMNAEKCHOrO  pellieHHA  BOMPOCOB
OYMCTKM CTOYHBIX BOA MPeAMPHATHA XAOM4a-
TOGYMasKHOHM MpPOMbILIeHHOCTH pa3paborana
TeX- HOAOI'MA OYHCTKH CTOYHBIX BO4, KOTO-
pas mnpeaycMarpHBaer TpeXNno- TOYHOE pas-
[lefleHHe CTOYHbIX BOA MM ABYXMOTOYHOE,
MpPH OTCYTC-TBHH CEPHUCTOrO KpauleHHs.

NEW TREATMENT TECHNOLOGY OF LIGHT
INDUSTRY WASTE WATER

Author: Laskov J.M. Doctor of sciences.
full professor.
(Moscow State University of Civil
Engineering)

Present research was aimed at the elabo-
ration of waste water and sludges treatment
shemes and at the design of corresponding
treatment facilities. Particular attention at this
was paid to the rational use of water in the
production and fo the ways of its reuse and
recirculation in water supplying systems.
Thus, for textile industry was proposed a
complex scheme of waste water treatment
and of treatment of skimmed flotated debris
as well as some new designs of flotation in-
stallations. For the artificial silk manufacturies
a complete scheme of water supplying and
waste water treatment was worked out with
the tecnologies of local treatment on the
base of flotation and electro-chemical meth-
ods, ensuring the required quality of effluent.

Technology of local treatment of waste wa-
ter, containing giant-molecular polymer com-
pounds was worked out as a result of studies
of non-weaved fabrics production.

For fur-processing industries a scheme of
water supplying system envisages return and
recirculation circuits in order to reuse waste
water and decrease by 50-60% the require-
ments in fresh water without any harm for
the quality of produced materials. For obtain-
ing water for technical necessities quality of
which satisfies requirements of fur-processing
standards @ ‘method of further treatment by
ultra-filtration of biologicaly treated effluent
was recommended.

A complex scheme of local and complete
biological treatment of waste water and of
the resulting sludges for tanneries was also
work out and proposed. To resolve problems
of waste water treatment of cotton processing
industries the technology of .complete treat-
ment of rejected waters employs a three-
flows lay-out of installations or a two-flows
pattern if sulfuric dyeing is not used in the
production.
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OAEKTPOHHO—-TYYEBAA TEXHO/MOI'NA
OYUCTKH XUMHYECKH-3ATPA3HEHHBIX
CTOYHBIX BOAJ
L ]

(Tauimy A.@.,

Kananagar reXHHYeCKHX HAYK,
Hayyro-rccaneqoBareabCKHH

H BHEAPEHYECKHH LEHTP
«IHEPrOPHIHKA»

IEKTPOHHO-MYYEBAA TEXHOTOI'MA
OYHCTKH 3TO:

— KOMI1€KCHaA 9KOHOMHA MHOTHX peCypCoOB;
= JRONOrHYecKas YHCTOTa;

= BbICOKad NPOH3BOAHTENbHOCTD;

— 9KOHOMHA 3(1€KTPO3HEPrHH;

~ 3KOHOMHHA NMPOH3BOACTBEHHDbIX naowaaen.

IEKTPOHHO-TYYEBAA TEXHO(IOTHA
OYHCTKH OCHOBAHA HA HCINOb3OBAHHH
CTABHbHOH S(IEMEHTAPHOH YACTHLbI —

J(IEKTPOHA.

[lapaMeTpbl YCTAHOBKH:

THn yckopHTean - XB-8
SHeprud

301eKTpoHOB, MaB - 1.0-2.5
MaxcHmankHas

MOUIHOCTBL, KBT - 80

Tok nyuka

(MaKkcHMarnbHbIf), MA - 50
[TpON3BOANTENBHOCTD,

m3/uac - 700-~1500

OCHOBb] METO/A S(IEKTPOHHO-TYYEBOH
OYHCTKH CTOYHBIX BOA

AneKTpoHHO-(lyHeBad O4HCTKA BOAHBIX pac-
TBOPOB TOKCHYHbIX NPHMeECeH OCyIeCTBAAeTCA
B peayabTaTe BO3AECHCTBHA YCKOPEHHbIX aneK-
TPOHOB ¢ 06pazoBaHHEM NPOAYKTOB PaAHONH3A
BOAb! B BHAE AKTHBHbIX CBOOOAHBIX PAANKAIOB
H HOHOB. TaKOBbIMH, HamMpHMep, ABIAITCAH:
rHApaTHpOBaHHBIA 3NE€KTPOH, aTOM BOAOpOAA,
rHAPOKCHABHBIF pajHKan, HOH-pagHKan KHC-
n1opoaa, rHApornepekHcHbIN paanKan. OTH vac-
THUBbl XapaKTepH3YIOTCA O4YeHb BBICOKOH
PeaKLHOHHOH CMOCOOGHOCTBIO, MO3TOMY MpO-
LIeCChl B3AHMOAEHCTBHA HX Mexay cobor uan
C PpacTBOPEHHbIMH MpPHMECAMH MNpOTEeKaloT
c 6onbIUIOH CKOPOCTbIO.

ELECTRON BEAM TECHNOLOGY FOR THE
TREATMENT OF CHEMICALLY POLLUTED
WASTE WATERS
L

Lashin A.F.,

Candidate of technical Science.
Reseach and Development Centre
«Energofizikar

ELECTRON BEAM TREATMENT MEANS:

1

combined economy of many resources;
low environmental impact;

high productivity;

- energy conservation;

economy of production space.

l

l

1

ELECTRON BEAM TREATMENT IS BASED ON
THE USE OF A STABLE ELEMENTARY
PARTICLE - THE ELECTRON.

Facility specifications:

Accelerator type - ELV-8
Electron energy,

mega electron volts - 1.0-2.5
Maximum power, kV - 80

Beam current

{maximum), mA - 50
Productivity, m3/hr, - 700-1500

PRINCIPLES OF THE METHOD OF ELECTRON
BEAM TREATMENT OF WASTE WATERS

Electron beam treatment of solutions of toxic
admixtures in water is brought about as a result
of the impact of accelerated electrons with the
formation of products of radiolysis of water in
the form of active free radicals and ions. These
are, for example: hydrated electrons, hydrogen
atoms, hydroxyl radicals, ion radicals of oxygen,
and the hydrogen peroxide radical. These
particles are characterised by a very high
reactivity which is why interaction processes
between them or with dissolved admixtures
take place at great speed. During treatment with
accelerated electrons organic compounds oxi-
dize to form carbonic acid and water.
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OpraHH4ecKHe coeqHHeHHA B BOAHOM pac-
TBOpe NpH 06paboTKe yCKOPEHHBIMH 31€KTPo-
HaMH OKHCIAIOTCA ¢ 06pasoBaHHeM YraeKHc10-
ro raza H BoAbl

AKTYATbHOCTb PEWIEHHA TTPOB/EMbI
PA3PABOTKH HOBBIX TEXHO(IOTHA
OYHCTKH CTOYHDIX BOA

COOpyMeHHA N0 OYHCTKe OBITOBBIX H
NPOMBILIIEHHbIX CTOYHBIX BOA NeperpyAeHbl
H He YAOBAETBOPAIOT CAHHTapHbIM HOpMaM.
Hecmorpsa Ha 6onbluoh apceHan METOAOB OUHC-
TKH CTOMHBIX BOA (3€KTpHYECKHH, GHOXHMH-
4YeCKHH, COPOLIHOHHBIH, XHMHYECKHH, CAKHMaHHe
B LMKMOHHBIX lleyaX H Apyrve), NHpaKTHKa
MpHMEHEHHA 3THX MeTOAOB B MMPOMbIILINEHHOCTH
NOKa3bIBAET, YTO OYHCTHblE COOPYKEHHA He
obecne4yHBalOT OYHCTKY (0 TpeGyeMbIX CaHH-
TapHbIX HOpM. [IpHYHMH TaKoro MOMOKeHHA
MHOI'O, H3 KOTOpbIX Hanbonee Ba)KHble ABe:

— BbICOKaA CTOHMOCTb OYHCTKH;

— AOCTATOYHO Y3KHH [HanasoH KaxKJaoro
meroaa.

MPEMMYLLECTBA 3(IEKTPOHHO~TY4EBOH
TEXHO({IOI'HH

OCHOBHBIM TIPEHMYLLIECTBOM 30€KTPOHHO-
fly4eBbIX TE€XHOMNOTHH OYHCTKH MO CpaBHEHHIO
C «KNACCHYECKHMH» METOJaMH ABAAETCHA ee
yHHBEpPCANbHOCTh. B MeKAyHapoaHOM perHcrpe
NOTEHLUHANBHO OMACHbIX TOKCHYHbIX BeLIECTB
yHcanTca Oonee 3500 HanMeHoBaHHA. OJnek-
TPOHHO-IyMeBaA TEXHOOrHA [03BOAAET BO3-
AencTBoBaTh Ha BGONBUWIMHCTBO M3 HHX, 4ero
Henb3d CKa3aThb O APYTHX TeXHOOOrHAX.

JHEPrHA YCKOPEHHBIX A1EKTPOHOB HCMOb3Y-
eTCA A0A H3MEHEeHHA XHMHYECKHX, (PHIHYECKHX
1 6HONOrM4ECKHX CBOMCTB 0bayyaeMoro obmek-
Ta. OAHOBPEMEHHO ¢ pa3nOXeHneM opraHuye-
CKHX H HeopraHH4YeCKHX 3arpasHHTeqneu,
YCKOpAETCA CEAHMEHTALHA H KoarylaLHA, CHH-
AKAOTCA LIBETHOCTD W 3amnax, MPOHCXOANT Ae3HH-
deKuua, npegorspauiaerca 6Ho-obpacraine B
TEXHONOTMYECKHX CHCTEMaX, YTO 0COGEeHHO
BAXHO ANA CO3AaHNMA 3aMKHYTOro 00OpPOTHOrO
BoAocHabXeHHA C 6ecCTOMHBIMH MPOH3BOA-
CTBEHHbIMH UHKAaMH. OuYeHb BaKHbIM AOCTO-
HHCTBOM 3(1€KTPOHHO-Ty4€BOH TE€XHONOIHH AB-
AA€TCA TO, YTO NMOMHMO OYHCTKH OT OCHOBHbIX
3arpasHHreqeii oHa YHHUYTOKaeT MHKpOTNpHMeCH
0cob0 TOKCHYHBIX BellleCTB, Ha KOTOpblieé He
AEHCTBYIOT ApYyrHe MeTodbl OYHCTKH.

THE URGENT NEED FOR A SOLUTION TO
THE PROBLEM OF DEVELOPING NEW
TECHNOLOGIES FOR WASTE WATER

TREATMENT.

Facilities for the treatment of industrial and
domestie waste waters are overloaded and do
not meet sanitation standards. Despite a wide
range of methods for the treatment of waste
waters (electric, biochemical, sorbent, chemi-
cal, incineration in cyclonic stoves and others),
the practice of applying these methods in
industry has shown that the treatment facilities
do not provide purification to the required
standards. There are many reasons for this state
of affairs, the most important being:

- the high cost of treatment;

- the rather narrow range of action of each
method.

ADVANTAGES OF THE ELECTRON BEAM
TECHNOLOQGY

By comparison with «classical» methods
the main advantage of electron beam treatment
is its universality. There are more than 500
names listed in the international register of
potentially dangerous toxic substances. Elec-
tron beam technology enables us to act on
the majority of them, which cannot be said
of other technologies.

The energy of accelerated electrons is
used to change the chemical, physical and
biological properties of the object being
irradiated. As organic and inorganic pollutants
decay, the processes of sedimentation and
coagulation are accelerated, colour and smell
are reduced, disinfection takes place and
biological growth is prevented in technical
systems, which is very important for a closed
circulating water supply without waste waters.
One valuable advantage of electron beam
technology is the fact that apart from purifi-
cation from the main poliutants it annihilates
micro admixtures of particularly toxic substanc-
es which other treatment methods fail to act on.
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 XAPAKTEPHCTHKA CTOYHBIX BOA
AO «AHXK»

XuMHuecKH-3arpasHeHHbie CTokH [10 «AH-
‘rapcKHedTeOprcHHTe3» cogepaxar GyTHAOBbIe
CrHpTbI, GEH3HHDbI, AN3ebHble TONIHBA, Kepo-
CHHBI, yronbHble CMOAbI, acarbTeHbl, METaHo!,
aMMHakK, peHonbl cymMapHble u netTy4dne, Na(2)s,
NaHS, 6eH3HpeHbl, LMAHHABI, POAAHHABI, MO-
4YeBHHY, AHMeTHATepedTalaT (B 3aBHCHMOCTH
ot PH cpeapl KMCAOTHl HWAH COAH MANEMHOBOH,
aubo draneBor KHCIOT), AHITHANEKCAHON, A~
oKTundgTanar, KCHaoasl, CTHpoa, 6eHson, yrae-
BoAopoab! HedTH, T1ABbI, XnopHabl, CynbgpHTbI,
NOMHMEPDI (3THACH, MPOMHIEH).

CHARACTERISTICS OF THE WASTE WATERS
OF THE «ANGARSK PETROCHEMICAL
COMPANY»

The chemically polluted waste waters of the
Petrochemical Association «Angarsknefteorg-
syntez» contain butyl spirits, benzines, diesel
fuels, kerosenes, coal-tar, asphaltenes, metha-
nol, ammonia, total and volatile phenols,
Na(2)S, NaHS, benzopyrenes, cyanides, sul-
phocyanides, urea, dimethylterephthalate (de-
pending on pH of the medium, acidity or salts
of maleic or phthalic acids), diethylhexanol,
dioctylphthalate, xylenes, styrene, benzol, hy-
drocarbons of oil, surfactants, chlorides, sul-
phites, polymers (ethylene, propylene).

OPOEKTHBHOCTD (MEKTPOHHO-TYYEBON OYNCTKH
'XHMHYECKH-3ATPASHEHHBIX CTOKOB AO «AHXK»

KoHueHTpauna, Mr/Ky6.am
nocae ob6paboTKH

HanmeHoBaHHe HrpeAHEHTOB HcxogHasn YCKOPEHHBIMH 2(1€KTPOHAMH
pt 8.9 8.3 - 8.4
HedyrenpoayKThl 3.28 1.6 - 2.0
aery4yre ¢peHonbl 11.6 0.16 - 1.6
aMMHaK 144 11.1 - 94.3
MeTaHo(1 55.5 0.0 -~ 29.8
cepoBogopoA, 0.02 0.0
NAB 0.13 0.04
BIIK5 194 11 -~ 104
XK 340 34 -~ 220
apoMarH4yeckHe _
yrneBoaopoabl 2.06 0.0

ELECTRON BEAM EFFICIENCY IN TREATING CHEMICALLY POLLUTED WASTE WATERS
OF THE «ANGARSK PETROCHEMICAL COMPANY»

Concentration, mg/cubic DM
After treatment by

Component substances Initial accelerated electrons
pH 8.9 8.5 - 8.4
oil products 3.28 1.6 - 2.0
volatile phenols 11.6 0.16 - 1.6
ammonia 144 11.1 - 94.5
methanol 33.5 0.0 - 29.8
hydrogen sulphide 0.02 0.0
surfactants 0.13 0.04
BOD 5 194 11 - 104
coD 340 34 - 220
aromatic
hydrocarbons 2.06 0.0
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30®GEKTHBHOCTD BHOIOTMYECKOA OYHCTKH XHMHYECKH-3ATPA3HEHHBIX CTOYHBIX BOS,
PA3BAB/IEHHbBIX BbITOBbIMH CTOKAMH, %

HCXOAHAA nocae obpaborTku
HanmeHoBaHHe YCKOPEHHBIMH X1€KTPOHAMH
HrpeHEHTOB 1:1 14 | 1:1 1:4
HeTenpoaAyKTbl 40.0 25.9 73.8 97.3
aeTyyuHe ¢eHodbl 98.8 99.1 96.4 98.1
aMMHaK 27.9 41.9 - 78.3
METaHO! 100 100
TMAB 44.4 55.6 429 63.6
BIIK5 98.9 98.1 96.0
XK 89.5 83.1 78.7
KapbamMHg 99.6 99.4 99.2 100
Meab 8.8 56.3 69.6
HKeneso 56.3 62.2 . 813 84.2
UMHK ~ - 71.7
HHKeNb 0.0 - 71.1 75.0
M-M-KCH0(1 100 100
CTHpOQ ' 100 100
¢dochar-HoH 100 100
apoMaTH4ecKkHe b
yraeBogopoabl 100 _ 100

EFFICIENCY OF BIOLOGICAL TREATMENT OF CHEMICALLY POLLUTED WASTE WATERS
DILUTED BY DOMESTIC WASTE WATERS, %

_ Initial After electron
Component beam treatment
substances 1:1 1:4 1:1 1:4
oil products 40.0 25.9 73.8 97.3
volatile phenols 98.8 99.1 96.4 98.1
ammonia 27.9 41.9 - 78.3
methanol 100 100
surfactants 444 35.6 42.9 63.6
BODS : 98.9 98.1 96.0
CcOoD 89.5 83.1 78.7
carbamide 99.6 99.4 99.2 100
copper 8.8 56.5 69.6
iron 56.5 62.2 81.3 84.2
zinc - - 71.7
nickel 0.0 - 71.1 75.0
para-meta-xylene 100 100
styrene 100 100
phosphate ion 100 - 100
aromatic '
hydrocarbons 100 100
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3MEKTPOHHO-IY4YEBAA OBPABOTKA
XHMHYECKH-3ATPA3HEHHDBIX CTOYHBIX BOA4
HO3BO/AET: '

~ CHH3HTh KOHLEHTPALHIO BpeaHbIX HHrpe-
[HEHTOB (0 MpeaenosB, NPeayCMOTPEHHBbIX Ha
6GHONOrMYECKHX OYHCTHBIX COOPYKEHHAX;

~ YBEOHYMTb NPO3PAYHOCTb XHMHYECKH-
3arpA3HEHHON BOABI MyTEM yaaneHHA BellecTs,
ofycnaBaHBAIOUINX ee OKpacKy;

— TMpPOH3IBOAHTh OYHCTKY 6es Hcnoab-
30BaHHA AOoNOMHHTENbHLIX HHIpeAHeHTOB.
BHOTeCTHpOBaHHe C HCnoas3oBaHHeEM CTe-
PHObHBIX KYAbTYP CBETALUMXCA PACTEHHH MOKa-
3an0, 4yTo 06paboraHHble CTOKH CTAHOBATCA
HETOKCHYHALIMH.

INEKTPOHHO-TY4YEBAA OBPABOTKA
XHMHYECKH-3ATPA3HEHHDBIX CTOYHBIX BOA:

~ OKa3bIBaeT TOMOXKHTENbHOE BAHAHHE Ha
a¢pekT GHOMOrH4eCKOH OYHCTKH (HanpHMep,
oT HedTEeNPoAYKTOB, aMMHaKa, MedH, XKenesa
HHUKeNA, UHHKA);

- cnocobeTByeT OHONOrHYECKOH OYHCTKE
CHH3HTb OCTATOYHbie KOHUEHTpAUHUH 3arpas-
HAIOIHX BellecTs.

ELECTRON BEAM TREATMENT OF
CHEMICALLY POLLUTED WASTE WATERS
PERMITS:

- a lowering of the concentration of harmful
components to a point when biological methods
of waste water treatment can be used effectively.

-~ an increase in the transparency of
chemically polluted waters by the removal of
substances responsible for their colouring.

- treatment without the addition of other
substances.Biological testing using sterile
cultures of luminescent plants showed that
the treated waste waters become non-toxic.

ELECTRON BEAM TREATMENT OF
CHEMICALLY POLLUTED WASTE WATERS:

- has a positive influence on the effect of
biological treatment (for example, purification
from oil products, ammonia, copper, iron,
nickel and zinc);

~ assists biological treatment to lower re-
maining concentrations of poliuting substances.
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BHOANOMHYECKAA OYHCTKA IOPOACKHX |

CTOYHbLIX BOA
H NEPCIIEKTHBbLI EE PASBHTHA B

POCCHH
e e

Ayxurbix H.A., akagemurx 7KKA,
npogeccop., A4.1.H.,

AOOT ‘HHH KoMMyHabHOIrO
BOAOCHAOXEHHA H OYHCTKH BOAbI',

TE3NCbI

B PoccHH m3y4yeHHe OHOMOTHYECKHX MeTo-
AOB OYHCTKH TOpPOACKHX CTOYHbIX BOA pas-
BHBAIOCh AHA/IOTHYHO TeXHHYECKH pasBHTbIM
crpaHaM Epponbl n CHIA. 3HayHTenbHOE OT-
CraBaHHe OTMe4YaeTcA BQ BpeMeHH HX peanu-
3auuH. HccneqoBaHHA ¢ aKTHBHBIM HIOM Obl-
ad Havatbl B 1915 rogy, K 1922 rogy 6binn
noayyeHbl MarepdHanbl g TPOEKTHPOBaHMA.
MepBble MOCKOBCKHE CTaHLUMH Oblan MOCTpo-
eHbl B 1929 roay KoxyxoBckada H 1938 roay
MOOGNHHCKaA.

HanGoabvuiee pasputve B PoccvH roayynaa
OYHCTKA CTOYHbIX BO4 C Q@KTHBHBIM H(IOM,
MeHblliee - Ha 6HodHabTpax.

HHTeHCHBHOE CTPOHTENbCTBO OYHCTHBIX CO-
OpyM#eHHH pa3BepHyaoch B 60-70-¢ rogpl. H3
oblllero oxBaTa KaHanu3auuen okoao 75%
HaceneHHA YpOBeHb OYHCTKH CTOYHbIX BOA
goctrraer 90%, Ha A0ai0  6HOAOrHYECKOR
OYHCTKH MDPHXOAHMTCA nopadka 70%. [lepe-
rPYMEHHOCTb MHOIMX OYHCTHBIX  CTaHUMH,
6oabIOA MPHTOK MPOMBILUIEHHbIX CTOYHbIX
BOA He TMO3BOAARIOT AOCTHYL BO MHOIHMX
cay4yaax npoeKkTHOH 3¢p¢eKTHBHOCTH OYHCTKH.

HeoOXoaMMOCTh MOBBILEHHA  KOAHW4eCTBa
O6HoMaccht M a3poBHOCTH CHCTEMbl ofpeaenh-
1 pa3paboTKy TeXHONOrMA C IOBbILEHHbIMHA
A03aMH aKTHBHOIO Haa, (AOTAUHOHHbIM pas-
AefeHHeM HIOBOM CMeCH H HCIONb3OBaHHeM-

B3BEIEHHbIXH TNPHKPeNaeHHbIX KyIbTyp MHK- |

pPOOpraHH3MOB.

HegocTaroyHo BHMMaHHA YdeaeHO HCIOAb-
30BaHHI0 TeXHHUYECKOro Kucaopoga. OOHaae-
KHBAIOWIHE pe3yabTaTbl Moay4yeHbl MO ydane-
HHIO coeanHeHHA ¢ocdopa n azora. Meaaen-
HO pewaloTCA BONpPOChl OrpaHH4YeHHs NpHeMa
B TOpPOACKHE KaHaH3auuy MPOMbBILIEHHbIX
CTOYHbIX BOA, pa3paboTKM TeXHOMOrMA H
obopygoBaHHA AIA YTHIM3AUMH oOcadka B
KauecTBe yaoOpeHus.

AHanM3 caoXHBLIEHCA OOCTAHOBKH, OTeye-
CTBEHHOIO H 3apybeXHOro OmnbiTa CTPOHTEb-
CTBAa M H3y4eHHA BO3MOMHbLIX MyTeH (OCTH-

BIOLOGICAL TREATMENT OF SEWAGE
AND PROSPECTS OF ITS DEVELOFMENT IN
RUSSIA

Loukhinikh N.A. - academician Municipal
Academy, professor,D,Sc. (Eng.).
Municipal Water Supply & Treatment
Research Institute

ABSTRACT

In Russia biological methods of sewage
treatment have beenstudied in a way similar
to that in the US and in thetechnically de-
veloped countries of Europe. It is only the
timeof their realization that is considerably
logging behind. Investigations on activated
sludge began in 1915. By 1922data for de-
sign were obtained while first Moscow treat-
mentplants were constructed in @ 1929
(Kojuoukhovskaya) and in 1938(Liublinskaya).

In Russia sewage treatment with activated
sludge hasreceived greatest development,
while that with tricklingfilters - the least one.

Intensive construction of treatment plants
took place inthe sixties and seventies. Out of
total coverage of thecountry's population with
sewerage, which is equal to 75%, the level
of treatment now reaches 90% of which
about 70% in theshare of biological
(secondary) treatment. '

-Overload of many treatment plants and
large inflow of industrial waste water do not
allow to attain the designed treatment effect.

The necessity to increase the amount of
biomass and aerobic capacity of the systems
have determined the development of tech-
nologies using increased dosages of activated
sludge, separation of mixed liquor by flota-
tion and the use of suspended and immobi-
lized microorganisms cultures.

Insufficient attention has been given to the
use of technical oxygen.

Hopeful results have been obtained in re-
moval of phosphorus and nitrogen com-
pounds.

Slow progress marks the solution of prob-
lems, to limit access of industrial-waste water
to urban sewerage systems and to develop
technologies and equipment for utilization of
sludge as fertilizer.

Analyses of current situation of home and
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#KeHHA BBICOKOIO ad¢eKra OYHCTKH CTOMHBIX
BOA BNIOTH A0 BOCCTAHOBAEHHA KavecTBa
HCXOAHOA BOAbl, MOKa3biBaeT, YTO B POCCHH
6HOMOrN4ecKan OYHCTKAa CTOYHBIX BOA ropo-
A0B, ManbiX HaceaeHHbIX MecT H OTJenbHO
croAuux obbekroB Oyaer pasBuUBaTbCA MO
TEXHONOTMAM C aKTHBHBIM HOOM H OCOOEHHO
B COYeTaHHH C MPHKPENIEHHBbIMH Ky(IbTYpPaMH
MHKDOOPraHH3MOB, 3HayMTeqbHa poab MOC-
AeAHHX B NOBbilieHNH 3¢ PEeKTHBHOCTH Yyaa-
fieHNA M3 CTOYHBIX BOA LWIHPOKOIO ClHEeKTpa
3arpA3HedHii, B MepBYIO. o4yepedb OGHOreHHbIX
31eMeHTOB. (1A KPpyNMHbIX TOpPOAOB Heobxo-
AVMMO Da3BHBaTb TEXHOIOTHH C MpHMeHeHHeM
TexHMYeckoro kucaopoga. fpn  ob6paborke
ocadKka caedyeT CTPeMHTbCA K MaKCHMalbHOH
ero yTMan3aluH B KadectBe yaoOpeHus, npu
3TOM AnA HebonblWHX TopogoB M OTAEIbHBIX
OOBEKTOB - K pa3sBHTHIO KOMMOCTHPOBaHHA.

3TO0 MO3BOANT HaHbOdee 3KOHOMHYHO pe-
IIHTh 3angavy NIyOOKOA OYHCTKH TOPOACKHX
CTOYHBIX BO4, OTBe4valonlell BO3pacTaloiuM
Tpe6OBaHHAM K OXpaHe BOAHBIX HCTOYHHKOB
OT 3arpA3HeHNA.

foreign experience in plant construction and
in ways of attaining high treatment effect p
to reclaiming original water quality show that
in Russia biological treatment in cities, small
communities and individual households will
proceed along technologies with activated
sludge, especially in connection with immobi-
lized microorganism cultures. The role of the
latter is considerable in raising effectiveness
of removing from sewage a broad spectrum
of pollutants, in the first place - those of
biogenic elements,

In large cities it is necessary to aim at its
maximum utilization as fertilizer, using com-
post treatment for small towns and individual
households.

All this will enable to solve most economi-
cally the problem of intensive sewage treat-
ment and to comply with growing demands
for pollution control of water sources.
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PEHIEHHE BOITPOCOB BOAOINOTPEB/EHHA
[TIPH NO/TYYEHHHN H30HATOPOB
METOAAMN KAPBOHH(IMPOBAHHA

HHTPOCOEAHHEHHHA
e

MaroB-IOBeHCKHH BaaaqnMHp HabHY,
KaHaunaar XHM. Hayx

Hegpeqos bopuc KoncraHTHHOBHY, JOKTOD
XHM. HayK

HHH xumMHYecKHX cpeqCcTB 3alliHThl
pacrennd, r. MocKkBa

H3ounadaTbl BaxHble MOMYMPOAYKTbl Kpy-
NMHOTOHHAKHbIX XUMHYECKHX MPOH3BOACTB: Me-
CTHLHMIOB, (1€KAPCTBEeHHbIX MMpenaparoB H Mo-
anyperaHoB. TpaaHUHOHHblE TEXHOOOTHH [O-
(y4YeHHWA H3OLUHAHATOB OCHOBaHbl Ha nepe-
paboTKe HHTpOCOedHHeHHH H MOHOOKCHAa yr-
aepoga. OHH BKAIOYAOT WeCTb XHMHYECKHX
cTaauf: TNoayveHHe BoAOpoda H Xaopa 3ae-
KTPOAH30M  BOAHbIX  pacTBOPOB,  Karan-
THYeCKO€ TIHAPHPOBaHHe HHTPOCOSAHHEHHH
A0 aMHHOB, [oaydeHHe ¢ocreHa XaOpHpoBa-
Huem CO, noay4deHHe H3oupaHaroB ¢oc-
reHHpoBaHHeM aMHHOB, YynapaWBaHHe OCHOB-
HOro NoBOYHOro MPOAYKTA (XIOPHUCTOrO BOAO-
poga) BOAHBIMH pPacTBOpPaMH HaM BogoH. O6-
pasyloliMeca BoAHble pacTBopbl (4o 10 n Go-
lee TOHH Ha TOHHY H3oUMaHaTa) 3arpsAsHeHbl
OpraHHYeCKHMH MpUMeCAMH, [10X0 MNogaa-
IOTCA YTHAW3alMKM K oObl4HO NOCTynalT B
cTov4Hble BOAbI.

KapanHanbHbiM DelleHHeM npobaeMbl BOAO-
NOAb30BAHNA [PH  NPOHU3BOACTBE  H3OLMAaH-
arop ABIAETCA HCKAO4YeHHe BOAOpoAa M X10-
pa H3 cocraBa HCXOAHOrO CbIpbA. 3TO A0OCTH-
raerci NpAMbIM KapOOHHINPOBaHMEM HHTPO-
Coe/IMHEHH MOHOOKCHAOM yraepoga. B anpo-
TOHHOH Cpede peakUWA [poTeKaeT B OAHY
craauio. BbiXxoa aoctvraer 98%, cenek-
THBHOCTb D8%, KoHBepcha 100%. Moandnka-
LUHeA 3TOro npouecca HABAAETCHA ABYXCTa-
AWAHBIA METOA, B KOTOPOM Ha NepBOH CTadHH
B CNHPTOBOM cpeage o6pasylotca OGA0KHPo-
BaHHble CIHPTOM H30LHaHaTbhl, KOTOpble Ha
caeaylolled cragud aebAOKHPYIOTCA 40 H30-
UHaHaTOB H CIHPTOB.

Bbixod npodyKkra cocTaBbinger 99%, ce-
€KTUBHOCTb 99%, KoHBepcua 100%. [lpous-
BOAHTENbHOCTb  Kalalu3aTopoB  [OCTHraer
40000 r Ha | r nannagua B 4Yac. Bbixog ¢
TEXHOMIOTHYECKOA OnepauuH A0CTHraeTl00 Kr
npodykra Ha 1 .r nadaagua. Pacxog Bodpl
CHHKaeTCA B COTHH TbICAY pas.

SOLUTION OF WATER CONSUMPTION PROB-
LEMS WHEN PREPARING
ISOCYANATES BY NITRO COMPOUND CAR-
BONYLATION METHODS

Manov-Yuvensky Viadimir Illyich, Candidate of
Chemistry

Nefiodov Boris Constantinovich, Doctor of
Chemistry

Research Institutefor Chemical Plant Protec-
tion

Isocyanates are the important semiproducts
of large-scale chemical productions of pesti-
cides, medicinal preparations and polyure-
thanes. Traditional technologies of isocyanate
manufac- ture are based on the treatment of
nitro compounds and carbon monoxide. They
consist of six chemical stages: preparation of
hydrogen and chlorine by the electrolysis of
water solutions; catalytic hydrogenation of ni-
tro compounds yielding the amines; phosgene
preparation by the chlorination of CO; prepa-
ration of isocyanates by amine phosgenation;
elimination of the main side product
(hydrogen chloride) using water or water solu-
tion. The resulting water solutions (10 and
more t per t isocyanate) con- tain organic im-
purities, their purification is very difficult and
they are usually transfered to the sewage.

The exclusion of hydrogen and chlorine
from raw materials solves the problem of wa-
ter consumption when preparing isocya-
nates. It is reached by the direct carbonila-
tion of nitro com- pounds with carbon mon-
oxide. This reaction is proceeded in one
stage in a aprotic medium. This method is
characterized by the yield up to 98%, the
selectivity up to 98% and the conversion up
to 100%. It can be modified in a two stage
method, the first stage of which consists of
the formation of isocyanates blocked by al-
cohol (these isocyanates are further de-
blocked to give isocyanates and alcohols).
This modified method is characteri- zed by
the yield up to 99%, the selectivity up to
99%, the con- version up to 100%. The cata-
lyst productive capacity attains 40000 g per
1 g palladium per hour. The yield for a tech-
nologi- cal operation is up to 100 kg of the
product per 1 g palladium.

The water consumption is reduced by hun-
dred thousand times. Besides, the methods
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Metoapl MNpAMOro  KapGOHHNMPOBaHHA
HUTPOCOEMHEHHA MOHOOKCHAOM yraepoga pe-
WAIT ¥ ApPYrHe BaxkHble 3KOIOrHyeckHe npo-
6neMbl  NPOM3BOACTBA H30LMaHaToB, 0Oycao-
BIeHHble HCMOb30BaHHeM, nepepaboTkod H
nony4yeHueM ocresa, xaopa, BOAOpOAA, aMH-
HOB M X(IOPHCTOrO BOAOPOAA.

of the direct carbonylation of nitro com-
pounds with carbon monoxide solve other
important ecological problems arising by the
isocyanate production and causing by the
use, treatment and preparation of phosgene,
chlorine, hydrogen, amines and hydrogen
chloride,
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O4YHCTKA NTPON3BOACTBEHHDIX
CTO4HbIX BO4 B KOMBHHHPOBAHHOM
PEAKTOPE
]
Mruaenrko Foc,
Hal[HOHANBHBIH HHCTHTYT XHMHH
Tobaana, CroBeHHA

TE3NCbI

CneungpHucKaa CHHTETHYeCKada IMynbna H
NPOH3BOACTBEHHBIE CTOYHble BOAbI OyMam-
HOH NPOMBILIIEHHOCTH MNOABEPrauCch OYHCTKE
B KOMOHHHPOBAHOM aHa’pob6HOM-6eCKHCO-
poaxom-aspobrom (BHOPOC®) peaktope. CTou-
Hble BOAbl COAEpXKadH YKCYCHYIO KHCAOTY,
dypdypoa, MeraHON H KOMMYHalbHblE CTOY-
Hble BOAbl. [IpOH3BOACTBEHHbIE CTOYHblE BO-
Abl GblTK 3arpA3HeHbl OpPraHUYeCKHMH COeau-
HeHHAMH (X[TK=025-1645), xapakTepH3oBanHch
KHCAOH peakuHed cpeabl (pH=4.2 - 5.2) v 6bi-
1M He MpPHroAHbl ANA OObIYHOA OOPabOTKH C
HCNoOAbOBAHHEM AKTHBHOMO Haa.

Komb6HHHpoBaHbIH peakTop (BHOPOC®), pas-
paboranHbli ‘B HauuoHanbHoM HHCTHTYTE
(Mobaana, CnoBeHNA) Ype3BbrManHO TNPHIOAEH
Ana oO6pabOTKH TAKHX CTOYHBLIX Bod. Peakrop
COCTOHT H3 ABYX OCHOBHBbIX 4acreH. [lepsas,
HHKHAA 4acTb, aHaspobHad, ¢ AHCNEpPCHOWH
OHOMAacCOH, BTOpadA, BepXHAA 4acTb, 3arnonHe-
Ha GHOMAcCOR creungpHYecKon GopMbl H as-
prpyerca. B 3mol 4acTH aocTHraioTca 6eckuc-
AopoaAHble H adpobHble ycnoBuA. CTouHble
BO/bl NOABOAATCA B HHAKHIOIO YacTh peakTopa
C BOCXOAHALIHMM TIOTOKOM,

B aHaspobHOH 30He NPOHCXOAHT PpacllH-
fneHne OpraHHY4ecKHX coedrHHeHWH. B aspob-
HOH 30HE OCYIECTBAAETCA TMOAHOE OKHCae-
HHe OpraHH4ecKnx CoeaHHEHHH C OAHOBpeMEH-
HbIM yaaneHneMm GHOTMEHHbIX BEILECTB.

JKCMepHMEeHTbI MPOBOAHIHCH MPH ABYX Ha-
rpyskax (B =1 n 1.7 rp XITK/cyTkH) npu oaHom
H TOM e BpeMeHH npebblBaHuA (MPHOIN3H-
TebHO | CyTKH). OAHOBpeMeHHO A06aBAANOCH
pas-1MyHoe KOAHYEeCTBO OHOreHHbIX BeUleCTs.

[pHu 60nee HH3KOM ypOBHE Harpy3KH (B,=1rp
XIMK/cyTky) OblIH AOCTHTHYTBI CneayiollHe na-
pametpbl: 3¢PeKTHBHOCTb OYHCTKH COCTABH-
aa okono 98% no XIK n okono 99% no BIIK_,
CyMMapHoe ydaneHHe aszoTa Obii0 or 50 ao

INDUSTRIAL WASTEWATER TREATMENT IN

COMBINED REACTOR
P S

Milenko Ros,
National Institute of Chemistry,
Ljubljana, Slovenia

ABSTRACT

Specific synthetic’ pulp and paper industry
wastewater was treated in combined anaerobic-
anoxic-aerobic (BIOROS®) reactor. Wastewater
was composed by acetic acid, furfurol, me-
thanol, and municipal wastewater. Industrial
wastewater was polluted with organic com-
pounds (COD = 925 - 1645), it was acid
(pH = 4.2 - 5.2), and was not suitable for
conventional treatment with activated slud-
dge because of sludge bulking.

Combined reactor (BIOROS®) that was deve-
loped at National Institute of  Chemistry, -
Ljubljana, Slovenia was very suitable for
treatment of such wastewater. Reactor is made
from two main parts. The first lower part is
anaerobic part with dispersed biomass, and
the second upper part is filed up with biomass
carriers of specific shape and is aerated. In this
combined part anoxic and aerobic conditions
are achieved, Wastewater is conducted in the
bottom of reactor and is flowing up (upflow
reactor).

In the first step (anaerobic step) readily
degradable organic compounds were degra-
ded. In the second step (combined anoxic/
aerobic) complete treatment of organics was
carried out and in the same time nutrient
removal was achieved.

Experiments were carried out at two load-
nigs (B, = 1 and 1.7 g COD/l.day) at the same
hydraulic retention time (about 1 day). Also
different amount of nutrients was added.

At lower volume loading (B, = 1 g COD/l.day)
the next parameters were achieved: treatment
efficiency was about 98% according to COD
and about 99% according to BOD,, total nitro-
gen removal was from 50 to 86% accor-
ding to nitrogen concentration in the system,
and phosphorus removal was from 31 to
45% according to phosphorus concentration
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86% no OTHOWEHHI0O K KOHLEHTpalHH a3ora
B cucreme. [IpH 0Gonee BHICOKOH Harpyske
(Bv=l,7 rp XIIK/cyTKH) OBIOH AOCTHTHYTbI Cie-
Ayolle napameTpbl: 3p¢EeKTHBHOCTb O4YHCTKH
cocraBHna oKoao 70% no XIK 1 okono 74%
BIK5, cymmapHoe yaaneHne a3oTa 6110 0Kono
70%, docdopa ~ 66%.

YcranoBka 6blna npeagnoxeHa A obpa-
60TKH crienrdHUECKHX MPOMBILIAEHHbIX H ro-
POACKHX CTOYHBIX BOA Dnarogapa paznnyHbIM
MpeHMylllecTBaM TaKoro KOMOHHMPOBAHHOTO
peakTopa. PeaKTop KOMMNaKkTeH, MO3BONAET
yCTpaHHTh CrelHgHYHbIA 3anax, NpHPOCT HAa
B 2-5 pa3 MeHbllie N0 CPaBHEHHIO C CHCTEMaMH
C AKTHUBHBIM HAOM, [AOCTHTAETCA BbICOKHH
3¢ deKT yaaneHHA OpraHH4YeCKHX COeAHHHHH
¥ OHOreHHbIX BeleCTB, OH NPOCT B 3aKcmaya-
TaLH.

in the system. At higher volume loading (Bv =
1.7 g COD/lLday) the next parameters were
achieved: treatment efficiency was about 70%
according to COD and about 74% according
to BOD,, total nitrogen removal was 70%,
phosphorus removal was about 66%.

Combined reactor was proposed for muni-
cipal and specific industrial wastewater treat-
ment because of different advantages of this
combined reactor, It was compact closed rea-
ctor where odor can be controlled, the slud-
ge production was two to five times smaller
than in activated sludge systems, treatment
efficiency to organic compounds and to nut-
rients was very good, it was easy for ope-
rating, etc.

KEYWORDS

Industrial wastewater, attached biomass,
combined anaerobic-anoxic-anaerobic reactor,
BIOROS( reactor.

INTRODUCTION

Wastewater treatment is becoming one of
the most important problems in modern
industry. Microbial degradation (aerobic and
anaerobic) is mainly used in organic waste
treatment.

Organic compounds may be converted at
anaerobic digestion into methane and carbon
dioxide, in the absence of exogenous electron
acceptors such as oxygen, nitrate and sulfate,
through a complex series of microbial interac-
tions. In this process most of the chemical
energy in the starting substrate is released as
methane and may be recovered. In direct
aerobic bacterial metabolism releases most
of the original chemical energy from organic
compounds by oxidizing them to carbon dio-
xide and water. Bacterial cells are also pro-
duced in a large amount.

Traditionally, anaerobic digestion was uti-
lized almost exclusively for the stabilization
of sewage sludge. The process received little
application in the treatment of organic indust-
rial wastes due to several limitations, inclu-
ding the low achievable rates of performance,
the inability to withstand hydraulic and organic
shock loads, and poor process control. These
problems were associated with difficuities in
retaining biomass within the digester having
very long retention time (up to 50 days) (Staf-
ford et al., 1980).

There is a lot of literature about anaerobic
treatment such as studies of anaerobic fermen-
tation (Eastman et al., 1981), studies of the
microbial ecology (Hobson, and Wallace 1982),
decomposition of lignin cellulose (Sleat, and
Mah, 1987), about micro-organisms in anaerobic
treatment (Stronach et al., 1986, Chung, 1976,

- Balch et al.,, 1979, Ferguson and Mah, 1987,

Klass, 1984, Hulshoff, 1982, Wiegant and
Lettinga, 1985, Beeftink and Heuvel, 1987,
Kudo et al., 1991, Gnanadipathy and Polprasert,
[993 etc,). :

Conventional activated sludge system is
well known and described in several books
(Grady et al.,, 1980, Benefield and Randall,
1980, Eckenfelder, 1989, Imhoff, 1993).
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MATERIALS AND METHODS

Combined anaerobic-anoxic-aerobic BIOROS
(reactor) reactor, developed, constructed and
produced at the National Institute of Chemistry,
Ljubljana, Slovenia was made by transparent
PVC plastic (Fig. 1). Main parts of reactor are:
lower anaerobic part, and upper aerated part.
Lower part was constructed as intensive
anaerobic reactor, upper aerated part was fil-
led up with polyethylene rascig rings. Aera-
ted part was constructed as a fixed bed reactor,
described by different authors (Tyagy, and
Vembu, 1990, Daigger, and Buttz, 1992, Ro| et
al., 1992, Harremoes, and Wilderer, 1993, etc.)
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FIGURE 1. Scheme of BIOROS*™ (reactor)

Reactor has of two parts: lower anaerobic
part and upper combined anoxic/aerobic part.

In the anaerobic part of complex organic
compouds degrade to lower fatty acids such
as propionic, butyric, acetic acids and to
methane (Malina and Pohland, 1992).

In combined anoxic/aerobic part a lot of
biochemical processes is running parallel.
These processes can be described wih the
following simlified equations:

Direct oxidation of wastewater:

i cnzyme,
Organics + O 2™ Co, + H,0 + Energy

Cell synthesys:

Organics + NH_ + O £HE&VMES protoplasm + Energy
3 2

Endogenous respiration:

Protoplasm + O 20500, + NH, + H,O+ Energy

Nitrification:

NH,' + 2 0.7 25N0, - + 2 H* + H,O + Energy

Denitrification:

NO, - NO, > NO —N, »ON,

The volume of anaerobic part was 20% of
complete volume, the anoxic/aerobic part
had 80% of complete reactor volume. We
introduced wastewater on the bottom of the
reactor. In both parts of reactor recycles were
introduced because of reaction intensification.
Recycle ratio was 200% of inflow to approp-
riate part of reactor.

All analyses were made by Standard me-
thods (APHA, 1989), and technological para-
meters by known procedure.

RESULTS

Experiments were carried out in laboratcry
pilot plant (BIOROS™ reactor) that is shown
on the Fig. I.

For all experiments one type of pulp and
paper industry wastewater that was similar
to cellulose production wastewater (Breed
condensate diluted with some sanitary was-
tewater) was prepared. Such type -of wastewa-
ter was prepared from pure chemicals (furfu-
rol, methanol, acetic acid, ammonium chloride,
potassium phosphate, sodium carbonate),
municipal wastewater and tap water.
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Experiments were carried out in several
steps:

- adaptation of microorganisms to wastewater
- treatment of wastewater without addition
of nutrients at lower volume loading (B, was
about 1 g COD/l.day)
- treatment of wastewater without addition
of nutrients at higher volume loading (B, was
about 1.7 g COD/l.day)
~ treatment of wastewater with addition of

nutrients at lower volume loading (B, was
about 1 g COD/l.day)

Adaptation of wastewater
When reactor was constructed we begun

to introduce wastewater with the following
composition:

| acetic acid: 598 mg/l
furfurol: 109 mg/l
methanol: 60 mg/l
10% of municipal wastewater

Microorganisms were adapted to wastewa-
ter about four weeks. The adaptation was
ascertained with treatment efficiency and
with biological analysis.

First series

After adaptation systematic analyses were
carried out. The mains emphasize was given
to treatment efficiency of organic compound
and to nutrients (nitrogen and phosphorus
compounds). This series was carried out four
weeks. Analyses were made daily.

Analytical parameters are shown in Table 1.

TABLE {. Mean values, minimal and maximal values
of analytical parameters for lst series of experiments (1st-25th day)

Parameter, unit Mean value Minimal value Maximal value
Retention time, d 1.0 0.8 1.1
Temperature, °C 20.7 20.0 21.0
pH-influent 4.7 4.6 4.8
pH-effluent 7.5 6.9 7.9
COD-influent, mg/I 1027 950 1223
COD-effluent, mg/l 20 7 49
Treat. to COD, % 98.1 96.0 99.3
Bv, g COD/l.day 1.03 0.92 1.25
BODS5-influent, mgy/| 745 615 9207
BOD5-effluent, mg/l 8 4 26
Treat. to BODS, % 99.0 97.1 99.4
Bv, g BOD5/Lday 0.75 0.62 0.93
TOC-influent, mg/l 349 314 384
TOC-effluent, mg/I 9.7 7.1 14.2
Ntotal-influent, mg/l 6.77 5.00 8.84
Ntotal-effluent, mg/l 0.93 0.58 1.45
Ptotal-influent, mg/I 0.55 0.36 0.74
Ptotal-effuent, mg/! 0.38 0.11 0.70
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Second series

From 26th day to 64th day of wastewater
treatment the concentration of organics was
increased.

The new composition of wastewater was: -

acetic acid:
furfurol:

methanol:

900 mg/l
165 mg/l

90 mg/l

10% of municipal wastewater

Analytical parameters are shown in Table 2.

TABLE 2. Mean values, minimal and maximal values
of analytical parameters for 2nd series of experiments (26th—64th day)

-

Parameter, unit Mean value Minimal value Maximal value
Retention time, d 0.85 0.75 1.00
Temperature, °C 21.1 20.6 21.5
pH-influent 4.5 4.2 5.2
pH-effluent 7.2 5.2 8.0
COD-influent, mg/i 1505 1356 1643
COD-effluent, mg/I 423 204 768
Treat. to COD, % 7.7 51.1 86.2
Bv, g COD/l.day 1.74 1.54 1.93
BOD35-influent, mg/I 1085 975 1289
BOD5-effluent, mg/l 281 130 425
Treat. to BODS, % 73.8 59.9 87.3
Bv, g BOD5/l.day 1.24 1.09 1.43
TOC-influent, mg/! 496 472 536
TOC-effluent, mg/l 146 91 197
Ntotal-influent, mg/1 7.16 3.22 1143
Ntotal-effluent, mg/l 2.15 0.01 4.24
Ptotal-influent, mg/I 0.70 0.40 1.10
Ptotal-effluent, mg/I 0.24 0.11 0.45

From 65th to 98th day 5 mg/l of P and
83 mg/l of N compounds was added. After
99th day we added 42 mg/! of N, and after
101st day 25 mg/l of N was added. The addi-
tion of P compounds was all the time the same.

Analytical parameters are shown in Table 3.

Third series
After second series similar composition
to first series was introduced.

The real composition of wastewater was:

acetic acid:
furfurol:

methanol:

658 mg/!
120 mg/|

66 mg/l

10% of municipal wastewater

Besides these components nutrients (N and
P compounds were added).
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TABLE 3. Mean values, minimal and maximal values

Parameter, unit Mean value Minimal value Maximal value
Retention time, d 0.97 0.82 1.30
Temperature, °C 21.4 20.8 21.8
pH-influent 4.9 4.7 5.1
pt-effluent 7.7 7.4 7.8
COD-influent, mg/ 1022 925 1132
COD-effluent, mg/I 30 17 47
Treat. to COD, % 97.0 - 95.1 98.4
Bv, g COD/l.day 1.04 0.7 1.26
BODS-influent, mg/l 787 733 862
BODS-effluent, mg/! 7 1 13
Treat. to BODS, % 99.1 08.4 99.9
Bv, ¢ BOD5/l.day 0.81 0.53 0.96
Ptotal-influent, mg/l 4.82 3.80 5.50
Ptotal-effluent, mg/! 2.67 1.00 4.30
100
b
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FIGURE 2. Nitrogen compounds during complete experiments

The nitrogen reduction in this series of
experiments is shown on the next Figure.

DISCUSSION AND CONCLUSIONS

Synthetic wastewater similar to pulp and
paper industry was treated in the combined
anaerobic-anoxic-aerobic (BIOROS”) reactor, Three
series of experiments were carried out succes-
sively.

In the first series treatment efficiency and
nutrient removal was studied. Volume loa-
ding was about 1.0 g COD/l.day and about
0.75 g/ BOD,/l.day. The pollution parameters
of wastewater were as follows:

COD = 950 -~ 1223 mg/l,
BOD, = 615 - 907 mg/i
and

TOC = 314 - 384 mg/l
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Mean value of treatment efficiency was 98%
according to COD, 99% according to BOD,, and
97% according to TOC. Total nitrogen removal
was about 86%, total phosphorus removal was
about 31%. The concentration of nutrients was
low (Ntotal = 5.0 - 8.8 mg/l and Ptotal = 0.36
- 0.74 mg/l).

In the second series treatment efficiency and
nutrient removal at higher volume loading was
studied. Volume loading was about 1.7 g COD/
l.day and about 1.2 g/ BOD_/l.day. The pollution
parameters of wastewater were as follows:

COD = 1336 ~ 1645 mg/l,
BOD, = 975 - 1289 mg/l
and
TOC = 472 - 536 mg/l.

Mean value of treatment efficiency was 72%
according to COD, 74% according to BOD and
71% according to TOC. Total nitrogen removal
was about 70%, total phosphorus removal was
about 66%. The concentration of nutrients was
low (Ntotal = 3.2 - 11.4 mg/] and Ptotal = 0.4
- 1.1 mg/l).

In the third series similar loading as at first
series was studied. In the industrial wastewater
nutrients were added. The addition of phospho-
rus was 5 mg/l through complete third series.
The addition of nitrogen was at the beginning
of the series about 83 mg/l (as N), than 42 mg/
I and at the last days of experiment 25 mg/l
of nitrogen was added. It was found out that
the treatment efficiency was very good
(97% according to COD and 99% according to
BOD,), phosphorus removal was about 45%, the
nitrogen removal was dependent on total
nitrogen concentration. At the influent nitrogen
concentration of about 85 mg/l the treatment
efficiency was about 349%, at concentration
of 47 mg/l the treatment efficiency was about
70%, and at concentration of 22 mg/l of nitrogen
the treatment efficiency was more than 90%.

From results obtained in three series of
experiments is evident that combined reactor
is suitable for treatment of specific industrial
wastewater (acid wastes) that is not appropriate
for treatment in conventional activated sludge
systems. Treatment efficiency for relatively high

polluted wastewater is very high and nutrient
removal is high (specially for nitrogen) when
the concentration of nutrient is not too high
(less then 40 mg/l).
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HAYYHBIE, TEXHHYECKHE H
OPTAHHN3ALIHOHHBIE MPOB(IEMbI
AKOMOrMYECKON OYHCTKH CTOYHBIX BOA
H TTHTBEBON BO/IbI

Murnesny BagdqHMHp HocHITOBHY
Kananaar TexuudecKHX Hayk
Haysirno-TexrHvecknH KoorieparHs
TIO/THBTOP"

B AoKnaae paccMaTrpHBAOTCA HaydHble,
TEXHMYECKHE M OpraHn3alUHOHHble NpoOaeMbi
OYHCTKH CTOYHBIX BOA A0 CaHHUTapHBIX HOpPM,
a TaKKe JKOAornyeckoyl OYHCTKH NOBEPXHO-
CTHOH M NOA3EMHOM MHTbEBOH BOAbI, Npobae-
Mbl, C KOTOPbIMH BCTpPEYAIOTCA OpraHn3alnn
M TMpeANPHATHA, 3aHMMaloLlnecA paspaboTKoM
M BHeApeHHeM HOBbIX TeXHOMOTHH H oGopy-
AOBAHUA B HacTodllee BPEMA B POCCHH,

OrcyTcrBne rocyaapCrBeHHOH - noaaepKH
M abrOT B 3KOHOMHYECKOH H TNpOMbILIIEHHOR
chepe AnA oOpraHv3auMH H  MpPEANpHATHA,
peWaloliuX 3KoaorHyeckne Mnpobaembl OYH-
CTKM CTOYHbIX BOA TMPOMBILIICHHbIX TMpea-
NMPHATHA, & TaKXKe OYHCTKH NMHTHEBOH BOABI,
3HAYNTE/IbHO CHHXaer oObeM M Ka4ecTBO
BHeAPAEMbIX H SKCHAyaTalHio AeHCTBYIOLHX
OUYHCTHBIX COOPYZKEHHH H YCTAHOBOK.

KooneparnB ¢ MoMeHTa ero ofpasopaHns
3aHMMaAeTCA pellleHHeM 3KOOTHYECKHX Mpo6-
leM OYMHMCTKH TBepabIX, XHAKHX H ra3006-
pasHbIX BEWECTB C YTHAM3ALMeA MO1e3HbIX
KOMMOHEHTOB.

KooneparnBoM pa3paboTaHbl  OPHIMHaNDb-
Hble TEeXHOOIMH M YCTaHOBKH B TOM 4YHCaE M
MO OYHCTKE CTOYHBIX BOA H MHTHEBOM BOAbL:

- OYHCTKA KHCABIX CTOYHBIX BOA OT
TAMXeNbIX LUBETHbIX METANI0B 40 CAHHUTApHbIX
HOopM C HCIOAb30BaHHEM OYHCTHBIX
COOpyX&eHHH, paboTalolluX N0 H3BECTKOBOMY
Metoay: paspabotaHnan TeXHOMOTHA
nosponAeT npH MOGOM HCXOAHOM cCoAep-
MaHMM KOMMOHEHTOB MOy4yaThb KOHLEHTPaTbl
AR nocneqywilefl X YTHAN3ALMH, a TakKe
HCKIOYHTD obpazoBaHre OTBanbHbIX
IaaMoB;

- YCTAHOBKa Aad 3KOUIOTHYEeCKOH O4HCTKH
MUTHEBOA BOAbl H3 MNOBEPXHOCTHBIX  H(IH
noa3eMHbIX BoA B ObITOBBIX YCIOBMAX;

831

SCIENTIFIC, TECHNICAL AND
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Scientific and Technical Cooperative
‘POLIVTOR"

The report considers the scientific, tech-
‘nical and organizational problems of waste
water treatment in order to meet the sanitary
norms, as well as the ecological treatment of
surface and underground drinking water, i.e.
the problems development and introduction
of new technogies and equipment in Russia
at present.

Lack of government support and privileges
in the economic and industrial sphere for
organizations and enterprises resolving the
ecological problems of industrial waste water
treatment, as well as drinking water treatment

_considerably reduces the number and quality

of acting purifying installations and

installations being commissioned.

Since its inception the cooperative has
been engaged in resolving the ecological
problems of treatment of solid, liquid and
gas substances with utilization of useful
components,

The cooperative has developed original
technologies and designed waste water and
drinking water treatment installations:

- acid waste water purification from heavy
nonferrous metals in order to meet the
sanitary norms with the use of lime treat-
ment facilities; irrespective of the original
composition of components this technology
enables to get concentrates for their further
utilization, as well as exclude the formation
of waste slums;

- facilities for ecological treatment of sur-
face and underground drinking water, used
in" ousehold conditions;



- NepeABHMHad YCTAaHOBKAa AaA MNOAYyveHHA
APEBECHOr0 YIMA M3 OTXO4OB APEBECHHbI,
o0pas3ylolUXCA [pH  (1eCO3aroToBKax H
AepeBornepepaboTke, ¢ Leablo nocaeayo-
1LIero NoayyYeHHs akKTHBHPOBAHHOIO Yrasa Aas
OYHCTKH MHTbEBOH BOABI H CTOYHBIX BO/.

TonbKo UeneHanpabBieHHad TroOCyaapCTBeH-
Had [OAHTHKA MOAAepPKKH H CTHMYAALHH
NMPOH3BOACTBA O4YHCTHBIX COOPYKeHWA B npo-
MbIlIAGHHBIX H ObITOBBIX Macwtabax nosso-
(HT YOY4UWHTb 3KOAOTHYECKYI0 CHTYyalHio BO
MHOrMX HeOaaronoay4hbix pernoHax Poccu.
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- portable installations to recover charcoal
of timber wastes with the aim. of further
recovery of activated coal for drinking and
waste water treatment.

Only the governmental policy of support
and encouragement of treatment (facilities
production on industrial and household scale
will make it possible to improve the eco-
logical situation in many environmentally
hasardous regions of Russia.



BE3OTXOAHAA TEXHOAOTHA COPBLINOHHOH
OYHCTKH MMPOMBIBHBIX BOJ
FATbBAHHHYECKHX ITPON3BO/ACTB
C YTHUAN3ALNEN METAN1OB

Murvernro T.E., K.X.H.,
Crengep [1.B.,
Rasqobun KA., K.X.H.,
Ulesyyx E.A.,
Marxaposa H.B., K.X.H.
CIT EBpoxum», Kees,

[aabBAHHYECKHE MpOLEecChbl COTPAKEHbI
¢ obpasoBaHHeM 3HAYHTENBHONO KOMHYECTBA
CTOYHBIX BO/, 3ArpA3HEHHBIX HOHAMH L{BETHBIX
H TAXKeablX MeTadnos. [[pHuMeHAeMble B HACTO-
Allee BPEMA MeTOAbl OYHCTKH 3aKal04aloTCH
B peareHTHon 06paboTke o6beaHHEHHOro
CTOKa pa3(IMYHbIX [POLECCOB, cogepxallero
5-6 MeTannH4eCKHX KOMNOHeHTOB, OYHILEHHad
3THMH MeTOAaMN BOAA XapaKTEPH3yeTCR BbICO-
KHM conecosepsiaHHeM H . He MoXeT ObITb
NOBTOPHO HCMNOAb30BaHa 44 NPOMBIBKH JeTa-
aed. OaqHOBpeMeHHO 0Opa3yloTCA NOIHKOMIIO-
HeHTHble TOKCHYHbIE UIIaMbl, CoAepXKallive
LBETHbIE MeTannbl B BHAE MaNoOpacTBOPHMbIX
CoeqHHeHHH, obe3BpeKHBaHNe H yTHAH3ALHA
KOTOpBIX 3aTpyAHEHbI.

O4HHM W3 MyTen pelleHHA NPobremMbl ABIA-
€TCA OpraHu3alHA UEHTPANM3OBaHHOM CHCTe-
Mbl, KOTOpad MNpeaycMaTpHBaer:

- OYHCTKY TPOMBIBHBIX BOA OTORMNDb-
HbIX rabBAHHYECKHX [POLECCOB, coAep
AKallKX, Kak npaBHao, He 6onee 1-2 BHAOB
HOHOB MeTaarnoB HOHOOOMeHHbIM METOo-
AOM C HCMNOAb30BAaHHEM KOMNAKTHBIX
CMeHHbIX aacopbepoB;

- pereHepauio orpaboraHHbix ancop6e-
POB Ha CleUHanbHOM MPEANPHATHH;

— YTHAH3aUHIO MeTANN0B H3 pereHepalyoH-
HbIX PacTBOpPOB.

CmeHHble azcopbepbl yCTaHaBAHBAIOTCH
HeMnocpeaACTBEHHO HAa BAHHaX NMPOMbIBKH eTa-
1lel H MpeAcTaBNAT COO0M LHAHHAPHYECKHE
KOOHKH (aHaMetp 100 mM, Bbicota 1000 MM)
cneLHanbHOH KOHCTPYKLHH, 0becnevrBaloiiei

- BbICOKYIO NPOITyCKHYI0 CMOCOOHOCTb H NPOCTO-
Ty 3Kcnayataiuu. Aacopbepbl 3anoaHeHb! 3ana-
TEHTOBAHHOH CMeChI0 HOHOOOMEHHbIX CMOM,
NpHMeHeHHe KOTOPOH MO3BOAAET CHH3HMTh
KOHUEHTPAUHI0 HOHOB LBETHBbIX METaNoB B

WASTELESS TECHNOLOGY
FOR ION-EXCHANGE PURIFICATION OF METAL
FINISHING RINSE WATER FOLLOWED
BY METAL RECOVERY
. ]
' T. Mitchenko,
FPh.D., F. Stender,
K. RKazdobin, Fh.D.,
Ye. Schevchuk,
N, Makarova, Fh.D,
“Eurochem” JV, HKiey

Metal finishing processes are fraught with
considerable amounts of waste water contam-
inated with non-ferrous and heavy metal ions
formation. The purification methods usually
include the reagent treatment of combined
various processes discharge which containes
5-6 metal components. Such treated water, has
high salt content and cannot be reused as rinse
water, Simultaneously the polycomponent toxic
sludges which contain non-ferrous - metals
slightly soluble compounds are formed. There
is certain problem to decontaminate and utilize
the sludges.

One of the ways to solve this problem is
to organize the centralized system which
provides: '

- purification of rinse water of separate
galvanic processes containing as a rule
not more than 1-2 types of metal ions with
ion-exchange method using compact re-
placeable adsorbers;

- regeneration of used adsorbers at the
special enterprise;

~ the metals recovery from regenerant
effluents,

The replaceable adsorbers are installated on
the rinse baths and represent cylindrical
columns (diameter—100 mm, height ~ 1000 mm)
of special design which provides high capacity
and operation simplicity. The adsorbers are
filled with patented mixture of ion-exchange
resins. The mixture applying allows to decrease
the non-ferrous metal ions concetration in
the rinse water from 10-200 mg/l to sanitary
standards (Cu <0.5 mg/l, Ni <0.5 mgyl,
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NpoMbIBHBIX Bodax ¢ 10~200 mr/a A0 ypoBHH
caHuTapHbix TpeGoBanni (Cu <0.5 wMr/a,
Ni <0.5 mr/a, Zn <1 mr/a, Cd <0.005 mr/a),
HCKAIOYHTL AOTIONHHTENbHYI0 MHHEPANH3aLHIO
NPOMBIBHBIX BO/J H CKOPPEeKTHPOBATb BelHYH-
Hy pH ao 6-8. Hcnonk3yemasa cMeCb HOHHUTOB
obnanaet OydepHbIMH CBOFCTBaMH, YTO NIO3BO-
aser ogHHakoBo 3P PeKTHBHO OHHIIATL CTOY-
Hble BOALI C PA3IHYHOA KHCIOTHOCTHIO.
EMKOCT CMeCH Marlo 3aBHCHT OT CONeBOro
cocTaBa, HCXOAHOH KOHUEeHTpauuH v ¢HOpMbl
NPHCYTCTBHA META0B B OYHILIAEMOM pacTBO-
pe n cocrasader 1-1.2 r-3KkB/a. BbiCOKHe
KHHETHY4€CKHE XapaKTePHCTHKH H OCMOTHYEC-
Kaa cTabHabHOCTb HOHHTOB o06ecneYynBaloT
BO3MOXHOCTb pealH3alHy NpoLecca OYHCTKH
NpH CKOpOCTH Ao 30 M3/mM? yac.

OtpaboranHblie aacopbepbl AeMOHTHPYIOT-
Cfl, 3aMeHAIOTCA pereHepHpoBaHHbLIMH, H
HanpaBaAlOTCA Ha CheuHanH3vpoBaHHOe
npeAnpHATHe, [Ae CMona BbIFpyXKaeTcd
H3 aacopbepos M pereHephpyercd. [pouecc
pereHepallHH 3aKnio4aeTca B o6paboTke cmecH
HOHHTOB 2H, pacTBOPOM CEpHOH KHCAOTbI
H peanH3yerca B BbICOKO3(PPEKTHBHBIX HOHO-
obOMeHHbIX annapaTax C OCTOAHHBIM MPOTHBO-
TOYHBIM [BHXeHHeM ¢a3, YTO MNO3BOAAET
ofecnevnTb AOCTHXKeHHe TpebyeMOH CrerleHH
pereHepaluH HOHHTOB (>98%) npH MHHUMab-
HOM pacxoge peareHToB (He Gonee 1 obbeMma
pacTBopa KHCNOTbl Ha 1 o06beM cMmecH)
W MaKCHMaabHO BbICOKYI0O KOHLEHTpauHio
MeTannoB B oTpaboTaHHbIX pereHepaLHOHHbIX
pacrsopax (ao 1.8 r-ake/n).

Bblaenexne MeTannos U3 pereHepauHoHHbIX
pacTBOPOB OCYILECTBAAETCA B OPHIHHANbHbBIX
annapatax MeToAaMH MHTeHCHBHOTO 3/1eKTpo-
au3a B NCeBAOCKHKEHHbIX CIO0AX HHEPTHBIX
yacTHl, Gnarogapa uemy Ha Karogax obpasy-
I0TCA KOHTAKTHbIE OTI0KEHHA METANI0B BbICO-
KOro KauecTBa KaK H3 KOHLIEHTPHMPOBAaHHbIX,
TaK W U3 pazbaBieHHbIX pacTBOPOB. OcaMaeH-
Hble Ha MHEPTHbIX MOAN0KKAX MeTannbl MOryT
HCIONb30BATLCA B KAYECTBE AHOAOB B MpoLEec-
Cax ranbBaHOMOKPbITHH HNAH OTAENeHb! B BHAE
donbrn M HanpasleHbl Ha Mepenaasky.

Zn <1 mg/l, Cd <0.005 mg/l), to adjust pH
up to 6-8 excluding additional rinse water
mineralization.

The buffer properties of employed ion-

"exchange mixture permit to purify the waste

waters of various acidities. The mixture capacity
hardly depends on the salt composition, initial
concentration and metal presence form in
the rinse water and is 1-1.2 eq/l. High kinetic
characteristics and osmotic stability of
the resins provide the possibility of the
purification process realization at the rate of up
to 30 m3/m? per hour.

- Used adsorbers are dismantled, replaced
by the regenerated ones, and directed to
the specialized enterprise where the resin
is unloaded from the adsorbers and rege-
nérated.

i

The regeneration includes the resins mix-
ture treatment with 2 N sulphuric acid solution
and is implemented by the highly efficient ion-
exchange units using constant counter-current
phase motion. This allows to provide
the required resin regeneration level (>98%)
with low reagent consumption (not more than
1 volume of the acid solution per 1 volume
of the mixture) and high metal concentration in
the regenerant effluents (up to 1.8 g.-eq./l).

The metal extraction from the regenerant
effluents is carried out in the original sets using
intensive electrolysis in the inert particles
fluidized beds. As a result on the cathodes
the contact deposits of high-quality metals
are formed both from concentrated and from
diluted solutions. The metals deposited on the
inert base, can be used as anodes in the metal
finishing processes or be separated in the form
of foil and spent remelted. The method allows
to extract 95-99% of metals from the solutions,
which after electrolysis contain sulphuric acid
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MeToa nosBoaaer sbigendiTs 95-99% meran-
(10B H3 pacTBOPOB, KOTOpbIE MOCe 1EKTPO-
H3a CoAepIKAT CEPHYIO KHCIOTY H OCTAaTO4Hbie
KoaH4yecTBa Metannos (Cu— 1 mr/a, Cd - 1 mr/
a, Zn - 10 mr/a, Ni - 10 Mr/n) 1 Moryr noBTOpPHO
HCMoAb30BaThCA A1A pereHepalHH HOHHTOB.

PereHepHpoBaHHas cMeCh HOHHTOB 0Opaba-
ThIBAa€TCA PacTBOPOM MMAPOKCHAA HATpHA ANA
nepeBoga B pabouyio popMy H 3arpyxaerca B
aacopbephbi, KOTOpbie 3aTeM NOCTABNAIOTCA
norpeburenam. HoHooOGMeHHble MaTepHanbl
H obopyaoBatHe, Heo6XoAHMbIe AA CO3AAHHA
H (yHKLMOHHPOBAHHA NpeANpHATHA, pa3pabo-
TaHbl H BbINYCKAIOTCA HA YKpaHHe.

Ha ueHTpannsopaHHOM NpeanpHATHH, pac-
CYHTAHHOM Ha pereHepauHio 12500 aacopbe-
poB B roa (4ro obecne4npaer oOCAyxKHBaHHE
500 npommﬂoqnblx BaHH), MOXHO BbIAENHTD
A0 1.6 TOHH UBETHBIX MeTannoB. KanHTanbHbie
3arparbl Ha CTPOHTENLCTBO H CO34aHHEe TAKOro
NpeanpHATHA OPHEHTHPOBOYHO COCTABAT
500000 $ CIUA. CTOHMOCTL YCTAHOBKH H
3ameHbl 1 agcopbepa — 30 $ CIIA. DKOHOMH-
YecKHA 3ddekr or paboTbl npeanpHATHA
sa 1 rog cocraBur okoao 170000 $ CIUIA.

and residual amounts of metals (Cu - 1 mg/l,
Cd -1 mg/l, Zn - 10 mg/l, Ni~ 10 mg/l) and can
be reused for resins regeneration.

The regenerated mixture is treated with
sodium hydroxide solution for conversion into
operating form and loaded into the adsorbers,
which are delivered to consumers. The ion-
exchange materials and equipment needed for
creation and operation of the enterprise have
been developed and are manufactured in
Ukraine.

At the centralized enterprise rated at
the regeneration of 12500 adsorbers per year
(that provides maintenance of 500 rinse baths),
up to 1.6 tons of non-ferrous metals may
be extracted. Capital outlays for the building
and creation of such an enterprise will be as
a guide USD300000. The unit and one adsorber
maintenance cost is USD30. The economic
effect of 1 year enterprise operation is expected
to be about USD 170000.
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HCIMOb30BAHHE CTOYHLIX BO/
H KHBOTHOBOAYECKHNX CTOKOB HA
OPOWEHHNE 2dGEKTHBHOE MEPOITPNMATHE
M0 OXPAHE BO/HbIX OBBEKTOB

OT 3AT'PA3HEHHA
P

OByos /171, K.1.H4.,
Hay4HoMpoH3BOACTBEHHOE OObEqHHEHHE
110 CeNbCKOXO3AHCTBEHHOMY
HCIOAB30BaHHIo CTOYHbIX BOAg «[Iporpecc
(HI10 «/IPOIFECC)

B Hacrosulee BpeMs B PoccHitckon $enepa-
(HH OpOlIeHHEe MNOArOTOBNEHHbIMH CTOYHBIMH
BOAAMH NPOBOAMTCA Ha naoulaan okoao 200
THIC. T4, HA KOTOPLIX HCNOAb3yeTcd cBbillle 300
MAH. M3 B roa Hau 1,8% or o6beMa NpHroaHbIX
A0A OPOLIEHHA CTOKOB.

MHOromneTHHe HCCAEA0BAHHA MOKA3bIBAIOT,
YTO BO3/ICHCTBHE YeroBeKa Ha OKpYKaloLlylo
cpeqy B nocneaHre 30 aer crano NpeBbILATDb
BO3MOXXHOCTH €CTEeCTBEHHbIX $AKTOPOB, KOTO-
pble COBCeM ellle HedaBHO obecrneyHBanH dKo-
forHYecKoe paBHoBecHe B NpHpoae. [odoxe-
HHe ycyrybnaeTcA TeM, HTO 40 HACTOALLEro
BpeMeHH Honbwoe “HUCIo KPyniHbIX 0Opeanpu-
ATHH H HaceneHHbIX MYHKTOB CTpaHbl HE HMEIOT
OYHCTHBIX COOPYXEHHH, a [pHMEeHAEeMble B
HacTogllee BpeMA AOPOrocToAllHe O4YHCTHbIE
COODPYKeHHA HCKyCCTBEHHOH OHonorHuYecKom
OUHCTKH CTOYHBIX BOA H, B OCODEHHOCTH
BbICOKOKOHLUEHTPHPOBAHHbIX, TPYAHOOKHCAAE-
MbIX HaBO3HbIX CTOKOB, He obecreunBaT
O4YHCTKY, AONyCKaollylo cOpoC HX B €CTeCTBEH-
Hbie BOA0eMbl. CTeneHb OYHCTH CTOYHBIX BO/
Ha CaMbiX COBEPUIEHHBIX OYHCTHBIX COOPYAKEHH-
#AX He npepbiwiaer 90%. A €CaH y4ecTb, YTO
BOAHBLIE peCcypCbl, HaceneHWe M MpPOMbIIAEH-
Hble NpearpHATHA pacnpeaeeHsbl Ha TeppHTO-
PHH CTpaHbl HEpaBHOMEPHO, TO CTAaHOBHTCA
OYeBHAHLIM, YTO eBponenckaa yactb Poccuw,
OyaeT HCNBITBIBATL OCTPBIH HEAOCTaTOK B
YHCTOHN BOJe B CaMbli OaMKaMilMA NMepHoa, a
HEKOTOpblE paroHbl €ro HCNbITHIBAIOT YKe
cexdac,

Hay4HbiH NPOrHO3 yKa3lbLIBaeT Ha HaMeTHB-
IYI0CA TeHAEHUHIO AafbHEHIIEro yBernHieHHA
00beMOB  CTOMHBIX BOA  (KOMMYHanbHOOLITO-
BbIX, TAKENOH, NerKOH H MHILEBOH MPOMBbILL-
1I€HHOCTH, AKHBOTHOBO/YECKHX KOMIIIEKCOB H
ap.). ObbeM cOpacbiBaeMbiX CTOYHBIX BOA K
2000 rogy aocturHer 60 Km>. O6upi ofbem
HaBO3HbIX CTOKOB B POCCHH B Hacrofllee
BpeMA cocraBaser cbblile | KM>,

Mo aaHHBLIM CheLHANH3HPOBAHHBIX HHCTH-
TYTOB W OpraHH3alHf, KOaH4eCTBO 3arpasHe-
HHi (no BIIK), cogepxKalupxca B obuwux obbe-
Max BogoOTBeaeHHA B 1990 r., no 6accerHam
OCHOBHbIX peK CTpaHbl, cocrasHao: p. Boara
960 TbIC. T., p. JoH 280, p. AHenp 120 ThIC.T.

[loaToMy yBennuHBalowiHecs OObEMbl CTO-
KOB MpeACTaBIdlorT cofof MOBCEMECTHO He
TONBKO NMOTEHUHANBHYIO, HO y2Ke BIOMHE peanb-
HYIO yrpo3y 3arpA3HEHHA BOAHbBIX HCTOYHHKOB
CTpaHbl.

Mexay TeM, MHPOBLIM OIbITOM yXKe AABHO
AOKa3aHO, YTO TNpeKpauleHHe 3arpa3HeHHA
NPHPOAHBIX BOAOEMOB H BOCCTAHOBAECHHE Tep-
BOHAYabHONO KayecTBa CTOYHBIX BOJ MOXKeT
ObITL AOCTHTHYTO B pe3ynbTaTe HX AOOYHCTKH
Ha 3eMaenenbyecKHx nonax opoiuenna (3110},
nocae [MpeaBapHTENbHON OYHCTKH HA HCKYC:
CTBEHHBIX OYHCTHBIX COOPYKEHHAX,

HccnenoBaHMAMH - yCTaHOBAEHO, 4TO TMpH
crporoM cobnioaeHHH  HayMHOOGOCHOBAHHBIX
pekoMeHaauu#, pazpaborannbix HIIO «Ipo-
rpeccr, KaxaplH OpolIaeMblH MeKTap ¢ HCMOdb-
30BaHHEM CTOYHBIX BOJ M HABO3HBIX CTOKOB B
cpeaem obecnevrBaert: '

- A00YHCTKY 2...10 ThIC.M® CTOYHBIX BOA;

~ 200...500 M3 HaBO3HBLIX CTOKOB;

- ypoXaH KOPMOBbIX KyabTyp 5...10 TbiC,

KOPMOBBIX €HHHLL

B ycaoBHAX POCCHH YTHAH3ALMA CTOYHBIX
BOA H HABO3HbIX CTOKOB B OpOILIAEMOM 3EMie-
fAenud ABNAeTCA Hanboriee npaBHAbHBIM H 3¢-
(beKTHBHBIM HanpaBieHHEeM, KOTOPBIM Npeayc-
MaTpHBAETCA HAAeKHAA 3AlMUTA €CTeCTBeHHbIX
BOAHBIX PeCYpCOB CTpaHbl OT 3arpasHeHns
AKHAKHMH OTX04aMH, a TaKXKe obecneyeHHe 10-
NOAHHTEBHOrO YpOKaa KOPMOBbIX KyabTyp AnA
AafnbHeAIlero pa3BHTHA O6IECTBEHHONO K-
BOTHOBO/CTBA.

Ha orpomtHo# Teppuropun PoccHickon de-
AepauHH C ee pasHOOOPa3HbIMH NMPHPOAHOKH-
MaTH4€CKHMH 30HaMH HMEIOTCA HeorpaHH4eH-
Hble BO3MOKHOCTH palHOHAIBHO HCMONb30BATh
M paaHKanbHO AOOHYHCTHTH Gonbiline obbembi
CTOMHBIX BOA H HABO3HbIX CTOKOB.

B cHCTeMe MepONpPHATHH, HarnpaBAeHHbIX
Ha peuieHve 3agay 10 OXpaHe OKpyXKalollen
cpeab! H paUHOHANbHOMY HCIONb30BAHHIO TPH-
POAHBIX PecypcoB, 0coboe 3HaueHHe AOMMKHO
ObITh OTBEAECHO HCMONb3OBAHHIO CTOUHBIX BOA
AR OpOIEHHA.

836



[lpnMeHeHHe CTOYHBIX BOA AA OPOIIEHHA
NO3BOAET COKPATHTb A€HUHT NOAHBHOH BOABI,
PaLMOHAMLHO HCIOAB30BaTh yAOOpPHTENbHbIE
BEIUECTBa, coAepxallHecsa B HHX, AaA MOCTo-
AHHOIO NOBBLIWEHHA NAOAOPOAHA IMMOYBbLI H
YBefIHUeHHA YPOMKadA CelbCKOX03AHCTBEHHBIX
KyabTyp, a TaK#e AOCTHIHYTb BbiCOKYIO CTeNeHb
OYHCTKH CTOYHBIX BO/ MOYBEHHBIM METOAOM.

FcTecTBeHHBbIH (MOYBEHHbIH) METOA, O4YHCTKH
CTOMHBIX BOA, H HABO3HBIX CTOKOB HaHbGonee
NotitHO rapaHTHpYyeT oXpaHy MOBEPXHOCTHBIX H
NoA3eMHBIX BO/ OT 3arpA3HeHHA, METPOBbIH
CNOH no4Bbl obecnevrnBaeT OYHCTKY OT 3arpas-
HAOWHX Bewecrs Ha 95100%.

Kak nokasaan MHOroneTHHe HCCAeA0BAHHA,
OpOLUEHHE Ce(IbCKOXO3ANCTBEHHbIX YrOoAHH C
HCMONb30BAHHEM CTOYHbBIX BOA H HABO3HBIX
CTOKOB HMEET CylleCTBEHHOEe OT(IH4YHE OT OpO-
IIEHHA YHUCTOH BOAOH. ITO pa3aHyHe COCTOHT
B TOM, YTO CTOUYHbIE BOAbl H HABO3HbIE CTOKH
XapaKTepHayloTca 6onbluHM pa3sHooOpasHeM
XH-MHYeCKHX, (PH3HYECKHX CBOHCTB, OaKkTepH-
anbHOH 3arpA3HeHHOCTH. [103TOMYy HCMONb30Ba-
HHe TAKHX CTOKOB B OPOILAEMOM 3eMaeAenHH
Tpebyer NMpoBeAeHHA Hay4HbIX HCCAEAOBaHHM
no paspaboTke TeXHONOrH4YeCKHX [MpOLEeccoB,
HX TIpeABapHTENbHOH [MOAMOTOBKH H CIIOCO-
6ax BHeceHHa, obecnejvHBAIOWHX arpoMenHo-
paTHBHble H CaAHHTApHOTHIHEeHHYeCKHe Tpe-
6oBaHH. '

B cBolo oMepesp, MeKay TEXHONOMHYECKHMH
npoueccaMH OpPOLIEHHA CTOYHBIMH BOAAMH H
HAaBO3HbIMH CTOKaMH HMeeTCA TaKikKe Cyllec-
TBEHHOe pasnnyHe B crnocobax o06paboTKH,
XpaHeHHA, TPAHCNOPTNPOBaHHA, HOpMaXx, peXsH-
Max, CpoKax H crnocobax BHeCeHHA Ha MONAX,
B CpedCTBaX MexaHH3alHH H aBTOMaTH3allHH
npoteccon.

CroyHbie BOAbl MHILEBOH, MACOMOMOYHOH,
TE€KCTHAbHOH TMPOMbIILIIEHHOCTH, KaK [paBHo0,
TpebyeT TONbKO MexaHM4eCKOH OYHCTKH, N0C1e
Yero MOTYT HarpaBaATbCA Ha 3eMaeaenbyec-
KHe MoaA OpPOLIEHHA ANA A0OUYHCTKH. CTOYHbIE
BOoAbl KPYMHbIX MOPOAOB H HAceleHHbIX NyHK-
TOB TPebyloT, HapAay C MeXaHH4eCKON O4HCT-
KOH, Takxe obfA3aTenbHen HCKYCCTBEHHOH Gro-
NOTN4e€CKOH OMHCTKH. [loaTOMy mocae 3Toro
OHH MOTYT HalpabnATbCA Ha 3[10 opolieHHA
ANA LTOOYHCTKH.

CrouHble BOABI ManblX HACENEHHBIX IMyHK-
TOB MOCNe MEXaHH4YeCKOH AO0OYHCTKH MOryr
HanpaBAATbcA AnA OHONOIHHYECKOH OYHCTKH
(1 pame obe3sapamHBaHHA) B GHONOTHYECKHE
OKCHAAUHOHHbIE KOHTaKTHble CTAOHAH3ALIHOH-
Hble (BOKC) npyapl. CywHocTb MeToaa OYHCTKH

cToyHwiX Boa H BOKC npyaax COCTOHT B HH-
TeHCHHKALHH MPOLIECCOB OYHCTKH M obe3sa-
paxHBaHHA B OHOMOTMHECKHX NpyAax CeKLUHOH-
HOT'O THNA 32 CUYET NEPeBOia HX Ha KOHTAKTHBIA
pexum paborbl, a TaKkKe BBEAEHHA B CTOUHbIE
BOAbl CNelHanbHO Nogo6paHHBIX MHKPOBOAO-
pocneil H BbIIEPXKHBAHUA HX (C MOHBIM Tpe-
KpalleHHEeM [POTOYHOCTH) B TeYeHHEe HECKONb-
KHX CYTOK, B peayabTare Yero, noa AeHCTBHEM
COBOKYIMHOCTH €CTeCTBEeHHbIX PAKTOPOB H COd-
He4yHoro CcBeTa, T[POHCXOAHT AKTHBHBLIH Npo-
Hecc BHOXHMHYECKQro OKHCAEHHA H OHOMOTH-
4ecKoro obe3sapakHBaHHA.

Mo cpasHeHHIo C APYrHMH MeToAaMH Npyao-
BOH OYHCTKH CTOYHbIX BOA, 3TOT METO[ HMeeT
CylLleCTB€HHbIE NpeHMyLLUEeCTBa, [MIaBHBIMH H3
KOTOPbIX ABAAIOTCA COKpalleHHe CPOKOB O4HCT-
KH (a0 510 cyTok), BMecto 2030, a TakxKe yBe-
AHYeHHe THApPaBIHYECKON HArpy3KH T[pydoB
{c 200 ao 1000 mM3/ra).

TeXHONOrHA OYHCTKH H oOe33apaiHBaHvA
crovHbix Boa B BOKC npyaax paspaborana
CreuHanHcTaMH oObeAHHEeHHA H  3allHLLEeHa
aBTOPCKHMH CBHaeTenbcTBaMH (NN 352574,
549426, 977353). _

B cpaBHeHHH ¢ HCKYCCTBEHHBIMHA COOpYKEHH-
AMH, BOKC npyapl, npH oAHHAKOBOH NPOHU3BO-
AHTENbHOCTH 400 M3/cyT, HMewT Bonee BbLICO-
KHE T€XHHKO3SKOHOMHYECKHE MOKA3ATENH.

JTa TeXHONOrHA OYHCTKH. CTOYHBIX BOA
3KCMOHHPOBaNach Ha 3apybeKHbIX BbICTABKAX
(r.r.CnokaHe CUIA, BpHo YCCF), a Takxe Ha
BAHX CCCP. Bbian HagaHbl cneliHanbHble Peko-
MeHaaunH no ycrponcrsy BOKC npysos Ha
TEPPHTOPHH HauleH CTpaHbl.

3aKAo4HTENbHOA TEXHOIOMHYECKOHN onepa-
UHeH MO0 YTHAH3alUHH CTOYHbIX BO/ Ha Opo-
HIeHHe, ABNAETCA BO3/e/blBAHHE KOPMOBbLIX
KynbTYp H TMPOH3BO/ACTBO KOPMOB (3eneHoH
MacChl, CEHa, CeHaxka, CHI0CA, TPABAHON MYKH,
rpaHyn, OpHKeTOB). MHOroneTHHe HCCnenOBa-
HHA TOKa3alH, 4To Hanbonee OT3bIBYHBLI Ha
OpOLUEHHEe CTOYHBIMH BOJAMH: 3/1aKOBble MHO-
roneTHHe TpaBbl KocTpell 6e30CTbIH, THMOGde-
€BKa, (IHCOXBOCT (1ylrOBOH, MATIHK (IyrOBOH,
KOHOpeeYHHK TPOCTHHKOBHAHBIH, OBCAHHLA
ayropas, exa cbOopHana; 3 00DOBbIX Knepep
Genbifi, nAaBeHell porarbif, NOUEPHA CHHAA.
YpoKanHOCTb TakHX TpaB AoctTHraet 400500
L/ra 3e1eHoH Macchbl. M3 NponaluHbIX KyabTyp:
KyKypysa Ha cHaoc A0 350 u/ra, kopmoBas
cBekna ao 500 u/ra.

837



Ka4ecTBo KOpMOB, BbipallleHHbIX Ha 3[10 ¢
- HCMONb30OBAHHEM CTOYHBIX BOA, Xopoulee, Co-
AEpxaHHe npoTeHHa B CeHe MNOBbIIUAETCA Ha
20%, xupa Ha 30%, 1Mo CpaBHEHHIO C KOHTPO-
nem (NpH MOMNHBE YHCTOR BOAOH),

MMonoHTenbHbIA ONBIT HCNOML3OBAHHA CTOY-
HbIX BOJA B OPOLIJA€MOM 3eM/eAenHH HaKoMaeH
B pAge perHoHoB FoccrH. B KavyecTse nprumepa
MOKHO MPHBECTH pe3ynbTaTbl MHOMONETHHX
HCCNeAOBAHNH, MPOBEAEeHHBIX COBMECTHbLIMH
YCHNHAMK CeUHanncToB of/bedHHEeHNa H aApY-
rMX OpraHusaulHH, Nno npeaoTBpalleHHI0 HHTeH-
CHBHOMO 3arpA3HeHHs CTO4YHbIMH BOdaMH Ta-
KHMX KPYNHbIX peK CTpaHbl, Kak Boara, Axty6a
H Ypan B HHMHEM HX Te4yeHnH. bnarogaps
ATOMY CylIeCTBEHHO CHH3HNOCh M 3arpA3HeHHe
BoAbl B KacnuWickom mope.

lepeBoa KMBOTHOBOACTBA HAa MPOMbILUAEH-
HYI0 TE€XHO/IOTHIO BbI3Baa HeOGXOAHMOCTh KOH-
LeHTpaurH 600bWHX rpynn ot 2108 ThiC. CKoTa
Ha OrpaHMUEeHHOH TEPPHTOPHH H HGecrnoacTHioH-
HOTO ero CoAepaHnda B NPOH3BOACTBEHHBIX
nomelleHuax. Hanbonee cnoxnon npobnemon
Ha KpyMHbIX KHBOTHOBOAYECKHX KOMIIEKCAX
H ¢epMax MNPOMbILEHHOTO THMA oOKazanach
yOopKa XHAKOTO HaBo3a (cMecCh TBepAblX H
KHAKHX 9KCKPEMEHTOB, OCTaTKOB KOPMa TeXHO-
AOrMYeCKOH BOAbl H APYTHX BKIOYEHHH), &
TaKXe cTporoe codbaioAeHHe BeTepHHapHOCA-
HHTAPHBIX H THIMEHH4eCKHX TpeGoBaHHi C
ueablo npeaynpexaeHHa BO3HHMKHOBEHHA aMNh-
300THH. CaMbiM MPOCTLIM, MEHee TPYAOeMKHM
H HadeXHbIM B CAHHTApPHOM OTHOILEHHH, ObIn
NPU3HaH THAPOCMBIBHOH Cnoco® yaaneHHA
HaBo3a H3 [MPOH3BOACTBEHHBIX T[OMELUEHHH.
Jror cnoco6 6bl1 nNpeanokeH HTaNbAHCKOH
¢pupmon [xkndAXKH, y KOTOPOH MHHHCTEpPCTBO
cenbckoro xozsnuctea CCCP 3akynnio npo-
MblILNEHHYI0 TEXHOAOTHK) OTKOPMa MONOAHAKa
KpynHoro poratoro ckora (KPC) H CBHHen.

CTOKH oKazanuchb TPyaHOOKHCnAeMble, (1aA
HX OYHCTKH Ha CYUIEeCTBYIOLHX COOPYHKEHHAX
HCKYCCTBEHHOH OHOMOrH4YeCKOH OYHCTKH, A0
noKazartened, AOMycKawwnx cOpoc B NpUpo-
AHble BOAOEMbI, HysKHO Obl10 MHOFOKpaTHOE
npeapapuTenbHoe pazbapneHHe HX YMCTOH
BOAOH.

MaccoBoe CTPOHTENbCTBO TaKHX KOMIIERK-
CoB BONM3HM KPYMHBbIX HaCeAeHHbIX IMYHKTOB,
PacnonoeHHbIX, KaKk NpasBHO, Y BOAHbIX Gac-
CeHHOB, CO34ano Cepbe3Hylo Yrpo3y HHTEHCHB-
HOTO 3arpA3HeHHA BOAHBIX pecypcos. B pane
PErHMOHOB CTpaHbl 370 CTano CceHyac yxe
peanbHOCTbIO.

K noHcKy Hay4dHbIXx mnyTel 5¢p¢eKTHBHOR
YTHAH3ALUMH HABO3HBIX CTOKOB OT KPYNHBIX
KHBOTHOBOAYECKHX KOMMIeKcoB 6bl10 MpHB-
Ae4eHO MHOKECTBO CreLHa/IN3HPOBaHHbIX TeX-
HOIOI'MY€CKHX HHCTHTYTOB CTpaHbl. PaccMoT-
PeH pAA MpOrpaMM H HanpaBll€HHH pelieHHA
3TOA MHOrOrpaHHOH H TEXHHYECKH COKHOH
M aKTyanbHOH npobnembl. Hanbonee nprnemae-
MbIM pellleHHeM OKa3anoch HCHONb3OBaHHE
HABO3HbIX CTOKOB B CelbCKOXO2AHCTBEHHOM
NPOH3BOACTBE, HA OPOLUIEHHE KOPMOBbIX Kyb-
TYp. [lpH 2TOM OAHOBPEMEHHO AOCTHraeTcA H
BbICOKHH BOAoOXpaHHbIf ¢ dekr. OaHako,
Kak [MoKa3ana MHpPOBad NpaKTHKa, A1A HC-
Nonb30BaHHA HaBO3HbIX CTOKOB Ha OpOlUEHHE,
HeoO-XOAHMbl COOTBETCTBYIOLIHE 3eMenbHble
noowaan. BHOCHTL BBICOKHE OpOCHTElbHbIE
HOpMbI, NpeBblILAIOIIHE AOMYCTHMBIE, Henb3il,
310 HeHszbeXkHO NpHBEAET K OTPHLATENbHbIM
NoCeACTBHAM 3arpA3HeHHI0 TMOYBbl, BOAHbIX
pecypcoB, pacTeHHeBOAYECKOH MPOAYKLHH.

OpolueHHe KHBOTHOBOAYECKHMH CTOKaMH
CenbCKOXO3AACTBEHHbIX YrOAWH TONbBKO B Be-
reTalUHOHHBbIA NepHod C YHeToM MoTpebHOCTH
pacTeHHH B MHTATElbHbIX B3(EMEHTaX MNOYTH
NMOAHOCTBIO HCKAIOYAET MHIPALHIO NOCcae/HHX C
MOBEPXHOCTHBIM CTOKOM Y B I'DYHTOBbBIE BO/bl.
OaHaKo MpH 3TOM BO3HHKAET HEOOXOAHMOCTb
CTPOHTENLCTBA AOPOrOCTOALLMX HAaKOIMHTENeH
ANA XpaHeHHA OTX040B B 3MMHHH neproa. [1pH
KpyrnorooBoM OPOILIEHHH 3arpisHeHHe To-
BEPXHOCTHbIX M MOA3EMHBIX BOA YCHNHBAETCA.
A NpH BHeCeHHH BbICOKHX 403 a30Ta, 3Ha4YHTeNb-
HO MpeBbILAIOIAX MOTPeOHOCTH pacTeHHH,
BO3MOXXHO HaKOIIEHHE HUTPATOB B I'PYHTOBbIX
BO4aX H B ypoXXae Bbllle A0MyCTHMOIO YPOBHA.

CobaioaeHne arpoTeXHHYECKHX, BeTepHHAap-
HbIX, CAHHTAPHBIX Y THAPOreOIOrMYeCKHX Tpe-
60BaHHH K yCTPOWCTBY M 3KCIAYyaTaUHH OpPO- -
CHTENbHBIX CHCTEM TO3BONAET NPeAoTBPATHTD
3arpsA3HeHre TMOBEPXHOCTHBIX H MOA3EMHbIX
BOA TMpH OPOWEHHH KHBOTHOBO/AYECKHMH
CTOKaMH.

Hay4uHbIMH pabBOTHHKaMH H CrieuHanucrami
XO3AHCTB HAKOMAEH 60dblle OMBIT M0 HCHO(b-
30BaHHI0 KHBOTHOBOAYECKHX CTOKOB MPH NO-
aMpe MHoronerHnx Tpas., HccaegoBann He
TONbKO BAMAHHE A03 C Pa3AM4HON KOHLEHTpa-
UMei GHOreHHbIX 3(1EMEHTOB Ha YPOMKaHHOCTb,
KayeCTBO KOPMOB, YCTOMYHBOCTb Pa3HOro BHaa
pacreHH, HO H 2(P@EeKTHBHOCTb OYHCTKH
CTOKOB OT OHOrEeHHBIX 51e€MEeHTOB M MNaToreH-
HbIX MHKPOOPraHH3MOB,
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B (lenHHrpaackon obnacTh opolueHHe MHO-
FONEeTHHX TpaB H APYrHX KOPMOBbLIX KyabTyp
CTOKaMH AKHBOTHOBOAYECKHX KOMIIEKCOB Npo-
BOAATCA B Te4yeHHe 20 aer. YpoxKaHHOCTb
MHOIO/IETHHX TPpaB MOBbLICHAACh H COCTABHAA
KOPMOBBLIX eAuHul: 6e3 opolleHHa 3180,
NpH OpOLIeHHH YHCTOH BoAoH 4090, npH opo-
IUEHHH CTOYHbLIMH BOAAMH XHBOTHOBOAYEC-
KHX KOMIeKCcoB no 240 Kr/ra azora 8960, 300
Kr 9700, 350 10360, 420 10940, T.e, yBeanqu-
aach B 23 pasza. YpoKaHHOCTb Bo3pacrana C
yBennyeHneMm A03bl BHOCHMBIX €O CTOKAMH
NHTATeAbHbIX BEUECTB, HO A0 OMNpeAeneHHoro
npeaeana.

OnTHManbHbLIMK OKa3adHCh caeaylolune 403b
a3oTa 1no4d CelbCKOXO3AHCTBEHHbIE KYAbTypbl,
Kr/ra:

MHoroaeTHie Tpasbl 300,
KYKypy3y Ha cHnoc 120,
A4YMeHb 120240,

OnTHManbHLIMK B pa3H4HbIX paHOHaX CTpa-
Hbl H 6€30NaCHBIMH B OTHOLLIEHHH 3arpA3HEHHA
OKpyXaioleH cpeabl (OTKPbITbIX BOAOEMOB H
FPYHTOBBIX BOA) ABAAIOTCA A03bl HCMOAb3Ye-
MOro Ana yaobpeHHs cenbCKOX03AHCTBEHHBIX
KyabTyp AKraKkoro Hasosa B npeaenax 50100
mM3/ra. [pn OpolleHHH HABO3HBIMH CTOKaMH
HeoOXoAMMaA OlleHKa CAHHTAPHOrO KavecTBa
pacreHneBoAYECKOH NpOAYKLHH, BblpallHBa-
€MOH Ha NoaAx opolleHHs. MccaegosaHua no-
Ka3aauw, 4YTO MNpH BBICOKHX A03aX KHAKOro
HaBO3a B pACTEHHAX HaKalllHBae€TCA a3oT B
¢opMe HHTpaTOB, OrpaHH4YHBAETCA MOCTYNe-
HHE MHKPO3(1€MEHTOB H3 MO4Bbl, MPOHCXOAHT
HaKolleHHe H3ObITOYHOro KOMHYeCTBa Kanm,
KOTOpbIH HHTHOHpyeT NpoLecC YyCBOEHHA pac-
TeHHAMH ¢ocdopa, MarHHA, HaTpPHA, MeAaH,
KobanbTa.

B onbiTax no H3yYHYeHHIO BAHAHHA KHAKOro
HaBO3a Ha COCTOAHHE NMO4BbI H BblpaLlHBAEMbIX
KyIbTYyp yCTaHOB(I€HO, YTO da MpH BHECEHHH
BbICOKHX 103 HaBo3a Ha (POHE MHHepabHBIX
yA0OpeHHH K KOHUY BereTalHOHHOro nepHoaa
coAepKaHHe a3oTa B IOYBE CHHMKAETCA A0
YPOBHA KOHTpPOA, HU3MEHEHHA OKHCAHTENbHO-
BOCCTAHOBHTENbHBIX MPOLECCOB HE [POHCXO-
ANMT, TIO¥Ba CrnpaBaferca ¢ OaKkTepHanbHbIM
3arpAsHeHHeM.

fAnwnrensHblie HabniogeHHA NOKA3BLIBAIOT, YTO
OpOLLIEHHE 3eMebHbIX YINOAHH CTOKAMH KHBOT-
HOBOAYECKHX KOMINIEKCOB TOBKO B BereTauy-
OHHbIM MepHoA NpH COONIAEHHH pacyeTHbIX
HOpPM MO a30Ty He BegeT K 3arpasHeHHIo
NOBEPXHOCTHLIX H MOA3EMHBbIX BOA.

MHorve yuyeHble NPYUIAKM K BbIBOAY, YTO C
CAHHTAPHOTHIHEHHYECKOH TOYKH 3PEHHA MoY-
B&HHAA cpeda CrnocqgfhHa OYHCTHTB CTOYHbIE
BOAbl OT OaKTepnanbHbIX 3arpA3HEeHHA a0
99,9%. lNaroreHHble GakTepHH MOMHOCTBIO 3a-
AEPKHBAIOTCA BEPXHMM CAOEM NOYBBI H OBICTPO
noru6aior. bonee CTOHKHMH OKA3bIBAIOTCA AHL@A
renbMHHTOB, OCHOBHOE CpPeACTBO HX YyCTpaHe-
HHA OTCTaHBaHHe (reped OpOLUeHHEM).

Hay4HbIH H NPaKTHYECKHH OMNbIT KOMIIEKC-
HbIX arpoMenHoOpaTHBHBIX, arpoXHMHYECKHX,
BETEePHHAPHOCAHHTAPHQIHIHEHHYECKHX H ApY-
rHX paboT B pa3HYHBLIX NOYBEHHOKIHMATH-
YeCKHX 30Hax CTpaHbl NO3BOHA YCTAHOBHTb
BO3MOKHOCTb HCMONb30BAHHA A0A OPOILEHHA
CTOYHBIX BO4 KHAHUIHOKOMMYHaNbHOIO XoO-
3AHCTBA, NPEANpPHATHA NHIUEBOH (CAaxXxapHOH,
KpaXManbHOH H AP.) NeI'KOH MPOMbILUINEHHOCTH,
NPOH3BOACTBA MHHEPANbHbIX YAOOPeHHH, Lax-
THble W YCNOBHOYHCTbIE BOAbl HEKOTOPbIX
NPOH3BOACTB XHMHYECKOH, HedTeXHMHYECKOH,
KOKCOXHMHYECKOH TMPOMBbIILIIEHHOCTH.-

O nmepcnekTHBe HCNONb30BAHNA TOPOACKHX
CTOYHBIX BO4 Ha OpolleHHe CBHAETENbCTBYIOT
ypoxaHHble aaHHblie, YpoKaH MHOIOIETHHX
TpaB Ha 3e/leHyl0 Maccy B Cpe/HeM COCTaBnAer
350400 w/ra, KyKypy3bt Ha cinoc 250320 1/ra,
a B OTAeNbHbIX X03AACTBaX 450 U/ra, KOPMOBbIX
KopHernaoaos 300600 11/ra, B oTaebHbIE I'ObI
700800 u/ra.

OrevecTBeHHbIA M 3apyOeMHBbIH OMbIT Mo-
Ka3blBaeT, 4To LenecoabpasHo cosdaHHe Kpyn-
HbIX CrMelHalTH3HPOBAHHBIX XO3AHCTB MO Mpo-
H3BOACTBY KOPMOB Ha ©6ase HCMONb30BaHHA
ropoACKHX CTOYHbIX BOA TIOCAE COOPYMeHHH
HCKYCCTBEHHOH OHOMOTHYECKOH OYHCTKH Ha
OpouleHHe KOPMOBbIX yroauin. F'opoackHe cToY-
Hble BOAB! MOTYT MCIONb30BaThCA /A opolue-
HHA [IpeBECHOKYCTApPHHKOBbIX HaCazKAeHHH,
HanpaseHHbIX Ha CO34aHHe 3eeHbIX necomnap-

- KOBbIX 30H BOKpYr' ropogoB, fl0Cenkos, MNpo-

MBILLAEHRHBIX TMPEANPHATHH H KOMIWIEKCOB,
CO3aHHe NoNe3allHTHbIX 1€CHbIX NOA0C, BOAO-
OXPaHHbIX H NpPOTHBOIPO3HOHHbLIX MEPONpHA-
THH, CO3laHHE TMHTOMHHKOB.

[IHIeBaA NpOMbIIIAEHHOCTb OTHOCHTCA K
MaloBO/JOEMKHM OTPacaAM, B TOMXe BpPeMA B
HeH H3 15 orpacaen bigenserca 10 Hanbonee
BO/IOEMKHX: caxapHasd, NMHBO GesanKoronbHas,
BHHOAENbYECKaA, NNOAOKOHCEpPBHAA, KpaxMma-
aonatoYHas, Apoxixesada H aApyrde. Hanbonb-
iiee KONH4YeCTBO MPEANPHATHH Pacnonoxeio
B OGaccerinar pex [Henpa (13,5%), Boarw
(12,%%), Nlona (11%), Anecrpa (8,8%).
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Croutblie BoAbl 60bIUIHHCTBA NPeANPHATHHA
NMILEBOH NPOMbILICHHOCTH XapaKTepPH3YIOTCA
3HAYNTENbHOH KOHLEHTpalLHeH opraHH4Yec-
KHX H MHHepanbHbIX Bewecrs. B exeroaHom
of/beMe CTOYHBIX BOA MHIEBOH NPOMbILINEH-
HOCTH coaepXHTCA a0 1165 ThiC. T opraHu-e-
CKHX H 1817 ThiC. T MHHepanbHbiX BElECTB,
B pesynbTare 4ero CTOYHble BoAbl ObiCTpO
3arHHBAIOT H TPYAHO MOAAAIOTCA HCKYCCTBEH-
HOW OHONOrHYeCKOH OYHCTKE,

B nocneaHHe roabl €CTeCTBEHHBIA MeTOA
OMHCTKH CTOYHBIX BOA Noay4yaer Bce Honbluee
passurne. Ecan 8 1970 r. noowaab OpolLeHHA
CTOYHbIMH BOAAMH H HaBO3HbIMH CTOKaMH Yy
Hac B cTpaHe cocrasnana 90 Teic. ra, TOK 1990
r. oda Bospocna Ao 380 Tbic. ra. TeHAeHUHA
K Pa3BHTHIO OpOLIEHHA CTOYHBIMH BOAAMH
HabnlogaeTcAa TaKxKe 8 paAge 3apyberRHbIX
crpat.

Passutrie npo6GneMbl cenbCKOXO3AHCTBEH-
HOTO HCMONb30BaHMA CTOYHBIX BOA AOMNKHO
NPOXOAKTH B HANpABNEHNH AANbHENILIETO Hayye-
HHA BOMpPOCA MNOArOTOBKHM Pa3nH4HBIX BHAOB
CTOYHBIX BOA B COOTBETCTBHH C arpoMenHopa-
THBHbIMH TPeBOBAaHHAMH C LIenblo MNMOIy4YeHHsA
_YCTORYHBbIX ypOXKaeB, Ka4eCTBEHHbIX KOPMOB,
TOBbILEHHA NA0AOPOAHA MOUB.

Peiwenne npobnembl HCTONb3OBAHHA PasIH«-
HbIX BH/IOB CTO4HbIX BOA N ZKHBOTHOBOAYECKHX
CTOKOB B CE1bCKOM XO3AHCTBE ANA OpOUWEHHA
H ynobpeHHA noned Tpebyer KOMIMIEKCHOIO
noaxoaa H pacCMOTPeHHA BCeX B3aHMMOCBA3aH-
HbIX Meay COBOF OCHOBHBIX (PAKTOPOB:

SKOHOMHYECKOro noaHoe H apeKkTHB-
HO€ HCNONb30BaHHe [HTAaTelbHbIX Be-
LIECTB, coaepMKalllHXCA B CTOYHBIX BOAax
M KHBOTHOBOAYECKHX CTOKax, H arpoHo-
MHYECKHX endX Aaf MOay4YeHHA NOMHO-
LEHHbIX AellleBbIX KOPMOB;

SKOAOrHYeCKoro obecneyeHua oxpaHbl
BOAOEMOB OT 3arpA3HEeHHA CTOMHbIMH
BOAAMH H ZKHBOTHOBOAYECKHMH CTOKaMH;

COLHAMBHOrO MaKkCHMalbHOe COKpallie-
HHEe py4yHOH oMepallnH, obecneyeHHe
OnaronpuATHLIX CaHXTapPHOrHrHeHHyec-
KHX YCAOBHH W MOBbILIEHHE MPOH3BOAH-
TENbHOCTH TPyAa Ha OCHOBE BHe/APeHHs
MexaHH3aU¥H H aBTOMATH3allHH.
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OBE3BPE2KNBAHNE TEXHOMOTMYECKHX BOA
H BEHTBbIBPOCOB I1PH [TPONU3BOACTBE
ONTHYECKNX AETAIEH M3 CTEKOM
H KPHCTANOB, COAEPAAIINX TOKCHY-

HBbIE D(1EMEHTbI
A S ——

Oxaros M.A., KaH4. XHM. HayK,
Tonmaves B.A., KaHA. XHM. HayK,
TaprHoBcKasg /1.B., KaH4. TE€XH. HAayK,
Roposxra B.T., Kpoxkosa C.B.,
HayyHo-#ecreqoBarTebCcKHA

H TEeXHOAOIHYECKHH HHCTHTYT
OITTHYECKOIO MaTeEPHAI0BEAEHHA BcepoccHH-
CKOIo Hay4Horo LEeHTpa

«"OH uM.C.H.BaBHaoBar,

Adackurn b.M., JOKT. TEXH. HayK.,
Hayyrbstd eHTp JOCYqapCTBEHHBIH
HHCTHTYT IPHKI3AHOH XHMHH»,

TE3NCbI

Bonbuioft 06beM ONTHYECKHX AeTanei Haro-
TABNWBACTCA U3 ONTHYECKHX CTEKON H KpHCTaN-
(INYECKHX MATEepPHANoB, OTHOCALIMXCA K Belle-
crBam l[I-11l KnaccoB onacHocTH. CywecrByioulan
TEXHONOI'HA MeXaHH4ecKoH oOpaboTKH npe-
AYCMATpHBaeT TObKO Camble 3eMeHTaphbie
TpeboBaHHA TEXHMKH 6€30NacHOCTH W 3alH-
Thl OKpYKalOlEeH cpeabl. -

TexHonornyeckasa Boaa, obpasyiowanca npH
mexanooOpaboTke, npeacTapnaeT COBOH COMK-
HYl0O TeTepPOreHHyl0 CHCTeMYy, BKIOYalolLlyio
rpy6o M TOHKOAMCHEPCHblEe YaCTHUbI, Konno-
HAHbBIE M HCTHHHbIE PacTBOPbl AHCMEPTHPO-
BAHHOrO MaTepHana W TNpPOAYKTOB €ro pas-
IOXEHHA, 3arPA3HEHHA OT NPHMEHACMbIX BCIMO-
MorarenbHblX MaTe€pHANoB.

Hcxoaa n3 npHopurera Konnvects obpaba-
ThiBa€MbIX MaTepHanoB, Kiacca ONAaCHOCTH
HCXOAHbIX MaTepHANOB H BTOPHYHBIX COEAH-
HeHHH, oObeKTaMH nepBOOYEpeAHbIX 3aaay
HCceqoBaHHA OblnH  BbIGpPaHbI  ONMTHYECKHE
CT€Kna, coaepallive CBMHEL, KaqMH#, Teaayp,
¢rop, ¢docdop, CypbMy, repmaHHH, CcefneH,
MBILIbLAK, H KpHcranabl ¢TOPHAOB (HTHA,
MarHua, KanbUMA H GapHA, ceneHNaa H Cyab-
$raa urHKa, Tennypraa KaaMHa.

O61Hi roaoBoi o6beM 06pabOTKH TOKCHY-
HbIX ONTHYECKHX MaTEPHANOB Ha ONTHKO-MeXa-
HHYeCcKHX npeanpHaTHax Poccnn cocrasaser
A0 2500 TOHH, B TOM YHCNEe KPHCTANMHYECKHX
Ao 100 TOHH.

PURIFICATION OF PROCESS WATER
AT OFTICAL PARTS
PRODUCTION FROM GLASSES

AND CRYSTALS CONTAINING

TOXIC ELEMENTS
Lt T

Okatov M.A.,

Doctor of Chemical Sciences,
Tolmatchev V.A.,

Doctor of Chemical Sciences,
Tarmmovskaya L.V.,

Daoctor of Chemical Sciences,
Rorovina V.T.,

Krewkova S.V.,

Laskin B.M.,

Professor of Chemical Sciences.

ABSTRACT

A large volume of optical parts is produced
from opticalglasses and crystalline materials
related to lI-IIl classes of hazard. The technol-
ogy of machining in force considers only
elementary requirements of safety enginee-
ring and environmentprotection.

The process water at optical materials
machining is a complex heterogeneous system
including coarse and fine disperse particles,
colloida! and true solutions of dispersed
material, products of its decomposition and
poliutions from applied auxiliary materials.

Reasoning from the priority of machined
materials quantity, class of hazard of primary
materials and secondary compounds the fol-
lowing materials were selected as the subject
of top priority investigations: optical glasses
containing lead, cadmium, tellurium, arsenic,
antimony, germanium, selenium, fluorine, pho-
sphorus and crystals of lithium, magnesium,
calcium and barium fluorides, zinc selenide
and sulfide, cadmium telluride.

The total annual volume of toxic optical
materials machining at the optical-mecha-
nical enterprises in Russia is up to 2500
tons and up to 100 tons of crystalline ones
among them,
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AnA OoYHCTKH TEeXHONOrH4Y€CKHX BOA pa3pa-
6oTaHbl: ABYXCTAANAHBIA (PH3HKO-XHMHYECKHH
MeTOl Ha OCHOBE CeAUMEHTALIHH C NPHMeHeHH-
€M KOarynaHToB H (HOKYAAHTOB H MHKPOMH(Ib-
TpauHH Ha noaMMepax C NpPOCTPaHCTBEHHO-
raoBynsapHON CTPYKTYPOH; METO/l BbiNapHBaHHA
C MpHMeHeHHEM Meperperoro napa.

KORUEHTpALHH TOKCHYHbIX 3(1€MEHTOB B TEX~
HOMOTHYECKOH Bode A0 OYHCTKH MpEeBbILIAIOT
3HaueHHa [AK Xo3ARCTBEHHO-NMHTLEBOH BOABI
H BOAbl PbIOHbBIX BOAOEMOB Ha HECKOIbKO

NOPAAKOB, TMOCE€ OYHCTKH YAOBNETBOPAIOT
Tpebopannam 14K,
PaspaboraHbl THNOBbIe TIpOMbILINIEHHbIE

CHCTEMbl OUHCTKH TeXHONOTHYeCKHX BO/. AHa-
fIOTH4YHbIE paﬁoTbl BbITNOMHEHbI NO CHCTEMaM
OYHCTKH BEHTHAARIIHOHHbIX BblﬁpOCOB.

For process water purification the following
methods were elaborated: two-stages physical-
chemical method oh the basis of sedimenta-
tion with applying coagulants and flocculants
and micro filtration on polymers with space-
globular structure; the method of evaporation
with superheated vapor.

Concentrations of toxic elements in process
water exceed MPC for household and drinkable
water by a number of orders before purifica-
tion, after purification are correspondent to
MPS requirements.

The standardized industrial systems of
process water purification were elaborated.
Analogous works were performed for purifica-
tion of ventilation ejections.

B ontHyeckoM npHOOPOCTPOEHHH WHPOKO
HCHO{IbBleTCH OINTHYECKHE JdeTand H3 paannq-
HBIX ONTHYECKHX CTeKOa H KpncTannHHecKHX
MaTepHanos. MHorve ONTH4YeCcKHe CcTekna B
CBOEM COCTaBe CO/AepP’KaTr CBHUHel, KaiMHH,
TeNnyp, MbilllbAK, cypbMy, (rop, docdop n paa
APYrHX 3(1€MeHTOB, COE€AHHEHHA KOTOpbIX MO
CBOHM TOKCHYHbIM CBOHCTBaM,BO3AeHCTBHIO
Ha YenoBera H Opr)KalOLLLYEO cpe/:Ly OTHOCATCA
K BelectBam | ~ |l KnaccoB onacHoCTH NO
OCT 12.1.005 - 85.

M3 KpHCTannH4ecKHX MaTepHanos HCNOoNb-
3YIOTCA rafloreHnabl, cyan)n,qm, Ce{]el-l‘]ﬂlbl,

HHTpaTbl, Qocdarbl, HOAATbI, THTAHATBLI, HH-

obaTbl, TaHTanaTtbl, BObdpaMaTbl MeETarl(10B,
Pa3HYHbIE OKCH/bI, TEPMAHWH, KPEMHHH H pAA
APYrHX, MHOrHe H3 KOTOPbLIX OTHOCATCA K
Bewecream [l-lll KnaccoB onacHoOCTH.

B npouecce mexatnnueckorn obpaborku npo-
HCXO/IHT AHCTIEprHpoBaHne MaTepHanos ¢ oopa-
30BaHHEM YacTHL pa3MepoM A0 A0NeH MHKPO-
MeTpa, NpPH 3TOM Pe3Ko BO3pacTaeT HX foBepX-
HOCTHaa naowaab, XMMHYeCKaa aKTHBHOCTb H
B3aHMOAeNCTBHE ¢ BOAOH. OOpa3yloTCA Takxe
BTOPHYHbIE COEAHHEHHA B pe3yabTaTe NpoTe-
KaHHA XHMHYECKHX peaKklUHH C BelleCTBaMH,
BXOAAUWIMMH B COCTaB BCIOMOraTrenbHbIX MaTe-
pranoB, abpa3HBOB, CMA30YHO-OXNAKAAIOLINX
XKuakocrer. ITHM mnpoueccaMm cnocobersyer
Hanvine BLICOKHX TEMMEPATYp B MHKPO3OHAX
KoHTakTa ob6pabaTbiBalollero HHCTPYMeHTa C

Optical parts from various optical glasses
and crystalline materials are widely used in
optical instrument-making industry. Many of
the optical glasses containlead, cadmium,
tellurium, arsenic, antimony, fluorine, phos-
phorus and a number of other elements which
compounds are related to substances of I-I
classes of hazard according to GOST 12.1.005-85
because of their toxic properties, exposure of
man and environment,

Among crystalline materials galogenides,
sulfides, selenides, nitrates, phosphates, ioda-
tes, tantalates, wolframates of metals, various
oxides, germanium, silicon, and a number of
others are used, many of them are related to
substances of 111l class of hazard.

At machining, the materials dispersion
occurs with production of particles up to a
fractions of micrometer in size, their surface
area, chemical activity and interaction with
water rise sharply in the process. Secondary
compounds are also produced as a result of
chemical reactions with substances incorpo-
rated into auxiliary materials, abrasives and
lubricant-coolant. High temperatures in the
micro zones of working-tool contact with optical
material encourages these processes. Toxic
compaunds pollute process water and ven-
tilation ejections.
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ONTHYECKHM MaTepHanom, ToKcH4YHble coeanHe-
HHA 3arpA3HAIOT TEXHONOTHYECKYI0 BoAy H
BEHTBLIOPOCHI.

CywecTsylouias TeXHONOrHA MeXaHH4eCKOH
06paboTKH TpegycMaTpHBaeT TONbKO cCaMbie
anemeHTapHble TpeOGOBaHHA TeXHHKH Gesonac-
HOCTH H 3alUMTbhl OKpyXKawlled cpeablt. Hayy-
Hble MNMOIOKEHHA TNPOMBILIEHHOH 3KOOrHH
PHMEHHTENbHO K MexaHH4YecKon obpaborke
TEX ONTHYECKMX MATepHa1oB, KOTopble obnaaa-

10T TOKCHYHBIMH CBOHCTBAaMH, NPaKTHYECKH

He paspa60TaHbl, YTO MPHBOAHNT K HEraTHBHLIM
2KOHOMHY€CKHM H COLlHa(1bHBIM NOCNEACTBHAM.

Hcxoaa W3 npHopHTeTa Konn4ecTs obpaba-
TbIBAEMBIX MaTEpPHANOB, Kaacca ONacHOCTH
HCXOAHBbIX MarepHanoB H BTOPHYHBIX COeAH-
HeHHH, oObeKTaMH TIepBooYepeaHbIX 3aaay
nccaeqoBanni  OblaH  BbIGpaHbl  Caeaylollye
MaTepHanbl: -~ ONTHYeCKHe crekaa Td10 wu
aHanorH (ao 70% macc PbO), TBd25 (30% CdO),
CTd3 (59% TeO,), (IK1 n OKI1 (a0 14% F), 3C7
H TOK 11 (a0 74% P,0,), HKC 23,
HKC 25 n UKC 32 (S - go 35%, Sb ~ go 18%,
Ge - no 30%, Se - ao 63%, As - ao 50%, Pb
- g0 27%, Te - go 22%): - oNTH4YeCKHe
KpHCTannnyeckne Marepuaast (LiF, MgF,, CaF,,
Baf,, ZnS, Zn3e, CdTe).

O6wHi roaoBon obbem 06pabOTKH 3THX
MarepHanob Ha OMNTHKO-MeXaHH4Ye€CKHX npea-
npuATHAX Pocchr cocraBaAer go 2500 TOHH,
B TOM YHCaAe KpHUCTannH4eckux 40 100 ToHH,
npuyem ao 50 % maTrepHana npeppallaloTcA B
OTX0Abl NMpoH3BOACTBA. [lpn 06paboTrke 1 Kr
ONTHYECKOro MarepHana ucnornbayeTca 40 70 Kr
BO/AbI.

B nepHognueckon aHTepatype OTCYCTBYeT
npaMas MHOpMALIMA NO 3KOAOrMUECKHM npo-
6nemMaM MexaHH4YeCKOH 06PabOTKH TOKCHYHbBIX
OMTHYECKHX MaTepHanoB. HMelTCA CBeaeHHs,
yrTo 3a pybOeXKoM TakHe Npou3BOACTBa obec-
neveHbl 2 eKTHBHON 3KONOTHYECKOH 3awH-
TOR, K 4YeMy NpHHyXJaeT cHCTeMa OoablunX
AeHeKHBbIX WTpadoB.

Or6op npob TEXHOMNOMM4ECKHX BOA MPOBO-
AHACA npr obpaborke 0OpasloB C HCNONB3O-
BaHHeM DY4YHOH MNOAMa3KH, H3 MOMI CTAHKOB
C ABTOMHTAHHEM, H3 LEXOBbIX OTCTORHHKOB.
A3po30bHble KOMIOHEHTBI Mpod BO3AyXa B
BEHTHNALMOHHLIX KaHanax, HAYUIMX OT CTaH-
KOB, ynaBauBaauch ¢uabTpamH ADA-BII-10,
ANA TNOrMOUIEHHA ra3oB HCNONb3OBAMHCH Npo-
600TGOPHHKH PhIXTepa C COOTBETCTBKYIOWHMH
NOTIOTHTENLHBIMH pacTBOpaMH. KoaH4yecTBeH-

The technology of machining in force
considers only elementary requirements of
safety engineering and environment protec-
tion. Scientific statements of industrial eco-
logy, as applied to machining of optical mate-
rials with toxic properties, are almost not
elaborated, resulting in negative economic
and social consequences.

Reasoning from the priority of machined
materials quantity, class of hazard of primary
materials and secondary compounds the fol-
lowing materials were selected as the subject
of top priority investigations:

— optical glasses TF10 and analogous (up to
70 weight % of PbO), TBF25 (30% CdO), STF3
(59% TeQ,), LK1 and OK1 (14% F), ZS87 and

+ TFK11(up to 74% P,0,), IKS25 and IK832 (S-
up to 35%, Sb ~ up to 18%, Ge - up to 30%,
Se — up to 65%, As up to 50%, Pb- up to
27%, Te — up to 22%);

~ optical crystalline materials LiF, MgF,,
CaF,, BaF,, ZnS, ZnSe, CdTe.

The total annual volume of listed above
materials machining at the optical-mecha-
nical enterprises in Russia is up to 2500 tons
and up to 100 tons of crystalline ones among
them, during which up to 50% of materials
pass to processing waste. At machining of 1kg
of optical material 70kg of water are required.

There are no direct information in periodic
literature about ecological problems at ma-
chining of toxic optical materials. It is known
that analogous enterprises abroad are provi-
ded with an efficient ecological protection,
the system of high penalties forces to this.

The select of process water samples was
carried out at machining with manual abrasive
supply, from pumps of machines with self-
contained power supply, from process settlers.
Aerosol components of air samples from
ventilations ducts connected with machines
were collected by AFA-VP-10 filters, Reechter’s
samplers with corresponding absorbing solu-
tions were applied for gaze absorption. To de-
termine substances quantity in process water
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Hoe ofpeneneHHe BelecTs B TeXHOIOrH4e-
CKHX BOAax H BeHTBbIOpOCAX MPOBOAHIOCH
(pOTOKONOPHMETPHYECKHM, [MOTEHLHOMETPHYE-
CKHM H aTOMHO-aACOPOLIHOHHBIM METOAAMH.

lpeneabl 0OHAPYXKeHHA 3NEMEHTOB yKasaH-
HBIMH cnocobamH cocTapaaan ot 0,09 go
0,0007 MKr/ma npo6sl.

[lpeaenbHO AOMYCTHMBbIE KOHUEHTPaLHH
(MJK) 2neMeHTOB B MI'/A1 B BOAE XO3AHCTBEHHO-
MHTbEBOrO Ha3Ha4yeHHA H B BoAe PbIGHBIX
BOAOEMOB MNMpHBeaeHbl B Taba. 1.

and ventilation ejections, photocolorimetric,
potentiometric and atom-adsorption methods
were used. '

The detecting limits of elements by outli-
ned above methods were from 0.09 to
0.007 mkg/ml of sample.

The maximum permissible concentrations
(MPC) of elements in water for household-
drinking purpose and fish reservoirs are given
in Table 1.

TABIULA 1. TIIK Mr/a B Bofax X03AACTBEHHO-MMTHEBOINO HA3HAYEHNA H PhIGHBIX BOAOEMOB

‘DneMeHT ManK JneMeHT naK
XO3-MHT pbIGH XO3-TINT pbiOH
Li 0,03 0,15 Sb 0,05 -
Mg - 50 F 1,5 0.5
Ca - 180 Se 0,01 0,002
Ba 0,1 2,0 Te 0,01 0,026
n 1,0 0,01 As 0,05 0,05
Cd 0,001 0,005 P 1,2 2,6
Fb 0,03 0,1
TABLE 1. Maximum permissible concentration (MPC) for
the household and drinking purposes and fish reservoirs.
Element MPC Element MFPC
h/drink fish h/drink fish
Li 0,03 0,15 Sb 0,05 -
Mg - 50 F 1.5 0,5
Ca - 180 Se 0,01 0,002
Ba 0,1 2,0 Te 0,01 0,026
In 1,0 0,01 As’ 0,05 0,05
Cd 0,001 0,005 P 1.2 2,6
Pb 0,03 0,1

Koan4yecTBeHHbIH aHAIH3 coaepKaHUA TOK-
CHYHBIX 31EMEHTOB B TEXHONOIM4eCKOH Boae Mo~
Kasan, Ym0 MX KOHLUEHTPaUHH HAXoAATCA B fpe-
agenax or 1 go 4000 mr/a. KOHKpeTHble 3Have-
HHA KOHUEHTPALWA NpHBEAEHbI B taba, 2 u 3.

As revealed from the quantity analysis of
toxic element content in process water, their
concentrations are in the range from 1 to
4000mg/l. The concrete values of concentra-
tion are given in Tables 2 and 3.
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/1A O4HCTKH TeXHOMOTHYEeCKHX BoA OblaH
HccnenoBalbl B paspaboTahbl MeTOA (PHIHKO-
XHMHYECKOH OMHCTKH ¢ IpHMeHeHHeM (pHAbTpa-
UMM Ha MONHMEpax C NPOCTPAHCTBEHHO-TM06Y-
aapHo# crpykrypon (III'C) H MeTOA BbINapHBa-
HHA C MPHMEHEHHEM Meperperoro napa.

TexHonorMueckas poaa, 06pasyiolwanca npx
MexaHoo6paboTKe ONTHYECKHX MaTepHanoB,
npeAcTaBadeT coBOH CIOKHYIO IeTepOreHHylo
CHCTeMy, BKmioyaiolilylo rpy6o 1 ToHKoaHcnepc-
Hbie YacTHLpl, KOMIOHAHbIE H HCTHHHbIE pac-
TBOPbI AHCNEPrHPOBAHHOIO MaTepHana, Mnpo-
AYKTOB €r'0 pa3(loKeHHA, 3arpA3HeHHA OT NpH-
MeHAEeMbIX BCIIOMOrare/dbHbIX MaTepHanos.

MeTo (PH3NKO-XHMHYECKOH OYHMCTKH COCTO-
MT W3 ABYX CTaguH. B nepBOoH MpOBOAHNTCA Ae-
crabHaH3aliHA  KONNOHAHOA CHCTEMbl C M0-
MOLUbI0 KoarynaHTOB H (paoOKyaAHTOB, NMPHBO-
AfAaa K ceqrMeHTalHH YacTHL B3BECH.

Bo BTOpPOH CTagvn OCBET(CHHbIA CAOH
noasepraeTcA MHKpodHabTpauHH Ha duab-
TpoaaneMenTax H3 nonumepos [1I'C ¢ pasmMepom
nop or 0.1 ao 10 MKm.

OYHMCTKA NMPOMCXOANT KaK MyTeM NOBEPXHO-
cTHOM (DHABTPALMH, TaK H 3@ CYET MEKTPO-
CTaTHYE€CKOTO HH XHMHYECKOIo B3aHMOAEHCT-
BHA C MHKkpornoBynamu MIC-nonnmepa (06beM-
Haa pHNbTPaUnA).

Perenepauuna [I'C-nonnmepa ocyulecTBia-
eTcA obpaTHOH NMpPOAYBKOH CKaTbiM BO3AyXOM
Han 0OpaTHOH MpPOMBIBKOH (PHALTPATOM.

MeToa O4YHMCTKH TE€XHONOIHYECKOH BOAbl
BbiapHBaHHEM 3aKI04aeTCA B €& HarpeBaHHH
B HCNapHTe/le C MOMOLUBIO feperperToro napa
C nocaeayioen KoHaeHcaluHen napoBor ¢asbl.

KoHaeHcat MoxeT 6biTh HCNONb30BaH B 000-
POTHOM BOAOCHabKeHHH, a Ky6oBble OCTATKH
noAnekar yrunvsauHH HiH 3aXOpOHEHHIO.

The physical-chemical purification with
filtration on polymers with space-globular
structure (SQS) and the method of evapora-
tion with superheated vapor were investigated
and elaborated for purification of process water.

The process water at optical materials
machining is a complex heterogeneous system
including coarse and fine disperse particles,
colloidal and true solutions of dispersed
material, products of its decomposition and
pollutions from applied auxiliary materials.

The method of physical-chemical purification
in cludes two stages. At the first stage desta-
bilization of colloidal system by means of
coagulants and flocculants is carried out with se-
dimentation of suspension particles as a resulit.

At the second stage the clarified layer is
subjected to micro filtration on filter ele-
ments from SGS polymers with pore size
from 0.1 to 10 mkm.

The purification takes place due to both
surface filtration and electrostatic or chemical
interaction with micro globules of SGS poly-
mer (volume filtration). :

The SGS polymer regeneration is performed
by compressed air back-blow or back-wash of
filtrate. ‘

The essence of process water purification by
evaporation is in its heating in evaporator by
superheated vapor with following condensation
of vapor phase.

The condensate may be used in circulating
water supply and still residues are to be
reclaimed or buried.

TAB(IHLIA 2. Cocras BpeAHbIX BELIEeCTB B TEXHONOTHYE€CKOH BO/Ie
IIpH MeXaHoobpaboTKe OITTHUYECKHX CTEKO( A0 H MOC/1e OYHCTKH.

[Nokasareab OnpeaenfieMplH 30eMeHT

Pb Cd Te F F
KOHLEHTpaLMA 3(leMeHTa 16,9 96 1,66 10,8 91,6
40 OYHCTKH Mr/a
npeBblilleHHe KOHUEHTpauun (o8 560 96000 166 7 77
Hag [IK 40 O4YHCTKH pbibr 170 19000 64 22 35
KOHLEHTpaLHA 31eMeHTa rnocne <0,015 0,002 0,25 <1,0 <0,05
OYHCTKH, Mr/n
NpeBbillieHNeX03 KOHLEHTpaLKK | X03 0,5 2 25 <0,7 <0,04
Hag K nocie o4HCTKH poibn <0,15 0.4 9 <2 <0,02
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TABLE 2. Toxic substances composition in process water
at machining of optical glasses before and after purification.

[Nokasarens Element

Pb Cd Te F P
element concentration 16,9 96 1,66 10,8 91,6
before purifi cation, mg/l
concentration exceeding MPC [hous 560 96000 166 7 77
before purification fish 170 19000 64 22 35
element concentration after <0,015 0,002 0,25 <1,0 <0,05
purification, mg/I
concentration exceeding MPC l&ggﬁ 0.5 2 25 <0,7 <0,04
after purification fish <0,13 0.4 9 <2 <0,02

B Tabn. 2 npeacraBneHbl YCpeAHEHHble
pe3ynbTarbl MCCAeAOBaHHH COCTaBa BpeAHbIX
BEleCTB B LEXOBOH TEXHOMOMHYECKOH BoAe
npH MeXaHooOopaboTKe TOKCHYHBIX ONTHYE-
CKHX CTEKOl A0 H MOCAe OYHCTKH (DHIHKO-
XHMHYECKHM MeTO/0M.

[laHHbie MOKA3bIBAIOT, YTO YCpPeAHEeHHbIEe
KOHLEHTPAaUHH TOKCHYHBIX 2(1EMEHTOB B TeXHO-
10THYECKOH BOAe A0 OYHMCTKH TNpEeBbIAIOT
MK ANA XO3AHCTBEHHO-TTHTheBOH BO/AbI H BOAbI
pbi6HBIX BOAOEMOB B AECATKH H COTHH pas,
a Nno KaaMHio Ha 5 NopAAKoB. Tlocne oYHCTKH
(PHINKO-XHMHUYECKHM MEeTOAOM KOHLEHTpaLHH
TOKCHYHBIX 3(1EMEHTOB B TeXHONOIH4eCKOH
BOEe B OCHOBHOM MeHbllle 3HaveHHH K 3a
HCKIOYEeHHeM Tenaypa, Aas KoToporo Tpeby-
eTca paspaboTka AOTNOMHHTENBHOH OYHCTKH.

AHanoOrHYHble Ppe3ynbTarbl MOAYYEHbl NPH
OYHCTKE TeXHONOrHYEeCKHX BOA IPH MeXxaHo-
06paboTKe TOKCHYHbIX KpHCTalNHYECKHX Ma-
Tepranos H crekon tHna HKC, flononnurens-
Had O4YHCTKa TpeOyercd TONbKO ANA AWTHA
BCIeACTBHE BbICOKOH PacTBOPHUMOCTH ¢TOpH-
CTOro (IMTHA B BOAE.

TexHHM4YeCKHe BO3MOZKHOCTH MeToAa BbiMa-
pHBaHHA MOKa3aHbl HA NPHMEPE OMHCTKH LEXO-
BOH TEXHOIOFHYECKOH BOABI NpH MexaHoobGpa-
60TKe ceneHHaa LMHKA H TeanypHaa KagMmua.

_ PesynbTaTht npeacraBneHsl B Taba. 3.

[aHHbie NMOKA3LIBAWT, YTO yCpegHeHHble KOH-
LUeHTpalHH TOKCHYHbIX 2(1EMEHTOB B TEXHONO-
'HYECKOH Boge A0 OMHCTKH Mpesblwatwt [TAK
ANA  XO3AHCTBEHHO-MIHTHEBOH BOAbl H BO/bI
PbIGHBIX BOJOEMOB B AECATKH M COTHH pa3 3a
MCKMl0YeHHeM Tennaypa, KOTOpbiH, BHAHMO, He
nepexodMT B BOAHYl0 ¢pa3y. [locne OYHCTKH
METOAOM BbIMTAPHBAHHA KOHLIEHTPALHH TOK-
CHYHBIX 31€MeHTOB B TeXHONOrHYECKOH Bo/e

The averaged results of toxic substances
composition investigations in process water
at machining of toxic optical glasses before
and after purification by physical-chemical
method are given in Table 2.

It is evident from demonstrated data
that averaged concentrations of toxic elements
in process water exceed MPC for household
and drinkable water by a factors of ten and
hundred, in the case of cadmium - by 5 orders
before purification. After physical-chemical
purification the concentrations of toxic ele-
ments in process water are smaller than MPC
with one exception. In the case of tellurium an
additional purification elaborating is required.

Analogous results were obtained for pro-
cess water purification at machining of toxic
optical crystalline materials and glasses of
IKS group. The additional purification is
required only for lithium because of high
solubility of fluoric lithium in water.

The process potentialities of evaporation me-
thod are demonstrated by the example of process
water purification at machining of zinc selenide
and cadmium telluride (see Table 3).

It is evident from demonstrated data that
averaged concentrations of toxic elements in
process water exceed MPC for household and
drinkable water by a factors of ten and hund-
red except tellurium as it supposedly doesn’t
pass into water phase.

After purification by evaporation the concen-
trations of toxic elements in process water are
smaller than MPC. Analogous results were

846



B OCHOBHOM MeHblue [I{IK. AHamorH4Hbie pe-
3yabTatbl MoMy4YeHbl [IPH OYHCTKE TEXHONOTH-
YeCcKHX BoJ MpH MexaHoobpaborke pToOpHAOB
INTHA, MarH1s, KanbLya 1 6apua 1 crekon HKC.

obtained for process water purification at
machining of lithium, magnesium, calcium and
barium fluorides and glasses of IKS group.

TAB(TMIIA 3. Cocras Bpe/HbIX BEIUSCTB B TEXHOMOIHYECKOH Boj€e
npyn MexaHooOpaboTKe ceneHn1a IHHKA H TeAqyphaa KaaMHA A0 H NocAe O4YHCTKH.

[okasarenb Onpegenaembiyi a1eMeHT

In Se Cd Te
KOHLEHTpayna sneMeHTa 0,95 0,63 0,74 0,002
A0 OYHCTKH Mr/a
npesbllleHHe KOHLUEeHTpauuH |Xos 1 63 740 0,2
Haa [JK 40 O4HCTKH puibn 950 400 148 0,1
KOHLIEHTPALHA 3MeMeHTa nocie 0,02 0,0025 0,004 <1,0
O4YHCTKH, Mr/a
MpeBbIIEHHEX03 KOHLEHTpallH | 192 0,02 0,25 4 <0,09
Haa IJK nocne Oo4YHCTKH pbibn 2 2 1 <0,03

TABLE 3. Toxic substances composition in process water at machining
of zinc selenide and cadmium telluride before and after purification.

[oKazarenb Element

Zn Se Cd Te
element concentration 0,95 0.63 0.74 0,0023
before purifi cation, mg/l
concentration exceeding MPC |hous | 63 740 0.2
before purification fish 95 400 148 0.1
element concentration after <0,02 0,0025 0,004 <0,0009
purification, mg/l
concentration exceeding MPC | hous 0,02 0,25 4 <0,09
after purification fish 2 2 1 <0,03

MeToa BbiNApHBaHHA, HECMOTPA Ha IOBbI-
lleHHble 3Hepro3arparsl, obnagaer 6OAbIIMMH
BO3MOKHOCTAMH NPH OYHCTKE TEXHOOTHYe-
CKHX BO/l C OYeHb IHPOKHM AHAra3oHOM KOH-
LUeHTpaunH, 6onbMM HabBOpPOM TOKCHHHbBIX
3NeMEeHTOB H MOXeT ObITh peKoMeHAOBaH A(A
OYHCTKH OTHOCHTEIBHO HEBOMBILIHX KOTHYECTs
TEXHOMOTHYECKOH BOABI (5 - 10 M3 B cyTKH). [an
OYHCTKH TEXHONOTH4eCKOH BOAbl MPH MexXaHo-
06paboTKe TOKCHYHBIX OMNTHYECKHX CTeKoM,
YUHTbIBaA GOnblUHE roAOBbie 0ObeMbl HX Nepe-
paboTKH, ClielyeT HCMNOab3OBATH MpeanoKeH-
HbI (PH3IHKO-XHMHYECKHA METOoq OMHCTKH.

Evaporation method in spite of heightened
consumption of energy offers significant prob-
abilities at purification of process water
with wide range of concentrations, major set
of toxic elements and can be recommended
for purification of comparatively small volumes
of process water (5-10 m /day). For purification
of process water at machining of toxic optical
glass the suggested physical ~ chemical me-
thod is preferred because of their high an-
nual volumes.
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TexHonornMeckan orpaboTka MeTOA0B Npo-
BOAHNACh Ha AEHCTBYIOWMX (abopaTOpHbLIX
* maKeTax, Ha 6ase yero paspaboraHbl THNOBbIE
NPOMbILLIEHHbIE CHCTEMbI OYHCTKH TeXHOIorH-
YeCKHX BOf.

BbinonHeHbl Takxke paborbl No ofpegeae-
HHIO COCTaBA TOKCHYHBIX BOA B BEHTHIAUHOH-
HbIX BbIGpocax NpH 00pabOTKE TOKCHYHBIX
ONTHYeCKHX MaTepHanoB H pa3paboTaHbl CHCTe-
Mbl (PHABTPOBOH OYHCTKH.

'MCTOYHHKH

1. C60pHHK «BpeaHble XMMHYECKHE BelllecTBa»
noa pea. B.A. ®naosa, («Xumna», 1988 r.)

2. «0B0bLIeHHble NepeYHH NpeAenbHO-AOIyCTH-
MbIX KOHLEHTPALKMH BpPeaAHbIX BELIECTB B BOAE
BO/IHBIX O6BEKTOB, HCIOB3YEMbIX ANA PbIOXO-
3AHCTBEHHLIX LieneH.» (MpHIOKeHHe K MHCbMY
LCH lockomnpHpogbl PCPCP ot 09.05.90 N*
LIC-58/5-73)

3. COOpHHK METOAHK onpeaeneHHA KOHLeHTpa-
LHHA 3arpA3HAIOLLNX BeLLEeCTB B MPOMbILLIIEHHBIX
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5. TOCT 2874 - 82. Boaa nnrbepan. M'HrHeHH-
YeCKHe TpeOOBAHNA H KOHTPO/1b 32 KA4e€CTBOM.

Technological tests of these methods
were performed on laboratory operating
trial models, on which basis the typical
industrial systems of process water purifi-
cation were elaborated.

Investigations of composition determi-
nation of ventilation ejections at toxic optical
materials machining were also performed, the
systems or filter purification were elaborated.
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onpegeneHHA BpeAHbIX BeWECTB B BO3AyXe»
(1960-1988 rr.)
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YyecKHe TpeGOBaHHA H KOHTPO(b 33 KaYeCTBOM.
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BbICOKOPPEKTHBHAA TEXHONOI'MA
OYHNCTKH ATMOC®DEPHDBIX
(AOMAEBDBIE, CHEI', TA(IbIE),
MONBO-MOEYHBIX BOA N OCAKA

s

fTansaaesa [.11.,

Maannnra H.B.,

Barcgpensa B.A., K.T.H.,

Baprowmna I'11., K.T.H.,

[Taasryrnos I1.11.,

Hucruryr «MocsogokaHadliHHIIpoeKT

B Hacrosuiee BpeMa ocoOyl0 aKTyabHOCTb
npHobpeTaioT Npobnema 3auinThl H paLHOHAab-
HOTO HCIMONb3OBAHHA BOAHBIX PeCypCoB, KOTO-
pble noABepaKeHbl NOCAeACTBHAM TNpolecca
yp6aHH3aUKH H TEXHOTEHHOMY BO3AEHCTBHIO.

HcTouHHKH BoaocHaGMeHHA, K KOTOPbIM B
NepByio o4epeab OTHOCATCA PeKH H BOAOEMbI,
ABAAIOTCA TNpPHEMHHKAMH XO3AHCTBEHHO-ObITO-
BbIX H TMNpPOH3BOACTBEHHBLIX CTOYHLIX BO4, a
TaKKe MOBEPXHOCTHBIX CTOKOB, 0OpasyloIIHXCA
B pesyabrare BbiNaJeHHA aTMoCdepHbIX ocad-
KOB (CHer, A0ab) M MONHBO-MOEYHbIX pabor
npH ybopke TeppHTOPHH.

HHcratyToM «MocBogokaHaaHHHnpoekT»
pas-paboTaH H 3anaTreHTOBaH KOMINEKC Co-
opyKeHHi no c6opy H 06e3BpeKHBAHHI aTMOC-
depHbIX (A0KaeBbIe, CHEr, Taable), IOIHBO-MO-
eYHBIX CTOKOB M OCadKa, NpHYeM HOBasA
TeXHO0I'MA OCHOBaHa Ha MEXaHHYECKHX H Cop-
. BLMOHHBIX MeTo/axX, a B Ka4yecTBe COOpYMeHHH
MPHHATHI Perynupymol@as eMKocTs H (GHALTPDI
C pa3fH4HbLIMA (PHALTPYIOLINMH MaTepHanaMH.
OuHineHHble BOAbl MOIYT HCIONb30BaThCA Ha
MOAHB TEPPHTOPHH H 3eaeHbIX HacCarKACHHH,
NoAMHTKY 060POTHBIX CHCTEM, B KOTebHbIX, Ha
COOCTBEHHblE HYXKbl CTAHLUHH OYHCTKH H(H
cbpacbiBaTbCA B BOAHblE OOBEKTbl, TaK Kak
KOIHYECTBO OCTATOYHbIX 3arpA3HeHHH COOT-
BETCTBYeT TpeBOBAaHWAM, NpeabABNAEMBIM K
BoAoeMaM pbl6OXO3AHCTBEHHOrO Ha3HAYEHHA.
B npeagnaraeMon TeXHONOTHH pelleHa Npo-
GnemMa TaAHHA CHEMHOH MacChl, YTO Aaer
BO3MOKHOCTb HCMONb30BATb OYHCTHbIE COOPY-
KeHHA KpYraocyTO4HO H COKPaTHTb 3aTpaTbl
Ha ee YTHAHM3AUHIO C TEpPpPHTOPHH MpeanpHa-
ThA. BaaxHocTp ocaaka mnocae 06paboTKH
cocraBnaeT 40%, 4To coorseTcTByeT TpeboBa-
HHAM €ro TPaHCNOPTHPOBAHHA B OTKPbIThIX
aBTomMobuasx. [lnow@aas noa KOMNIekc O4H-
CTKH cocrasnaer 0.5 - 0.3 % oT naowaax
BoAochopa, a IKOHOMHA MHTbEBOH BOAbI — 100
M3/cyT. ¢ 1 ra.

TERTIARY TREATED
WASTE WATERS OFFER

AN ALTERNATIVE SOLUTION .

TO NON-DRINKING WATER SUPPLY
.. ]
Faldaeva N.F.,
Malinina V.,
Vaysfeld B.A. Cand.Sci.(Engineering),
Varushina G.P. Cand.Sci,(Engineering),
Falgunov F.F,
«MosvodokanallYllproekt»

Waste waters of different origins such
as indutrial waters, domestic sewage and
surface runoff form integrated parts of a large
city’s water balance, Since their total consump-
tion is nearly equal to that of fresh water they
can be considered as unconventional water
supply sources. -

~

The municipal waste water reuse for natu- -
ral raw water conservation as well as building
up existing water sources appears to be
particularly promising today because of both
fresh water being short in supply and new water
quality standards put into effect in Russian
Federation regulating water quality within open
water bodies and fish-farming ponds. If trea-
ted waste waters meet the fish farming pond
quality standard the designated purpose of
sewerage system can be changed by means
of waste water reuse. The reason is the total
liquid wastes flow adds to water sources, so
its utilization is likely to depend on techni-
cal capabilities and economic reasons for
conditioned water distribution to consumers.
For operation of waste water reuse facilities to
good advantage waste water treatment plants
must have suitable location within the areas
where non-drinking water is short in supply.
As to treated effluent quality at updated
municipal waste water treatment plants it has
to meet the relevant standards for fish farming
ponds.
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METO/ OLEHKH KO/IMYECTBA
TOKCHYHbIX BELIECTB,
NEPEXOJAIINX B BOAHYIO ®A3Y
C NMOBEPXHOCTH UWI/IAMOB OINTHYECKHX

CTERO(1
L

Opaosa T.Ba.,

Bl «'OH um, C.H, BasrroBay
IpHbaroBa E.B., 4.X.H.,
C.-lTerepbyprcruti
locyaapcrBeHHbIH YHHBEDCHTET
Ryaarun K .M.,

Bl «OH um. C H.BaBHaoBa»

TE3NCbI

AnA NpeANpHATHH, H3TOTABHNBAIOLHX Ha
O[IHOM H TOM e 00OpyaOBaHHH MPOAYKLHIO,
pasnoobpasHyio no obbemMam MpPOH3BOACTBA,
XHMHYECKOMY COCTaBy M TEXHOIOrHYECKHM
peXHMaM, peaynbTaTbhl MEepHOAHYECKOrO KOH-
TPONA KavecrBa CTOKOB He MOTYT HCIOb30-
BATbCA A8 OLEHKH OKHAAEMOTo MacCOBOIO
cbpoca TOKCHYHbIX BEILECTB.

" [IpUMEHHTEbHO K CTOKAM ONTHYECKHX Mpo-
H3BOACTB, OQHOH H3 NepBOOMepeAHbIX 3a1ady
ABNAETCA BblACHEHHE AHHAMHKH [OCTYMIEHHA
B BOAY TOKCHYHbIX KOMIIOHEHTOB C MOBEpPX-
HOCTH WAaMoB 06paboTKH ONTHYECKHX CTEKO!,
Pe3yapTaThl TAKOro pacyera AO(AKHbI CAYKHTL
OCHOBOH A0A pa3pabOTKH KOHKPETHBIX Mep Mo
3Ha4HTeNbHOMY CHHXKeHHIO cbpoca npH Mu-
HHManbHbIX 3aTparax.

B paboTe npeanoxen MeToa OUEHKH KOmu-
YeCTBa TOKCHYHBIX BeUIeCTB, NEpeXOAALLIHX
B BOAHYIO (pasy ¢ MOBEPXHOCTH WNAMOB 0Opa-
GOTKM ONTHYECKHX CTEKON, KOTOPbIM MO3BO-
1A€eT NPOrHo3HpPOBaTh KOHUEHTPALHIO KaXKA0Tro
KOMMOHEHTAa B 3aBHCHMOCTH OT pasMepa H
KOHUEHTPaLUHH 4acTvl CTeKna B CToKe |
ANMTENbHOCTH WX KOHTAKTA C MHAKOH ¢hazoH.

Ha ocHoBe nHTEpaTypHbIX AAHHBIX H TEXHOMO-
FHYECKOro ONbITa pa3paboTaHa rpagauys onTHYe-
CKHX CTeKON DpasiH4HbIX TpyNMn XUMHYECKOH
YCTOHYHBOCTH Fl0 CyMMapHOH KOHUEHTpaiuH
nepexoadAllyX B pacTBOpP KOMIOHEHTOB COCTaBa
M N(MHEMIHOH CKOPOCTH PACTBOPEHHA; pekoMeHao-
BaHbl KOA(M@MHUHEHTDI, YUHTbIBAOIHE OCOOeH-
HOCTH MeéXaHHu3Ma riepexoaa KOMIIOHEHTOB COCTa-
Ba CTeK/1a B MpoLiecce pacTBOpeHHa (rtHAPOH3a),

THE METHOD OF QUANTITY
ESTIMATION OF TOXIC SUBSTANCES
PASSING TO WATER PHASE
FROM THE SURFACE OF OPTICAL

GLASSES SLIMES
L

Orlova T.V., Research and Technological
Institute of Optical Materials of the Scientific
Center «8.1, Vavilov State Optical Institute»,
dribanova H.V., Frofessor of Chemical
Science, S.— Petersburg State University,
Rulagin K.M., Research and Technological
Institute of Optical Materials of the Scientific
Center «8.1. Vavilov State Optical Institute»

ABSTRACT

For enterprises manufacturing on the same
equipment a variety of products differ in volu-
me of output, chemical composition and
process conditions, the periodic testing is
unusable to estimate the expected mass dump
of toxic substances.

As regards the optical production waste
water, one of the prime problems is to clarify
the dynamics of toxic components passing to
water from the surface of slimes after optical
glasses treatment. This calculation forms a
basis for elaborating concrete precautions
aimed at considerable dump decreasing at
minimum expenses.

The presented method of quantity estimation
of toxic substances passing to water phase from
the slimes surfaces after glasses treatment
makes possible to predict each component
concentration in dependence on size and
concentration in waste water of glass particles
and duration of their contact with liquid.

On the basis of literature data and process
experience the gradation of optical glasses
various in chemical stability according to total
concentration of composition components
passing to the solution and the linear dissolu-
tion velocity is elaborated; the coefficients
considering the peculiarities of glass composi-
tion components passing mechanism during
dissolution (hydrolysis) are suggested.
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B Agoknaae tipriBeaeHbl pe3yabTaThl pacyera
NPUPOCTa KOHLEHTpalK nprMecerd B KHAKOH
¢daze AnsA WIAMOB ONTHYECKHX CTEKON pasandy-
HOH [HCNEPCHOCTH.

[IpoBeaenHbIe HCCNEAOBAHYA NOKA3BIBAIOT,
4YTQ JaXe OTHOCHTENbHO KparKoBpPEeMEHHbIH
KOHTAKT YaCTHL ONTHYECKHX CTEKOA C BOOH
MOZKET NMPHBOANTDL K MOABAEHHIO B HER TOKCHY-
HbIX TIpHMeCeH B KOAH4eCTBE, KOTOpoe COoMnoc-
TaBHMO C npegenbHo AonycrumbiM (TIAK).

B HacToslee BpeMA XOpOLIO H3BECTHO, 4TO
BCE CHAHKATHbIE CTeKna B KOHTaKTe C BOAOH
He TOAbKO MOABEPraloTCA PHAPOIH3Y, HO TaK
e, KaK H NpHpoaHble KpeMHe3eMbl, obnagaior
H3MEPHMOH pacTBOPHMOCTbIO B BOAe. [ToaTomy
B NPOMBILIIEHHbIX CTOKAX, COACPKAIIHX LaMbl
CHHKATHBIX CTEKO, AOMKHbI COAEPKATHCA TOK-
CHYHbIE NMPHMECH, BXOAALKE B COCTaB CreKna.

XrvMHYecKaa YCTOHYMBOCTD ONTHYECKHX
CTeKOn K AeHCTBHIO Baard H KHC/IOT B ONTHYe-
CKOA TNPOMBIILAEHHOCTH ONpeaendaeTcs CKo-
POCTbIO TIOABNEHNA HA WX NOBEPXHOCTH HHTEP-
(pepeHUMOHHBIX MATEH HAH HHBIX CAeA0B
pa3pylleHHAa. DKChepHMeHTanbHble JaHHbIE,
CBA3BIBAIOLIHE 3TOT MapaMeTp C XHMHYECKH-
MH H3MeHEeHHAMH MOBEPXHOCTHOIO COA CTeK-
na, B OTPACH OTCYTCTBYIOT. [10aTOMYy paspaboTka
MeToda OUeHKH KOaH4ecTBa TOKCHYHBIX Be-
ILECTB, NepeXoAdllix B BOAHYylo ¢asy C rnosep-
XHOCTH WnamMoB 0OpabOTKH ONTHHYECKHX CTeKo,
6blna BbINOMAHEHA HAMH HAa OCHOBE OMyOaHKO-
BAHHBIX PE3y/IbTATOB HCCAEAOBAHHA NPOLIECCOB
pacTBOPeHHA CTEKOn ApYroro Ha3Ha4eHHA.

MexaHH3M BO3AeHCTBHA BO/bl Ha NoBep-
XHOCTb CTeKna geranbHo cdopMynrposaH B
paborax Honbuye, Besbopogosa, Knapka, Xor-
nanaa, JJlopemyca U APYrux aBTopoB. OTMEYEHO,
YTO KONHYECTBO MNepexoqalinx B pacTBop
BEILECTB OMNpeaeqnAioT, raBHbIM 0OpasoM, ABa
npolecca: pacTBOpeHHe H Bblllena4ynBaHHe.

Henbitanna crekon pasnuyHoro cocTasa
noKasarid, 4YTO BCE OHH SHEPTUYHO B3AHMOAEH-
CTBYIOT C BOAOW, OAHAKO 60nblllad CKOPOCTbH
peakunr HabnogaeTcs NHllb B HA4yane B3au-
MOAEHCTBHA, 3aTeM OHa NnocreneHHo 3ameans-
ercd. [IpHYHHOH TaKoro 3aMe/(leHHA ABAACTCA
obpazoBaHHe Ha TOBEPXHOCTH CTeKna CIod,
oborauleHHOro BoAo# H 06eAHEeHHOro Leaoy-
HbIMH MeTaadaMH. 3ITOT CIOH, COCTOAILHH
rnaBHpiM 06pa3oM M3 CTeknoobpasopaTend,
HECMOTPA Ha HE3HAYHTEAbHYIO CBOIO TOAUIHHY,
CH(IbHO 3aTpyaHaeT AN ¢y3HIO KarHOHOB, CKo-
pOCTb ganbHeHWero B3aHMOAEHCTBHA CTeKaa ¢

The results of calculation of impurities
concentration increasing in the liquid phase
for slimes of glasses with various dispersity
are presented in the report.

The performed investigations demonstrate
that even short contact of glass particles
with water can cause the appearance of toxic
impurities in it in amounts correlating
with maximum permissible concentration (MPC).

Presently, it is well known that all silica
glasses while contacting with water are not
only subjected to hydrolysis, but as well as
nature silica have measurable solubility. That
is why, there are toxic impurities in the
industrial waste water containing silica glas-
ses slimes.

The chemical stability of optical glasses
to moisture and acids attack is determined
by velocity of interference spots or another
traces of destruction appearance on their
surfaces. There are no experimental data
associating this parameter with chemical
changes in glass surface layer. That’s why
the method of quantity estimation of toxic
substances passing to water from the slimes
surfaces after optical glasses treatment was
elaborated on the basis of published investiga-
tions of dissolution of another types of glasses.

The water reaction with glass surface is
determined in details in the orks of Scholze,
Bezborodow, Clark, Holland, Doremus and
other authors. It has been pointed out that
the substances quantity passing into solution
is determined primarily by two processes:
dissolution and leaching.

From testing of glasses various in compo-
sition we can see that all of them interact
vigorously with water, but the reaction velocity
is high only at the beginning, thereafter it
moderates gradually. This moderation is a
result of appearing of the layer on the glass
surface, which is enriched with water and
depleted in alkaline metals. This layer consis-
ting mainly of glassformer in spite of nonsig-
nificant thickness makes the cation diffusion
much more hard. The velocity of further glass
interaction with water is determined by the
dissolution velocity of this protective surface
layer (SL). By Besborodow’s data the SL
thickness for the majority of stable glasses
is within 100 - 700 nm, and the mass is about
5mg/m? after one minute water effect.
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BOAOH OMNpeaenAeTcA CKOPOCTbIO paCTBOPEHHA
3TON0 3aLHTHONO NOBEPXHOCTHOrO CA0A (danee
- MIC).Toaumna TNC aAna 6GoAbLIHHCTBA YCTOH-
YHBBIX CTeKon MO JaHHbiM Besbopogosa
HaxoaurTca B npeaenax 100-700 HM, a Macca
COCTaBaAeT ~5 Mr/M? Nocae MHHYTHOrO AeH-
CTBHA BOABI,

[lnA AOCTATOYHO YCTOHYMBBIX CHAHKATHbIX
CTEKON CKOPOCTh BblLENaYHBAHHA 3HAUHTENb-
no Gonelie ckopocTH pacrsopenusa IC, caea-
CTBHEM Yero ApaAeTcA NOBbILEHHOE CofepXKa-
HHEe LenoYHbIX MeTannoB B MNpoayKTax
pacTBOpPEHHs CTeKl1a B CPaBHEHHH C ero
XHMHYECKNM CcocTaBoM MccneaoBannA HaTpHe-
BOCHIHKATHBIX CTEKON, nposeaetiHbie Besbopo-
AOBBIM, MOKA3A(H, YTO M0Ce B3aHMOAEHCTBHA
BO/AbI CO CTEK/I0M B Te4Y€HHe Yaca COOTHOLIEeHHe
Na,0/8i0, B pactBope Obino B ~1,4 pasa
Oonbliue CcTeXHOMeTpH4YecKoro. Yepes 3 4aca
3TO COOTHOllleHHe yMeHb-UIHNoCh Ao ~ 1,1,
MocToAHHAA CKOPOCTh BbilLENAYNBAHNA YCTa-
HaBanBanach ~ 3a 10 uacoB. CogepxaHue
TPYAHOPACTBOPHMbIX KOMITIOHEHTOB, HaNpHMep,
ALLO, B npoAyKTax pacTBOPeHHA 00bIYHO
MeHbllle, YeM B CTeKne.

XHMHYECKYI0 YCTOHYHBOCTb CTEKO MOMKHO
BbIPa3HTb Kak CyMMapHoe KOAM4YeCTBC pac-
TBOPHMbIX KOMIIOHEHTOB, KOTOpOE Yalle Bcero
onpeaensloT no obUIEH MoTepe MacChl CTeKna
( T@aK HasbiBaeMbIH «3€PHOBOH METOd» WM ero
pa3sHOBHAHOCTH). PesynbTarsl HCCIEAOBAHHA pa—
CTBOPHMOCTH CT€KON TNPH KOMHaTHOHM TeMrie-
paType B aWTepatype OTCYTCTBYIOT, NOITOMy
OLEHKa MpeaedbHbIX BeNHYHH BO3MOXKHOIO
coaepXKaHHA B BOAE KOMIIOHEHTOB CTeKna B
pe3ynbTare ero paCTBOPeHHA NPOH3BOAHAachk No
notepe MacChl CTEKO NPH KHIMAYEHHH B BOJE.

Kak caeayer M3 AAHHbIX, NMPHBEAEHHBIX B
paborax Dab-lllamn, Metepca, [enoysa, DHca,
BesbopogoBa, {lumOnebn, Kuceaa H Apyrux
HccneaoBaTeneH, A CHAHKATHBIX CTeKon pas-

For stable enough silica glasses the
leaching velocity is significantly far higher than
the SL dissolution one, which causes the
heightened alkaline metals content in the
products of glass dissolution in' comparison
with glass chemical composition. The Besbo-
rodow’s investigations of sodium silica glasses
revealgd that after one hour water interaction
with glass the ratio Na,0/Si0, in a solution
was about ~1.4 times higher than stoichiomet-
rical one. After 3 hours the ratio was decreased
up to ~1.1. After - ~10 hours leaching velocity
became constant. The slightly soluble compo-
nents (a.g. AlLO,) content in the products of
dissolution is usually lower than in glass.

The chemical stability of glasses can be
expressed as total amount of soluble”compo-
nents, which is more commonly determined
from the general loss of glass mass (so called
«grain method» or its variants). The glass
solubility data at room temperature are absent
in literature, so the estimation of limiting
values of possible glass components content
in water as a resuit of glass dissolution was
held according to loss of glass mass if boiled
in water.

As is evident from the works of El-Shamy,
Peters, Pellouze, Enss, Besborodow, Dimbleby,
Kisel and other researches, for silica glasses
of various composition the total content of
dissolved substances (Q) if boiled in water is
varying within 2- 3000 mg/l and only for sodium
multiboron glass (40% Si0,, 20% Na,0, 40%
B,0,) is as high as 10000 mg/l. The value of
Q is varying in the range of 2-20 mg/l
for multicomponent chemical stable glasses.
This is the value which was accepted as the
limit of solubility for optical silica glasses
distinguished by their high chemical stability.
The next ranges of Q values was accepted
for groups differ in chemical stability:

TABLE 1. The total concentration of substances
passing into solution for glasses of various chemical stability.

Groups of chemical stability (to acid)

1 2 3 4 5 6

Total concentration of solutes (Q),mg/l

2-5 5-20 | 20-50 | 50-200 [200~-500| >500

To estimate the content in water of different components for the glass under consideration
we can use the following equation: Q, = Q -y, - b, (1),

where: Q, - the limiting concentration of i- component in water, mg/l,
y, - mass fraction for i- component in glass,
b, - coefficient equal to the ratio between mole fractions in solution

and in glass correspondingly.
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(IM4HOTO COCTaBa CyMMapHoOe cogepKaHHe pac-
TBOPEHHBIX BELLECTB NMPH KHNAYEHHH B BOAE
(Q) Konebnerca B npegenax 2-3000 Mr/a u
TONBKO B OQHOM cay4ae — A0A HarpHeBOro
MHorobopHoro crekna (40% Si0,, 20% Na,O,
40% B,0,)- gocturaer 10000 mr/a. [Ana MHO-
NOKOMIOHEHTHbIX XHMH4Y€CKH YCTOHYHBBIX CTe-
Kon BennvHHa Q KonebnercA B rpeaeaax
2-20 Mr/a. dta BenAH4HHa H Oblna NPHHATa HaMH
B KaveCTBe Ipeaena pacTBOPHMOCTH AflA ONTH-
YeCKHX CHOHKATHBIX CTEKO, OTIHYalolnXCA
BbICOKOH XHMHYECKOH YCTOH4YHBOCTbIO. [lna
pa3AHYHbIX T'PYNI XHMHYECKOH YCTOHYHBOCTH
6binM NPHHATBI CaeaylolilMe HHTepBadbl 3Ha-
YyeHHH Q:

~ According to mechanism of glass interac-
tion with water we can accept the values b,
for different components of glass composi-
tion (Tabl. 2).

To estimate the dynamics of toxic substan-
ces releasing from glass into water, we can use
the following data of Scholze. For the most
unstable sodalime glasses the solubility is
4.0 mkg/sm?, The dissolution velocity of quartz
glass at pH=8.5 is 1.6 mg/lhour. When
investigating the dissolution velocity for differ-
ent silica fibers in the flowing liquid simulating
the liquid in lungs,it was found that for all
studied silica glasses (fibers) the linear velocity
of dissolution is in the range of 0.2- 3.5 nm/day.

TAB(INLIA 1. CymMapHas KOHLEHTPALHA NepexoqaiHX
B PacTBOP BellECTB A CTeKO( Pasan4HOH XHMHYECKOH YCTOHYHBOCTH.

I'pynnbl XHMHYeCKOH YCTOHYHBOCTH 1 2 3 4 5 6
(K KHCAOTE)

CyMMapHaA KOHLEHTpauuda pacTBOpPeH- 2-5 5-20 | 20-50 [50-200 {200-500 | >500
HbIX BeleCTB (Q), Mr/a

AnfA oleHKH coaepXKaHHA B BOAE PA3HYHbIX KOMIOHEHTOB pacCMaTpHBAEMOro CreKkaa
MOKHO BOCMONL30BATLCA Cheayowen dopmyqon: Q, = Q -y, - b, (1)

rae

Q, - npedenbHas KOHUEHTpALMA I-KOMMOHEHTa B BOAE,

Y, - MaccoBas AonA FKOMNOHEHTA B CTeKne,
b, ~ KOa¢pPpHIUHEHT, paBHbIH OTHOLIEHHI0 MACCOBLIX AONeH KOMMOHEHTa
]

B pacTBope H B CTeKIe.

B cooTBeTcTBHH ¢ MexaHH3MOM B3aHMOAEH-
CTBHA CTeKOa C BOAOH, MOMHO MPHHATb
cneayloliHe BenryuHHbl b, AaA pasHbIX KOMIMO-
HEeHTOB COCTaBa CTeK/a:

TAB(INLIA 2. Pacnpegeaerne OCHOBHBIX

We can assume that for optical silica glasses
from groups of various chemical stability the
linear dissolution velocity (I} is within:

KOMIIOHEHTOB CTEKO( MO BeaninHe KoodpHimerra b,

b, OCHOBHbIE KOMNOHEHTbI COCTaBa CTeKaa

0,5 AL O,, TiO,, ZrO,, Nb,0,

1,0 5i0,, BaO, ZnO, CdO, PbO, Ca0, MgoO, F, P,0,
1.5 Na,O, K,0, Li,O0

[nA OLEHKH AHHAMHKH BblaeNeHnAs B BOAY
TOKCHYHbIX BELIECTB M3 CTEKON MOXHO BOC-
Nonb3OBaThCA CAeAYIOLHMH AaHHbIMK Lloabue.
[aAa CaMbiX HEyCTOMYMBBLIX HaTpHeBOKanb-
LUMEBBIX CTEKON PAaCTBOPHMOCTh COCTABIAET
4,0 mkr/cM2. CKOPOCTb PacTBOPeHHMA KBapiie-
Boro crekna np pH = 8,5 cocrasaser 1,6 mr/
ayvac. [Ipy necnenoBaHnH CKOPOCTH pacreope-
HHA Pa3HYHbIX CHAHKATHBIX BOAOKOH B TeKY-

WeH KHAKOCTH, MOAEeNHpYIOLEeH XKHAKOCTb B
nerkux, Obino obHApYXeHO, YTO A BCeX
H3Y4eHHbIX CHHKATHbIX CTEKO/I (BOIOKOH) CKO-
POCTb pacTBOpeHHA (IHHerHaA) HaxoaHuTCA B
npegenax 0,2 - 3,5 HM/CYyTKH. MOKHO MPHHATD,
YTO A0 ONTHYECKHX CHAMKATHBIX CTeKon
pas3HbiX rpynn Nno XHMHWYECKOH yCTOHYHBOCTH
nnHerHana CKOpoCTk pacTpopetns (1) Haxoantca
B npeaenax:
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TABLE 2. The distribution of basic glass components by b, value.

b, Basic glass components

0,5 AL 0, TiO,, ZrO,, b0,

1,0 8i0,, BaO, Zn0O, CdO, PbO, CaO, MgoO, F, PO,
1.5 Na,O, K,O0, Li,0

TAB(IMLA 3. (InHeHHaA CKOPOCTh PACTBOPEHHA
A0A CTEKO PA3MHYHON XHMHYECKOH YCTOHYHBOCTH.

Ipynnbl XvM. YCTOMYHBOCTH (K KHCAOTE) 1 2 3 4 5 6
I, HM/CYTKH 012 ( 0,18 | 0,24 | 0,48 | 0,72 | 1,20
Torgaa npHpoCT KOHLEHTPaUMH AaHHOTO KOMMoHeHTa B BoAe 3a Bpema t (q) Moxer 6bITh
pacyHTaH no gopmyne: q=1-t-8 ~d-y b m/V(2)

M q=1-t-8 -d-y b -c(3

rie S T YaeabHaA NOBEPXHOCTb NOpoLIKa CTeKna, cM?,
d ~ nooTHOCTL CTeKna, r/cM?,
y, - MaccoBas A0a#A i~ KOMIOHEHTa B CTeKae,
t — AAHTENbHOCTb HAXOMAECHHA [MOPOLIKa CTeKaa B BOfe,uac,
b, - Koadduumenr, pasybiit 0,5, 1,0, 1,5 B saBHcHMoCTH OT
KOMIIOHEHTa,
m - Macca ropoiika cTekna, Mr,
V - obbeM Bogapl, 1,
C - KOHLEHTpauHA B3BelIeHHbIX 4YaCTHL B CTOKe, Mr/m,.

TABLE 3. The linear dissolution velocity
for glasses with various chemical stability.

Groups of chemical stability (to acid) 1 2 3 4 5 6

I, nm/day 0,12 0,18 0124' 0,48 | 0,72 | 1,20

Then the concentration increasing of given component at time t (q) can be calculated from

the equation: q|=l-t-Ssp-d-y,*bl'm/V(Z)
orq=1-t-8_ -d y-b c(3),

where: S - specific surface of glass powder, sm?,

d - glass density, g/sm?,

y, ~ mass fraction of glass i- component,

t - the duration of glass powder stay in water, hour
b, - coefficient equal to 0.5, 1.0, 1.5..in

dependence on the component (see Table 2),

m - mass of glass powder, mg
v — water volume, |
¢ - concentration of suspended particles in waste

water, mg/I.

[loBepXHOCTb 3epeH MHHEHHO CBA3aHa C HX The particles surface is linearly dependent
paamepoM, noaromy ¢opmyaa (2) moxer GbITh | on their sizes, so the Equation 4 can be pre-
npeacrasietHa B BHAE: sented as:
q;=025 -c-t-1/D (4), rae | ~ annefHaa | q, = 0.25-c 't -1/ D (4), where: | ~ linear

CKOPOCTb PacTBOPEHHA CTeKna, 3aBHUCAUaA or | velocity of glass dissolution, which.is depend-
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rpynnbl XHMHYECKOH YCTOHYMHBOCTH CTeKa
(no Tab. 3), HM/CYTKH, D — xapaKTepHbIA pasMep
YacTHI] CTeKaa, CM.

HapecTHO, YTO pacTBOPHMOCTH KBapla H
cnarkaros B obnactd pH 3-9 Mano 3aBHCHT OT
pH, a pH MNPOMBIIIEHHBIX CTOKOB OOBIMHO
HaxoauTcA B Mnpedenax 6-8. [loatoMy npea-
CTaBIAETCA AOIMYCTHMBbIM HCNONb3OBaTh AaH-
Hble N0 B3aHMOAENCTBHIO CTEKOA C BOAOH AR
NpOrHo3HpoBaHHA NepexoAa TOKCHYHBIX MpH-
MeceHl C [MOBEpPXHOCTH 4acCTHLl ONTHYECKHX
CTeKOn B CTOYHYI0 BoAy. PedynwTarbl pacyera
NpHpocTa KOHLEHTPALHH NpHMECceH B KHAKOH
¢aze c NOPEPXHOCTH MOPOLIKOB ONTHYECKHX
CTeKo NPH PA3HYHOM pasMepe YacTHI| NprBe-
Aenbl B Tabanue 4.

ent on group of chemical stability, nm/day (see
TABLE 3) D - average patticles size, sm.

It is known that quartz and silica solubility
in the range of pH 3-9 is slightly dependent
on pH value, and pH of industrial waste water
is usually within 6-8. So the data of glass
interaction with water seems to be acceptable
to predict the toxic impurities passing from
particles surface of optical glasses into waste -
water, The calculations of impurities concen-
tration increasing in the liquid phase from
the glasses powders_ at various size of particles
are given in TABLE 4.

TAB(IHLIA 4. PesyabraThl pacuera KOHYECTBa HAHOO(€E TOKCHYHBIX BEIECTB, Nepexons-
IHX B BO/IHYI0 a3y ¢ MOBEPXHOCTH LIMIAMOB OIFTHYECKHX CTeKOd.

Mapka | (TuH. |[una- | [IpHpOCT KOHUEHTpALHH NMpHMecen B BOAHOH ¢aze
CTeK- |CKOp.|MeTp | Npn KOHUeHTpauuH TBepaoH ¢dasbl 100 mr/a no
na ™ |pac- |4ac- |[KOMIIOHEHTaM COCTaBa CTeKaa, Mr/adac
TBO- | THU,
peH. | MKM As O, BaO Cdo PbO : F
HM/
CMYT.

1 K8 1012 1 1-1103 8103 - - -
(1) 10 . 1-10-° 8:10¢ - - -
K3 10.48 | 1 3107 - - - 1.3103
4) 10 310° - - - 1.3107*
TK14 }0.72| 1 910~ 8103 - - ~
(5) 10 9106 810* - - -
TK21 | 048] 1 3107 5.6:10 - - -

(4) 10 310 5.6:107* - - -

CTK16|0.48 | 1 ~ - 2.1.107% - ~
(4) 10 - - 2,110 - -
o4 [0.18 | 1 2107 - - 2.2-1073 -

(2) 10 2:10°¢ - - 2.2-10* -
Td4 048 1 1.2:10* - - 7.6:1073 -
(4) 10 1.2:107 - - 7.610* -
TBdl | 0.24) 1 - 1.8:107 2.210* - -
(3) 10 - 1.8:10* 221107 - -
Bb25] 0.48( 1 2:10° 21073 ~ 2103 -
(4) 10 2:10¢ . 2107 - 210 -
od4 | 1.20] 1 - - - 1.1-1072 -
(6) 10 - - - 1.1-110-3 -
OK1 |[0.48] 1 Lo 4,810 - - 2.4102
(4) 10 - 4.810* - - 2,410

X) - B CkoOKax MpHBeAeHa rpynia XHMHYECKON YCTOMYHBOCTH

CTEKAa K KHCOTE.

855



TABLE 4. The results of quantity calculations of the most
toxic substances passing to the liquid from slimes surface.

Glass | Lin. | Par- Impurities concentration increase in liquid
type |dis- | ticl phase for toxic components at solid phase
silu- [diam concentration 100mg/l, mg/l-hour
tion
velo- mcm| As,O, BaO CdO FbO F
city
nm/d,
K8 (012 1 1-102 810° ~ - -
(1) 10 1-10°¢ 810-° - - -
LK3 (0.48 | 1 3107 - - - 1.5-10-3
4) 10 310° - - - 1.3:107*
TK14 |0.72| 1 9-10° 810~ - - -
(5) 10 9-10-¢ 810 - - -
TK21{0.48| 1 3107° 5.6-103 - - -
(4) 10 310 5.610* - - -
STK16{0.48 | 1 - - 2.1'103 - -
(4) 10 - - 2.1-10% - -
F4 |0.18 | 1 2:10 - - 2,2:103 -
(2) 10 210 - - 2.2:10* -
TF4 [0.48 | 1 1.2:10™ - - 7.6:1073 -
(4) 10 1.2:10-3 - - 7.6:10* -
TBF1 [0.24 | 1 - 1.8-1073 2.2:10* - -
(3) 10 - 1.810* 2.2:107° - -
BF25 {0.48 | 1 2:107° 2103 - 2103 -
(4) 10 2:10¢ 2:10~* - 210 -
OF4 | 1.20) 1 - - - 1.1-102 -
(6) 10 - - - 1.1-10-3 -
OK1 | 0.48] 1 - 4.8-107 - - 2.4103
(4) 10 - 4.810™ - - 2.410*
X) — the groups of chemical stability are given in ()

[lpoBegeHHble pac4eTbl MOKA3LIBAIOT, YTO
fAaxe OTHOCHTENbHO KpPaTKOBPEMEHHbIH KOH-
TAKT LINAaMOB ONTHYECKHX CTeKOa ¢ BOAOH
MOXKeT MPHBOANTD K TIOABIEHHIO B HEH TOKCHY-
HbIX MpHMECEH B KOAHYeCTBE, COMNOCTABHMOM
¢ npegenbHo gonycruMbiM (I4K). B HacToALee
BpeMA HaMH CTaBHTCA OJKCIEpHMeHTanbHaA
paGota Mo YTOYHEHHIO NAPAMETPOB B3aHMO-
ACHCTBHA YaCTHL ONTHYECKHX CTeKon ¢ BOAOH
B [POMBHUMNEHHBIX CTOKaX.

The presented calculations demonstrate
that even short glasses slimes interaction with
water can cause the toxic impurities appearance
in amounts correlating with maximum permis-
sible concentration (MPC). At present time we
are carrying out research work aimed to refine
parameters of optical glasses powder interac-
tion with water in industrial sewage.
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MPHHUNIBI YNPABAIEHHA KAHECTBOM
CTOUHBIX BO4
B CHCTEME KAHAMH3ALHH KPYIHOTO
TOPOJA

E.[Opprxrep, H.B.3aruesa, 4a.-kopp. FAEH,
AMH., 1Tpog.,

TTepMCKHA ocyaapCTBEHHBIH TEXHHYECKHA
YHHBEPCHTET,

Kadbeqpa oxpaHbl OKPYNKaroUlerd cpeabl

MpoH3zBoauTca oOTpaboTka TMPHHUMIOOB H
3(1eMeHTOB  yIpaeieHHA YCIOBHAMH  GOPM-
HPOBAHHA Ka4ecTBa CTOYHbIX BOA4 B CHCTEME
POpoACKOA  KaHaaH3aLHH.
BOMPOCbl  HOPMATHBHO-TIPAaBOBOTO W 3KO-
HOMHYECKOro perynrpoBaHHia npouecca
¢dopMHpOBaHUa KadyecTBa CTOMHBIXBOA B CH-
CcTeMe KaHaaHW3alMH, ¢ Ledbld  CHH2KeHHA
cbpoca BpedHbiXx BelIeCTBCO CTOUHBIMH BOAa-
MM NPOMbILIEHHBLIX HNPEANPHATHA B BOAOEM-
NMPpHEMHHK CTOMHbIX BOJ, H4epe3 CHCTeMy ro-
POACKOR KaHanW3alnK, a TakXKe CHUXKeHH:-
Harpy3kH Ha OYHCTHbIE COOPyXeHus n ctabu-
an3atun X paboTbl.

Pazpabo-TaHbl  BOMPOCbl  HOPMHpOBaHHA
cOpoCOB B CHCTEMY KaHanW3alMH, ¢ Y4eToM
(GakTHYeCKOro BKAaga ¥ ClleUH(pHKH Ka-
KAOFO HCTOMHHKA 3arpA3HeHHA, HCxoadsa M3
COCTOAHHA BOAOeMa-NPHEMHHKA CTOYHBIX BOA
u crabrabHOR paboTbl OMHCTHBIX COOPYeHHH.

PazpaboTaH  MexaHH3M  3KOHOMHYECKHX
MEeTOAOB  peryavpoBaHusa  (QOpPMHpPOBaHHA
Ka4deCcTBa CTO4YHbIX BOA B CHCTEME FOPOACKOHN
Kananuzauu. PaspaboTaHbl NPHHLHMI KOHTPO-
A Ka4decTBa CTO4YHbIX BOA B CHCTEME KaHa-
HM3aLMH.

PaspaboTaHo apTOMaTH3HpOBaHHoe pabo4e
MecTo (APM) Mo KOHTPOMO 3a CTOYHbIMH BO-
JaMH, no3poaslollee MPOH3BOAHTL PacyeThbl
HOPMaTHBOB cOpoca 3arps3-HeHHH CcO CToY-
HbIMH BOJaMM MPOMbIL/EHHDBIX TPEANPHATHH
B CHCTeMy ropodcKOH KaHaausalluH 1o [1pH-
HUHIMY 'AoneBOro BKaaga', a Takxke pacyeTbl
pasMepoB TinatexeH 3a cbpoC 3arpAsHeHHA
CO CTOYHLIMHM BOJAMH B CHCTEMY ropodCKoH
KaHanu3aluWH Ha oOCHOoBe HHGOpMalHMH O Ko-
AMYeCTBEN KavecTBEHHOM COCTaBe CTOUHbIX
BOA, OTBOAMMBIX OT TNPOMbIUAEHHBIXNPea-
NPUATHA. PacyeT pasMepOB rilatexed rpoHs-
BOAUTCA B COOTBETCTBHH € CYLIeCTBYIOLWHMMH
HOPMAaTHBHO-TIPABOBbIMH JOKYMEHTaMH.

APM noszpoaseT onpedenaTb CTaTHCTHYEC-
KHE XAPaKTEePHCTHKH MO MoGOMY HHI-peaHeH-

OTpabarbIBalOTCA

THE PRINCIPLES OF THE WASTE WATER
QUALITY
MANAGEMENT IN THE SEWAGE OF THE
LARGE CITY '

E. Ofrikhter,

N.Zajtseva, corr.-mem. of Rus.Ac.Nat.Sc..
prof., Doc.Sc.Med.,

Environmental Frotection Chair, Perm State
Technical University,

Perm, Russia

The principles and elements of manage-
ment of waste water quality forming condl-
tions in municipal sewerage are developing
now. The questions of normativ-legal and
economical regulation of thewaste water
quality forming processes iIn the sewerage
are studying carefully in order to reduce the
throwing down of harmful substances with
waste waters of the industrial enterprises to
the reservoir- receiver of = waste  waters
through sewerage system and reducing  the
load for the treatment plant and stabilization
of treatment process.

The questions of standardization of the
load of harmful substances in waste waters
to the sewerage system in consideration of
factual deposit of each source of pollution
proceeding on the condition of reservoir-
receiver of waste waters and stable work of
treatment plant have been designed.

The system of economical methods of
water quality forming requlation in the
sewerade system has been designed also.

The automate working place (AWT) for
control of waste water in sewerage system
was developed.

This AWT lets to calculate the loads stan-
dards of harmful substances in the waste wa-
ters of industrial enterprises throwing down
to the municipal sewerage, by the principle
of 'portion deposit’, and calculate the pay-
ment for throwing down of the pollution in
waste waters to the sewerage system, based
on the information of quality and quantity of
industrial enterprises waste waters. At that
time there are 35 ingredients controlled in
the waste waters. The work of the water
quality forming conditions modelling are pro-
duced now in order to decide two problems,
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Ty 3a aI060F TPOMEXYTOK BpeMeHH, PpacyH-
TblBaTh KOpPpeaALHOH-Hble CBA3M MexXdy OoOT

AebHbIMH [0Ka3aTenAMH, MONOAHATL HHGOpP- .

MalMOHHBIA (pOHA, a TakAe rmnoayqatb pas-
aAHYHble CrpaBo4Hble MaTepHanbl Ha OCHOBe
HMEIOLUHUXCA AaHHbIX.

Kpome Toro, pazpaforaHa opHrHHadbHaa
MeToAHKa olpedeneHHA pasMepoB NaaTexeH
3a cOpOC 3arpA3HAIOUIMX BeUleCTB B CHCTeMy
KaHaaH3aluHH, Y4HTbiBawowaa yuepd, HaHo-
CHMBI  BOJOEMY-NIPHEMHHKY CTOYHBIX BOA
c¢OpoOM 3arpa3HeHHH CO CTOYHbIMH BOJaMH,
a TaKXe COCTOAHHE OYHCTHbIX COOPYKEHHH.
Beayrca paboTbl Mo MOAeNHPOBaHHIO YCAOBHHA
¢OpMHPOBaHHA KadecTBa CTOYHbIX BO4 B CH-
CTeMe TOpPOICKOH KaHanHusallHH ¢ Uedbio pe-
WeHHA ABYX KOHKpeTHbIX Mpobaem, cBA3aH-
HbIX C TMpPOMbIUAeHHbIMH H ObITOBbLIMH 3a-
rpA3HEHHAMH, TNOCTYMNAOWHUMH B CHCTEMY To-
POACKOA KaHalH3auHH CO CTOYHbIMH BOJAAMH:-
OMTHMH3ALIHA PEeXHMOB (YHKUHOHHPOBAHHA
BCEH CHCTeMbl C UEabl0 CHH-KeHWA [0
MHHHMYMa HeOAaronpHATHLIX MOCAEACTBHA OT
TeX HAH HHbIXaBapHHHbIX CHTyallHH, BO3HH-
KaloWHX BCAedCTBHE 3anmnoBblx cOpocoB 3a-
IPA3HAIOLIMX BELECTB CO CTOYHbLIMH BOdaM;-
pelledHe oOpaTHOH 3aavd O MOHCKE HCTOY-
HHKa 3aanoBoro c6poca 3arpsA3HeHHM CO
CTOYHBbIMH BO/IaMH B CHCTEMY KaHalH3alLHH.
EcTecTBEHHO, peyb HAET O BHHOBHHKE, (HIIb
¢ HeKOTOPOH /0oNeH BEepOATHOCTH.

TaknM ofOpazoM, B cucTeMe yNpapBieHHA
npoueccoM ((pOpPMHPOBaHHA KadecTBa CTOY-
HbIX BOA CHCTEM KaHaaH3alHH OTParkaloTCA
caeAylolMeBONpocbl:  HOpMaTHBHO -  Tpa-
BOBOIO, 3KOHOMH4ECKOTO, MeTogHYec-
Koro,marematHyeckore obecrniedetun, mnpor-
paMMHO - TeXHHYEeCKHH KOMIWIEKC, pa3HoY-
pPOBHeBbiff CTalHOHAapHbIH H MOOWAbLHBIA MO-
HHTOPHHT.

KoMnaekcHoe pelleHHe BONpoOCOB peryiu-
popanHnA W yNpaBaeHAs YC-1OBUAMH  ¢op-
MHDOBaHHA KayecTBa CTOYHBbIX BOJ B CHCTEMe
KaHaausalHHIIO3BOMHT CHH3HTE COpoc  3a-
TPASHAIOUIMX BEWEeCTB CO CTOYHbIMH BoMa-
MH4Yepe3 CHCTeMbl KaHaausalHH Ha O4YHCTHbie
COOpPYMKeHHs, CTabHAH3HPYA, TeM CaMbIM, pa-
60Ty nocaeaHMX, H B BOAOEM-TIDHEMHHK
CTOYHDBIX BOA.

concerning with the industrial and domestic
waste waters throughing down to the munici-
pal sewerage:

-The whole system functioning regimes
optimization with the aim of the unfavorable
consequences from some wrecking situation
bringing down;

-Finding of the cause of the wrecking
situation In the sewerage sistem. In that case
we can speak just about the probable cause.

Thus, in the system of waste water quality
forming management repulsing the following
questions: normativ-legal, economical,
methodical, mathematical modelling,
software, different level permanent and mo-
bile monitoring.

The complex decision of the regulation
questions of the conditions of waste water
quality forming in sewerage system let us to
reduce the load of harmful substances in the
waste waters to the reservoir-receiver through
municipal sewerage.
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MEMBPAHHBIE YCTAHOBKH A4 OYHCTKH
CTOYHBIX BOA IMPOMBIIIAEHHBIX
[TPOHU3BOACTB
- S

[Tosopos A.A. K.T.H.,

AHPEKTOD HAYYHO-TIPOH3BOLCTBEHHOIO
npeqnpHATHA «MeMOpaHHaA TEXHOAOTHA,
r.Baagumup, FoccHA,

Bo3aelcTBHe XO3AACTBEHHOH AeATENbHOCTH
Ha OKpyXKalollylo Cpedy B HACTOAILEE BpeMA
onpesenseTca 3HAYHTENbHBIMH OObeMaMH
BbIOpOCOB B armocdepy, cOpOCOB CTOHHbBIX
Bo/, BBICOKHM BogolorpebneHHem.

OrpacaeBor noaxoa K 3K0NOrH4eCKkHum rnpo-
6neMam Bce elle Oasmpyerca Ha YACTHBIX
YCOBEPILEHCTBOBAHHAX AEHCTBYIOWHNX [POH3-
BOACTB. B CBA3M C 2THM KonH4ecTBO COpachl-
BaeMblX B OKPYKAIOLLYIO Cpe/y CTOYHBLIX BOA
NpaKTHYeCKN He YMeHbLIAETCA. D10 NPHBOANT
K 623B0O3BpaTHOM Nnorepe UEHHbIX KOMIIOHEHTOB
(KMCAoT, Corler H METANN0B, B NEPBYIO 04EpeD),
K HepauMOHarbHOMY HCMONL3OBAHHIO ChIpbe-
BbIX H SHEpPreTH4YeCKHX pecypcoB.

EAHHCTBEHHBIM TOKA pajgHKanbHbIM pellle-
HHeM BO3HHKILeH npobnemMbl ABAAETCA pas-
paboTKa ¥ LIMPOKOe BHEAPEHYE CHCTEM HCTONb-
30BaHHA BOAbl HA MPEATIPHATHAX B 3@MKHYTOM
LHKAE C OHOBPEMEHHBIM BbIBE1EHHEM H3 HEIO
LEHHbIX KOMNOHEHTOB (B BHAE TOBAPHBIX MMPoO-
AYKTOB ¥ BTOPHYHOTO CbipbA). [IPHOPHTETHBIM
HamnpaBfleHHeM CTaHOBHTCA CO3AaHHE (0Kallb-
HbIX CHCTEM MepepaboTKH pa3aenbHbiX MOTOKOB
CTOYHBIX BOA.

[Tpn aTOM MeMOpaHHble MeToAbl 0OpabOTKH
CTOYHBIX BOA MO CPABHEHHIO. C OOBIMHO MpHMe-
HAEMbIMH HMMEIOT PAA NPEeHMyILecTs, B TOM
YHCAe YHHBEPCANHOCTH MPOLECCa, OTCYTCTBHE
AOTOMHHTENbHO BBOAHMBIX B CTOUYHblE BOAbI
peareHTOB, CyIECTBEHHOE YMeHblLeHHE OTXO-
A0B, 4TO obneryaer HMX YTHAH3ALHK HIH 3aX0-
pOHEHHe, CpaBHHTENbHaA MPOCTOTA YCTAHOBOK,
HH3KHE yAeabHble 3HEPro3aTparbl, KOTOpble
Mano 3aBHCAT OT MOILUHOCTH YCTAHOBKH.

HIM «MembpaHHaA TeXHONOTHA» B paMKax
" BbINOAHEHWA paboT Mo pasaHyHbIM ocygap-
CTBEHHBIM MporpaMMaM H XO03AHCTBeHHbIM f0-
TOBOpPaM HaKomneH GONbLIOH OMBIT HCMOIBL3O-
BaHHA MeMOpaHHOH TeXHOMOTHH A OYHCTKH
CTOUHbIX BOA, :

MEMBRANE PLANTS
FOR INDUSTRIAL EFFLUENTS

PROCESSING
L]
A A Fovorov, Cand. Sc.,
NPP «Membrane Technology»
director,
the town of Viadimir, Russia.

Today water resources and our atmosphere
have been abused by both industry and indi-
viduals.

In each branch of industry the eco-logical
problems are solved now by some particular
improvements of the operating productions.
In this context the amount of effluents dis-
charged into the environment is not decreased.
It leads to valuable components loss (primarily
metals and also acids and salts), to irrational
raw and power resources usage.

Development and common introduction of
the systems with water reuse at the water
recycle productions and with the simultaneous
removing of the valuable components (as goods
and by-products) is for the present a single
rational solution of the problem. Local pro-
cessing of separated effluents streams beco-
mes a priority trend.

In comparison with the conventional treat-
ment methods membrane technologies of
effluents processing have some  advantages
such as process versatility, the absence of
the additional reagents to be introduced into
the effluents, essential wastes decrease
which facilitate their utilization or disposal,
plants relative constructive simplicity, low spe-
cific energy consumption which depends
little on the plant output.

NPP «Membrane Technology» has gained
rich experience in membrane technology
application for effluents processing within
the framework of different State programmes
and economic agreements.
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B Hacroswee Bpema B HII «Mem6pan-
HaA TEXHOMOIHA» OCBOEH BbIMYCK CAEAYIOLINX
YCTaHOBOK:

- YabrpadHnbTpaLHOHHbIE YCTAaHOBKH AnA
pereHepallid  OTPabOTAaHHbIX MOIOLWHX H
00€e3KHpNBalOLIHX PAacTBOPOB C HCMOMb30~
BaHHeM Tpy64aTbiX yabTpadHIbTPOB THIA
BTY 0,5/2 npousBogurensHocTblio 0,15~
0,6M3/4ac. PHABTPAT HCIONL3YeTCA A(1A [TPHIO-
TOBE€HHA CBEXHX MOIOWHX PacTBOPOB H
NMO3BOAAET 3KOHOMHTH oOr 35 a0 90%
peareHTOB.

~ [IByxcTyneH4arble yabTpapHIbTpalHOH-
Hbl€ YCTAHOBKH /(1A TOHKOH OYHCTKH OT-
paboTaHHbIX CMA304HO-OX(1AMKAAIOILNX KH/-
KOCTe# MpoH3BoanTeabHOCThIO 0,5 M?/4ac,
C Ueabio TOHKOH O4YACTKH yibTpadHabTpaTa
ot HedTenpoaykroB (0,05 mr/a) yCraHoBKH
AOMOAHAIOTCA BTOPOH CTYMEHblO -~ aacop-
6LHeH Ha AKTHBHPOBAHHBIX YIMAX.

~ YCTaHOBKH /1 OYHCTKH CTOYHBIX BOA
ranbBaHNYECKUX I[POH3BOACTB MPOH3BOAH-
TenakHoCTbIO oT 1 Ao 25 m®/4yac, YcraHOBKa
No3BO(IAeT COKPaTHTb pAcXo/] BoOAbl Ha
NpOMBIBKY B 5,6 pasa, npH aToM obecrneyn-
BAETCA CeeKTHBHOCTb MO HOHAM TAMKEbIX
MeTan1os He MeHee 99,5%. MogepHH3aUMA
OYHCTKH MO3BOHT 0DECNEYHTHh 3AMKHYTbIH
BOAOOOOPOT H BbIAEHTL TAXKENbIE MeTaN(bI
B cBoOOAHOM BHAE H NOAY4HTb CyXOH
OCTaTOK C COofepXKaHHeM THXKenblX Merasn-
nos nrxe [IK.

— CTaHUHMH KOMIVIEKCHOH OYHCTKH CTOYHbBIX
BO/, OT Kpacuteaed H [IAB npouspognrenn
HOCTBIO OT 5 A0 30 M3*/4ac H CTeneHbio
0G0OPOTHOTO HCMOMb30BAHHA BOAbl HE MEHEe
95%, npn atom obecneyHBaeTCA CTeneHb
OYHCTKH MO OCHOBHBIM KOMIIOHEHTaM
98-100%.

HIM «MembpaHHas TeXHONOrHA» BbINOMHAET
[NA 3aKa34HKOB pa3paboTKy TEXHOIOTHH, Npo-
eKTHPOBAHHE, H3rOTOB(IeHHe OBGOpPyAOBAHHA,
MyCKO-Hanaao'Hble paboThl H caady «og K4y,
rapaHTHpyeT KOMIIEKTaLHI0 YCTAHOBOK MeM-
OpaHaMH M (OHABTPYIOILMMH 3EMEHTAMH.

NPP «Membrane Technology» has mastered
the production of the following plants:

~ Ultrafiltration units equipped with BTU
0.5/2 tubular ultrafilters of 0.15-0.6 m3/h
output designed for recovery of  spent
degrea-sing/cleaning solutions. The filtrate
is used for fresh washing solutions prepa-
rations and it allows to save from 35 up to
90% of reagents.

- Two-stage ultrafiitration plants for fine
processing of spent lubricating-cooling flu-
ids of 0.5 m3/h output. Carbon sorption
filters as the second stage serve for fine
petroleum products processing (0.05 mg/l).

- Plants for processing electro~plating ef-
fluents of 1-25 m3/h output. The plant allows
to decrease by 5.6 fold water consumption
for washing and to provide maximum 99.5%
heavy metals ions rejectivity. Processing
modemization will allow to provide water
recycle and to remove heavy metals in free
state and to obtain dry residue with heavy
metal content lower than maximum per-
missable limit.

- Integrated stations for processing sur-
factants and dye-containing effluents of
5-50 m3/h output and with water recycle mi-
nimum of 95%, and retention rate for main
components 98--100%.

NPP «Membrane Technology» develops mem-
brane separation processes, designs, tailor-
makes and supplies membranes and filtering
elements along with start-up adjustment and
turnkey installation.
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COBPEMEHHBIE TEXHO(IOI'MH H
COOPYMEHHA
A0A OYHMCTKH CTO4YHbIX BOA FOPOAOB
H HACE/(IEHHbIX [TYHKTOB

PazymoBcKHA 3.C., akagemnk KA, npo-
geccop., A.T.H.,

AQOT 'HHH KOMMYHaIbHOro BOAOCHAbMe-
HHA H OYHCTKH BOAbI'

TE3HNCbI

1.B 60abWNHCTBE TOPOAOB W HaceaeHHBIX
NMyHKTOB POCCHACKOR deagepauun IKCIIyaTH-
PyIOTCA KaHaaM3aUMOHHble OYHCTHBIE COOpY-
JKEeHHA, NpeduMyllecTBeHHO  OHOAorHyecKon
OYNCTKH: a3POTeHKH W OHodHabTPbl. OAHAKO,
oHM He ofecnevynBalOT Tex BbICOKHX Tpebo-
BaHHM K cocrasy cOpacblBaeMblX B BOAOeM
CTOMHbIX BOd, YCTaHoBaeHHbIXx [IpaBHOaMH
oxpaHbl BOAOeMOB H CaHWTapHbIMH MpaBu-
1aMH.

2.[ocTHKeHHe yKa3aHHbIX B M.l TpeboBa-
HHA BO3MOMKHO NpoBeaeHHeM paboTr no /AByM
HanpaBaeHHUAM:

- COKpalleHHeM HAM HCKAl4YeHHeM BpeaHblx
BelllecTB TPOH3BOACTBEHHONO MPOHCXOX/1e-
HHAA B TOPOACKYIO WM TIOCEIKOBYID KaHaau-
3aUHio,

- HM3MeHeHHeM TeXHO(IOTMH O4YHCTHbIX CO-
OpyxeHyHd TrOpodoB W TMOCEeNKOB C LEnblo

MOBbIUIeHHA 3¢ppeKTHBHOCTN HN3bATHA
XapakrepHbiX A4A ObITOBbIX CTOYHbIX BOA
3arpAsHeHHH.

HactoAlMA  AOKAad  KacaeTcA  avulb

nocaeqHero HalpabaeHHd.

3.[aa noebileHna 3¢pEPEKTHBHOCTH OYHCT-
KH CTOYHbIX BOA B MOCOeAHHe Trodbl CTPOH-
anck  HHIBTPBI € 3€PHHUCTOH . 3arpyaKkod.
OaHako ¢nabTpbl M1060F KOHCTPYKLIMH CHHMMa-

IOT B  OCHOBHOM  (HUIb  B3BelleHHble
BellleCTBa, YeMy COMYTCTBYeT CBA3aHHOE C
3TMM  yMeHblIeHHe - pyrMXx [MoKasaTenen

3arpA3HeHHs CTOYHBIX BOA.  3arpasHAawllne
BellleCTBa, HaxoAAlHeCA B pPacTBOPEHHOM
BH/Ie, He yaaBIWBAaWTCH,

4.YHUBEpCAIbHBIM MeTOAOM AA YAAde€HHA
pacTBOPeHHbIX 3arpA3HAIOWIMX BellecTB (B
OCHOBHOM OpraHn4eckux) fBagerca Ouoaory-
YeCKHH.

5.B nocaegHHe roabl Cranrd Co3aBarTbCcA
HOBbIE THIbI OMONOTMYECKHX COODYMKEHHA W

MODERN TECHNOLOGIES
AND UNITS
FOR TREATING URBAN SEWAGE

L

Rasumoysky E.S. - academician Municipal
Academy, professor,

D.Sc. (Eng.),

Municipal Water Supply & Treatment
Research Institute,

ABSTRACT

1.In the majority of cities and settlements

of Russian Federation sewage treatment
plants are operated using biological
(secondary) methods: aeration tanks and

trickling filters. However they do not ensure
strict requirements for effluents discharged
into receiving waters, as set by Water
Pollution Control and by Sanitary Requlations

2.Achievements of the requirements stated

in p.1 may be possible by carrying out work
in two directions:

- decreasing or elimination the inflow of

hazardous ‘substances of industrial origin

into a city or settlement sewage system;

- changing the technology of urban sewage

treatment plants with an object to increase
the effectiveness of removing polluting sub-
stances characteristic of domestic sewage.

This report deals only with the latter direc-
tion,

3. To raise the effectiveness of sewage
treatment in recent years they constructed
filtlers with granular medium. However, filters
of any construction basically remove only
suspended solids, which is accompanied by a
decrease of other pollution parameters.
Polluting substances in dissolved state are
not removed.

4 Biological (secondary) treatment is a uni-
versal method for removal of dissolved pol-
lutants (mainly organic).

5.In resent years there appeared new
types of biological units and those combining
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COOpYeHHH, COYeTaloMX (uabTpauuio H
6nookncaeHne. Tak HanpuMep, GHALTPLI THMA
"OKCHIOP', BKalovaoLHe  6HONOrM4ecKylo
OYNCTKY H  (UABTPALMIO Ha KepamauTte,
'BHOPEAKTOP',  npeacraBasiouwmi  cobow
KapKaCHO-3aCbINHON, (HABTP C BCTPOEHHBIM
6HO6MOKOM, MOAH(HIMPOBaHHblE  GHODHAL
Tpbl M3 GazanbToBOrO 1EOHA KpYNMHOCTHIO 8-
12 MM, 'Buocopbep” - 6nodHabTp CO B3Be-
lIEHHbIM CI0eM AKTMBHOTO Yras.

6.B HHM KBOB paspabGoraHa TeXHOMOTHA
6HOMOTHYECKON OYHCTKH, OCHOBaHHasg Ha
co4eTaHHn NpHKpenaeHHbIX (MMMOOHAH-
30BaHHbIX) W B3BeLUEHHbIX KyabTyp MHMKpO-
OpraHN3MOB, HAXOAAUWIMXCA B aHa3pOOHBIX H
a’pobHbIX 30HaX. OHa MO3BOAHET TNpaKTH-
YeCKH B Tex Xe obbeMax COOpyMeHHH, 4YTO H

npH OObIYHOM  TeXHONOMMH  [I0CTHIarb
ray6okylo oYnCTKy. [03ToMy oHa MoeT ObiTh
npvMeHeHa Kak A PEKOHCTPYKLHH

(EACTBYIOILIMX COOPYXEHHH, Tak H CTPOH-
TEIbCTBA HOBbIX. KOHCTPYKTHBHO COOPYMEHHA
MO HOBOH TEeXHOAOIHMH CXOXH C H3BECTHOW
(MpHMeHeHHeM a3POTEHKOB), HO OTAHYAWTCA
npUMeHeHHeM B OHOpeakTopax 3arpy3kn, 4TO
ynpollaer UX OCBOeHHE H IKCayaralHio.

7.MpegaoeHHaA TEXHOOOTMA COCTOMT W3
TpeX CTyneHey: aHa3poOHOH, C NpHKpenaeH-
HbIMH KYIbTYPaMH, a3poOHOH C MpHKperaeH-
HbIMH H B3BelleHHbIMH KyabTypamMn H aspob-
HOR' TOMBKO C NPHUKpPeIIeHHbIMA KYAbTypaMH
MHKPOOpPraHH3MoB, B 3aBHCHMOCTH OT KOH-
KpeTHbIX YCIOBHA H TpebOBaHMA K KayecTBy
OYHCTKH CTOYHBIX BOA KOMHYECTBO CTyMeHeH
MOMeT MeHATbCA 3a CYET HCKMOYEeHNA OHOH
H(H aABYX.

8.1IpeanokeHHad TEXHOIOTMH OCBOEHa B
r.Anabap u r.Anxan. Ha atMX coopysmeHHAX
AOCTHIHYTHI Caedyloulne MNoKa3areqn OYHCTKH
cToyHbix Bog: BIIK - go 3, XMK - go 11,
B3BelleHHble BellecTBa - A0 4.2, aMMOHHH-
HbIA asor - Ao 0.8, a3or HHTparoB - 10 10,
o6 ¢docpop - ao 1.5, docdarer - ao
1.35 mr/a,

9.Ha ocHOBe TIpedaoKeHHOH TeXHONO0rHu
paspaboraHbl YCTAaHOBKH 3aBOACKONO H3ro-
TOBAEHHHA,

filtration and bio-oxidation: for example filters
OXYPORE, in which biological treatment is
combined with filtration through keramzite;
BIOREACTOR - a filled-in carcass with an
inline biobloc; modified trickling filters with
broken basalt of 8-12 mm size; BIOSORBER -
a biological . filter with suspended layer of
activated carbon.

6.Municipal Water Supply and Treatment
Research Institute has worked out biological
treatment of sewage based on combination
of immobilized and suspended cultures of
microorganisms being in anaerobic and
aerobic zones. The technology allows to at-
tain profound treatment using conventional
technology. Thus it can be used for recon-
struction of operating plants as well as for
building new ones. The construction of units
using new technology is similar to that using
conventional one with aeration tanks, but
differs in the use of a fixed medium in
bioreactors which simplifiers their commis-
sioning.

7.The offered technology includes three
stages: anaerobic with immobilized cultures,
aerobic with both immobilized and sus-
pended cultures and aerobic with only im-
mobilized cultures of  microorganisms.
Depending on actual conditions and re-
quirements for treatment effect of sewage,
the number of stages can be altered by ex-
cluding one or two of them,

8.The offered technology has been imple-
mented in the cities of Anabar and Aikhal.
The following treatment effect (in mg/l) has
been attained at these plants: BOD up to 3,
COD up to 11, suspended solids up to 4.2,
ammonia nitrogen up to 0.8, nitrate nitrogen
up to 10, total phosphorus up to 1.5, phos-
phates up to 1.35.

9. Based on the offered technology factory
built (package) units have been worked out.
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YCTAHOBKH 3ABO/CKOIO .
N3roToB/EHHA
AaA OYHCTKH CTO4YHBIX BOA MA/IbIX
HACE(IEHHbIX ITYHKTOB

PasymoBCKHA 3.C., akanemHK /KKA, npog.,
A.T.H.,

AOOT "HHH KOMMYHalbHOro BOAOCHAbXe-
HHA H OYHCTKH BO/bI'.

TE3HCbI

1. nocnegHHe rogbl pe3Ko BO3POCIH
TpeboBaHWA K  KayecTBy cOpacbiBaeMbIX
CTOYHBIX BO4 B BogdoeM. B CBA3M C 23THM,
paHee CepyHHHO H3roTaB(MBaeMble YCTAaHOBKH
tMna KY, KYTM, Bruokomnakt, a takxe BHO u
YRO - ycrapean. .

2.0nnpadch Ha HOBYIO TexHoqorvio B HHH
KBOB co34aHbl YCTAHOBKH HOBOTO TOKO(IEHHA
THna bBuokoHTakTOop, Pydeit M = Hemryh.
OCHOBaHbl OHHM LEIMKOM Ha OHoadorH4YeckoM
Merode. [1a HHTeHCHHKAUUK  NPOLECCOB
MCIOb30BaHbl  MPUKpenaeHHble  KyIbTypbl
MHKPOOPraHn3MoB, MO3BOAIOIINE YBEMHYNTD
6MoMaccy B OYHMCTHBIX COOPYXEHHAX, 4TO
BefeT K CoKpalleHnem nx oObeMoB, a Takmke
OCYWECTBUTb  TyOOKYI0 OYMCTKY  CTOMHbIX
Bod. [lpuMeHeHHe GHonaeHkH crocobcrByeT
CHUKEHHIO BHOTeHHbIX 3(IEMEHTOB.

3.BHOa0OrM4ecKkre rpolecchl- B yCTaHOBKAxX
NMPOXOAAT B PeXHMMe TOHOTO OKHCIEeHHA, T.e.
NMpH oOuYeHb HHU3KMX Harpy3Kax Ha W1 0pH
BBICOKOM €ro Bo3pacte. JTO M03BOAAET BeCTH
rayBoko NpoUecchl HUTPU(DHKALUMH H UMeTb
MHHepann30BaHHbIH ocafioK, 6bICTpO
MOACKIXAOUIMA Ha HAOBBIX TNAOLIAAKAX M. He
H3/AlOLINA HEMPHATHBIX 3aMaxoB.

4 . KOHCTPYKTHBHBIMH OCOOEHHOCTAMH yCTa-
HOBOK HABAAIOTCA MpPHUMEHeHHe ad>pOoTeHKoB-
OTCTOMHHKOB C TOHKOC/IOAWHbLIMH 3/1€MeHTaMH B
OTCTOMHOH 30He.

5.0c06eHHOCTH, yKazaHHble B M.2-4, obe-
CHEYMBAOT HX KOMITAKTHOCTb, TpPOCTOTY B
MOHTaKe M IKCIIyaTaLHH.

6.YCcTaHOBKH THIa "BHOKOHTAKTOD" HMET

NMPOH3BOANTENBHOCTL 6, 12 n 25 M3/cyr.
OCHOBHbIM COOpYXeHneM ABaseTca Onobapa-
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PACKAGE PLANTS FOR TREATMENT OF
WASTE WATER
IN SMALL COMMUNITIES

Rasumovsky E.S. - academician Municipal
Academy, professor,

D.Sc. (Eng.).

Municipal Water Supply & Treatment
Research Institute,

ABSTRACT

l.In recent years demands in effluent
waste water quality have strongly increased.
In connection with this, once serially
produced treatment units of the types KU,
KUTM, BIOCOMPACT, BIO and UKO have
become out of date.

2.Basing on new technology, Municipal
Water Supply and Treatment Research
Institute has developed new generation of
treatment units of the types BIOCONTACTOR,
ROUTCHEY and NEPTUNE. These are based
fully on biological treatment methods. For
process intensification fixed cultures of mi-
croorganisms are used, enabling to increase
biomass in treatment units and thus decrease
their volume, as well as to obtain better
effluent quality. The use of biofilm favors a
decrease of biogenic elements.

3.Biological processes in units follows total
oxidation conditions, i.e. are held at very low
loads on aged sludge. This allows to carry
out profound nitrification processes and to
have mineralized sludge, rapidly drying on
drying beds and emitting no unpleasant
odours.

4. Specific construction of the units in-
cludes the use of combined settling and
aeration tanks with thin layer module in the
settling zone.

5.5pecial features of the units stated in
pts. 2 - 4 ensure their compactness and
simplicity of assembly and operation.

6.The BIOCONTACTOR units have
capacities of 6; 12 and 25 m3/d. Their basic
part is a bio-drum consisting of sections with



~6aH, COCTOAIIMA W3 CeKUMA C pasanyHoON
NnacTMaccoBOM 3arpy3kon © obecne4ynBalo-
A 33 cYeT cneundHYecKnX MHKpoopra-
HH3MOB Ha Kamaoh CeKUMH rayboKylo ouH-
CTKY CTOYHBIX BOA. YCTaHOBKa pasMellieHa CO
BceM HeobxoanmbiM obopyaoBaHnem B 6aOK-
KOHTeHHepe.

7.YcraHoBKH THMa "Pyyerd’ MMeIOT NPOH3BO-
antensHocts 100, 200, 400 n 700 m3/cyr.
OCHOBHBIM 3(1EMEHTOM YCTAHOBKH ABACTCA
TpeXxcTylieH4artblit GHopeakTop: aHadpOOHbIH -
Ha MepBOil CTYMEHN H a3pobHbIA - Ha BTOPOH
1 Tperben. Bce aneMeHThl CraHUMH 00bean-
HeHbl B ONOK-KOHTEAHEpbI.

8.¥craHoBKky THNa 'HenTyH' HMeEOT NMpoOH3-
BOAHTEnbHOCTE 1000, 1500 n 3000 M3/cyr.
Mo TeXHONOrMH OHH AHANOTHYHbI yCTAHOBKaM
THna ‘Pydyed”, HO OTIHYAKOTCA KOHCTPYKTHB-
HBIM HCHOOHEHHeM. DTH YCTaHOBKH cobupa-
. IOTCA HA MeCTe B BHAe pe3epByapoB H3 py-
(IOHHOW CTanH, MoCTaB1AeMoro o6opyaoBaHHA
ANf HAaCbIIEHHA YCTAaHOBOK H pAga 61ok-
KOHTEHHEpOB C A0NOMHHMTedbHbIM ob6opyaoBa-
HHeM.

9.Bce yCTaHOBKH paccYHTaHbl Ha
cHuaeHne BIIK go 3 wMr/a, B3BetleHHbIX
BelecTB - A0 5 ™r/a, aMMOHMFAHONO asora -
A0 2 Mr/a, HATpaToB - A0 9 Mr/a n obwero
docoopa - go 1.5 mr/a.

10.HHCcTHTYTOM pa3pa®oTaHbl M NOCTaBAA-
IOTCA 3aKa34YMKOM YCTaHOBKH U C Bonee Bbl-
COKHMM 3¢hpeKTOM OYNCTKH, NpeqHasHayeHHble
B OCHOBHOM /(A HaceleHHbIX MYyHKTOB,
cbpacbIBaloIUMX CTOYHble BOAbl B 03.BanKan.
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different plastic media and ensuring in each
section profound treatment of waste water by
specific microorganisms. The unit and its
accessories are assembled in "a ' bloc-
container.

7.The ROUTCHEY units have capacities of
100; 200; 400 and 700 m3/d. Their basic
element is a three stage bio-reactor anaerobic
at the first stage and aerobic at the second
and third stages. All plant elements are
assembled in bloc-containers.

8.The NEFTUNE units have capacities of
1000; 1500 and 3000 m3/d. Their technol-
ogqy is analagous to that of the ROUTCHEY
unit, but their differ in construction. These
units are assembled on site as reservoirs
made of steel rolls, which are then fitted
with supplied equipment and with a number
of accessories in bloc-containers,

9.All the units are designed to lower BOD
down to 3 mg/l, suspended solids to 5 mg/l,
ammonia nitrogen to 2 mg/l, nitrates to 9
mg/l and total phosphorus to 1.5 mg/Il.

10.The Institute has worked out units with
higher treatment effect, which can be deliv-
ered to customers and which are mainly in-
tended for communities discharging waste
waters to the lake Baikal.



OXPAHA, CAHALMA H NCNOMb3OBAHHUE
FPYHTOBbLIX BOA B 30HE CBA(IOK
MPOMBIL/IEHHBIX H BbITOBbBIX OTXOAO0B.

. B. Peknepc, 4dOKTOD XHMHYECKHX HayK
TI". 8. Cerartb, XaGHIHTHPOBAHHBIH AOKTOD
HHKEHEDHbIX HayK, aKaqeMHK ACIX
1aTBHHCKOHR PecryGaHKH
(F'OCHHH'Bogrioanmep’)

TE3HCbl

B 30He cBanoOK TBepAbIX H MHUIAKHX OTXO-
40B, a Takxke 30000TBal1OB HauOonee
YA3BMMbI A0A 3arpA3HEHHA TDYHTOBble BOABL
Ha ocHoBe HaTYpHBIX M MOeAbHBIX HCCIe-
AOBaHHA pa3zpaboTaH KOMIEKC MepONpPUATHI
Mo  3aluuTe T[PYHTOBBIX BOA B 30He
oTpaboTaHHBIX CBalOK, OTKauke M HCIOb-
30BaHHI0 yMke 3arpA3HeHHbIX. [IpHBOAATCA
MPUHUMMHANBHBIE  TeXHH4YeCKHe  DeilleHHs.
lpeanoeHo HCMOb3OBaHHe MarepHana H3
30(100TBAN0B MPH KOHCEPBaUMHN CBaNoK. '

PROTECTION, SANITATION AND USE OF
SOIL WATERS IN A ZONE
OF INDUSTRIAL AND DOMESTIC WASTE

DUMPS.
e

F.Rekners doctor of chemical sciences,
H.Segal habilitated doctor of engineer
sciences, academician of AAF

of Latvian Republic.

(State SRJ " Folymers in Water
Management ')

THE THESISES

In a zone of solid and liquid waste dumps
as well as of ash dump soil waters are the
most vulnerable for pollution.On the bases of
researsh in nature and simulated ones,a com-
plex of measures has been worked out to
protect soil waters in a zone of closed
dumps,to pump out and use already polluted
ones.Fundamental technical solutions are
given.lt is offered to use the material from
ash dump at dumps closing.

Ecan mnpn CTPOHTENbCTBE HOBBIX CBalloOK
ceHyac NMPHHUMAIOTCA CrielHanbHble Mepbl 1A
3alUMTBl TPYHTOBBIX BOJ, TO CTapble (oTp-
aboTtaHHble MM AENCTBYIOLLHE), KaKk MpaBHAO,
OCTAlOTCA MX OMNacHbIMH 3arpA3HHTENAMH.

Caeayer obpatnTb 0cCo60e BHHMaHHe Ha
TO, YTO yXe oTpaboTaHHble CBalKkH, HO Hesa-
KOHCepBHpPOBaHHbIE AOMKHBIM 06pa3oM, ocTa-
IOTCA HCTOYHHKOM 3arpA3HeHMH -Ha o4eHb
AHTensHOEe BpeMA: [0 HeKOTOPbIM (aHHbIM -
ao 600 aert (3).

Q[HOHM K3 Cepbe3HbIX TNpPHYHH HeydoBaeT-
BOPHUTENBLHONO  COCTOAHMA  [MOBEPXHOCTHBIX
BOJIOHCTOYHHKOB B  OKpeCTHOCTAX MOCKBbDI
Ha3biBaeTCA BHAHHE (HABTPATOB C TeppH-
TOpHH cBanokK (5).

B (laTBMn Ha3BaHHaa mnpoOaeMa,k coxane-
Hmo, Ooaee,yeM  akTyaakHa, H3 591
odHUHMaIbHO 3apPErHCTPHPOBAHHOH Ha ee Tep-
PUTOPHH CBAdKH TBEPAbIX H KHAKHX OTXO10B
anue 31 obopyaoBaHa no npoekty. OAHAKO
H OHH fAafeKH OT COBeplUIeHCTBAa. K ToMy XxKe
paKkTHYECKH HMMEeTCA 3HAUMTENbHOE KO(H-
YeCTBO TaHHBIX, HHKEM He CaHKIMOHHpOBaH-
HbIX CBanoK. HX BblfAB(IeHHE - TOXe BaKHadA H
Henpoctad 3aga4da. K cBankaM [0 CTeneHH H
Xapakrepy HX OTPHLATeNbHOrO BO3AeHCTBHA
Ha OKpyX alollylo cpedy caeayeT OTHEeCTH

“be treated as dumps by the

If building new dumps special measures
are taken for soil waters protection, then old
ones (closed or existing) as a rule are the
sourse of their dangerous pollution. A special
attention should be paid the fact that already
closed but not conservated in a proper way
dumps are the sourse of pollution for a very
long time, according to some data - up to
600 years {3).

One of the serious reason of
unsatisfactory condition of surface water
sources in the surroundings of Moscow is
considered to be the influnce of filtrates from
the territory of dumps (5).

In Latvia this problem, to its regret, is
more than urgent. Out of 591 officially regis-
tered dumps of solid and liquid waste only
31 are arranged according to the project.
And even they are too far from perfection.
And besides this there is a considerable
number of hidden, unsanctioned dumps. To
expose them - it's also an important and
uneasy task. Different ash dumps also must
rate and
character of their negative influence on the
surroundings. The influence of ash dumps on
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TaKXKe H pasHyHble 30100TBaabl. BaHAHHe
nocaegHHX Ha YPOBeHb TrIpPYHTOBbIX BO4 B
oTAebHBIX CAyqasaX ollyllaercA B paagvyce 10
KM. B 3onoorsanax HaKamIMBalOTCA TAXKeable
MeTalablIpaBaa,B  Buae  ManopacTBOPHMBIX
coeauHeHHH, cnabo MHIPHPYIOLLIHX B
rpyHTOBble BOAbl. 3HAUMTEAbHO  GObuUIYIO
ONacHOCThL TMPeACTABAAIOT HaKal/IHBaIOWHeCH
B HHX padHOaKTHBHbIe H30TOMNbl eCTecT-
BEHHONO TNpPOHCXOXKAEHHA. ITO BedeT K
MOBbIUIEHHI0,a HHOrJa H [pPeBbIUEHHID J0-
MyCTHMOI'o YPOBHA paaHauuH (4)

3arpA3HeHHe IpyHTOBbIX BO/J BbI3bIBaET He
TOIBKO AONOHHTEAbHblE TParbl Ha HX OYH-
CTKy MNpH HCNAb30BaHHH, HO W TPHBOAHT K
npamoMmy ywepOy. Hanpumep, un3BecTed
ciy4ad paspylleHHA MeTalauyecknx 6oaros
KpemnneHHa ToHHenA KueBCKOro MeTpo H3-3a
arpecCHBHOCTH TPYHTOBBIX Bod. Cepbe3Hble
HEMPHATHOCTH HMeaH MecTO B TallKeHTCKOM
MeTPO H3-3a yTeyeK HedTelnpoaykToB M Ha-
KOfleHHA MeTaHa, CepoBOAOpoAA M APYrHX
rasos (6).

[lpp 23TOM ecTecTBeHHasd arpeCcCMBHOCTh
IPYHTOBBIX BOJ,BbIABEHHAA Ha CTadHH HHKe-
HepPHbIX H3bICKAaHHA feped NpOoeKTHPOBaHHEM
TOrO Ha¥ HHOro o6bekTa,MoXKeT ObIThb yUTeHa,
H TMPHHATBI Mepbl A HEeATpaauialMy ee
BpeAHOTrO BO3JeHCTBHA. YTE4YKH 7Ke H3 CBa-
(I0K,MEHAIOILHE eCTeCTBeHHbIA - XHMHYeCKHH
COCTaB TPYHTOBBIX BO/l B TEYEHHE KOPOTKOro
BpeMEHH H Ha 3Ha4YHTenbHOW TEPPHTOPHH,
y4ecTb croxHee.K ToMy e nog yrposor OKa-
3bIBAIOTCA 34AHHMA M COOPYMeHHA, MOCTPOeH-
Hble A0 Toro, Kak Oblna opraHvM3oBaHa CBad-
Ka.B 4acTHOCTH, B TAKOM MOOKEHHH oKa3a-
(IMCb B Pure goMa KHIOH 3aCTPOMKH BOKpYr
cBarkH ‘fleraapa’. CHeUHAIHWCTbl BbICKA3bl-
BalOT oOllaceHHda, 4YTO B [odsanax 3daHHA
HayHeT HakanauBaTrbCA  MeTaH, Co3JapBad
B3pbiBOOMNacHyio curyauuw. [log  yrposon
pa3pylleHHA MOryT OKa3atbCA H OeToHHblie
dyHaAaMeHTb] 3aHHH.

OcobeHHO onacHbl A0A  OKpYXKalollen
cpedbl HaKOMUTEIH MHAKHX TOKCHYHBIX Tpo-
MbILUASHHBIX OTXOA0B, MNOCKOALKY NOCAeaHHe
obnagaioT BbICOKOH MOABHXKHOCTBIO, Ecau
Jazke 3TH HaKOIMHWTeMH H3IOMHpOBaHbl oOT ar-
MoC(epHbIX OCadKOB, AMUTENbHOE TNOCTYyNIe-
HHE XHAKHX OTXO4OB B [I'PYHTOBble BO/bI
NPOAONIKAETCH,

Haiu onbIT HccaeaoBaHui C 1eqblo HadexK-
HOM KOHCepBalMH oTpaboTaHHbIX CBAIOK H
caHalHH TMpHIeralownx TeppUTOPHH HACUMTHI-
BaeT yxe noaropa gdecATHaetHs. OO6'eKTbl
HCCeAOBAHNA pacnodaraanch B Tpex Tropo-

the soil water level in some cases is felt in
the radius of 10 km. In ash dumps hard
metals are accumulated, only not like very
dissolvable combination, badly migrating into
the soil waters. Accumulated in them
radioactive isotopes of a natural origin are of
considerably higher danger. This leads to the
rise and sometimes to the excess of the
permissible radiation level [4),

Soil water pollution causes not only extra
expenditures for their purification when using,
but it leads to straight damage. For example,
is known an incident of destruction of metal
fastening bolts of Kiev's underground tunnel
because of the aggressiveness of soil waters.
Serious troubles took place in Tashkent's un-
derground because of the oil products
leakage and accumulation of methane,
hydrogen-sulphide and other gases (6).

With all this natural aggressivenss of soil
waters elicited at the stage of engineering in-
vestigations before projecting some object
can be taken into account and measures can
be taken to neutralise its harmful influence.
Leakages from the dumps that change natural
chemical composition of soil waters in a
short period of of time and on a considerably
large territory is more difficult to take into
account. To all this, under the threat then
are buildings and constructions that had been
built before the dump was organized.In
particular, dwelling houses around the dump
‘Deglava” in Riga are in such situation.
Specialists express apprehension that in the
basements of these houses methane will start
accumulating and  creating  dangerous
explosive situation. Under the threat of
destruction may be even the concrete bases
of the houses.

Especially dangerous for the surroundings
are the accumulators of liquid toxic industrial
waste because the latest are very mobile.
Even if these accumulators are isolated from
precipitation, long-term entrance of liquid
waste into soil water is being continued.

Our research experience with the purpose
of a safe conservation of already -closed
dumps and the adjoining territories' sanitation
numbers. one and- a half decade. The
research objects were in three cities: Riga,
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gax: Pura, Earaea, OanadHe. PesynbraThbl

HCCeAOBaHHA TIO3BOMWAN AaTh NPaKTHYeCKHe |

peKOMeHalliM, Ha OCHOBE KOTOPbIX paspabo-
TaHbl COOTBETCTBYIOIIME NpPOeKThl. O606iLe-
HHE 3TOro OMNbiTa M ABIAETCA TEeMOW HacTOA-
weH nybanKaLmH.

1.U3bICKAHHA.

H3bicKaHHA C Ueablo pa3paboTKH npoekTta
KOHCepBalMH CBAIKH, KPOMe OOLIENPHHATbIX,
AOMKHBI 00A3aTeNbHO BKAIOYATh HEKOTOpble
AOTOHUTE/IbHbIE,

a.HeobxoaumMo HMethb Oonee noapobHyw,
YyeM OObIYHO, XapaKkTePHCTHKY I'PYHTOB, 104-
CTHAAIOIINX M OKPYXaUIMX  CBarKy.
HenpemenHoe TpeGoBaHHe - oOMNpegeneHHne
KoadypuuneHra ¢praLTpalrn 3THX I'PYHTOB.

6.B TeueHWe HEKOTOpPOro BpeMeHH, MHUHHMYM
roga, HeoOXOAMMO BeCTM eXedqHeBHble
HabnloAeHHA 3a ypOBHEM TI'PYHTOBBIX BOJ B
30He cBankd. Lenb - onpegeneHne Harnpas-
(leHHA ABHMKEHHWA TIPYHTOBBIX BOJ, Kofe-

GaHMA HX YPOBHA B pa3sHble CE30HbI roda,

noayyeHne  HCXOAHOrO  MarepHana  A(A
JadbHedlller0  MOAENHpPOBaHHMA  CHTyalUHH
MerogoMm JDIfIA W AnA TPOBEPKN  OCTO-
BEPHOCTH MogdenH. [aa BbINOAHEHHA Habmio-
AeHnn obopyayeTca cucteMa Hernybokux (Ao
3-4 M) cKBaXKHH-TIbe3oMeTpoB. Kak npasuao,
YUCIO TaKkHX CKBaKMH Koaebaerca or 10
4o 20.

B.BLIMNOAHAIOCA aHan3bl PYHTOBBIX BOA A1d
BbLIABIEHUA TMATHA 3arpA3HeHHA B MaaHe, a
TakKe raybuHbl TPOHHMKHOBEHMA  3arpsas-
HeHHH. DBe3ycoBHO caedyeT 3Harb HMX
COCTAB H KOHUeHTpaumio. (1A BbINOAHEHHA
ATOH paboThbl YMOMAHYTBIX CKBaKHH-
Nbe30MeTPOB  MOMKEeT OKasaTbCAd HeqocTa-
TOYHO, OCO0eHHO ecar cBadka 3Kcnaya-
THPYeTCA Yy2Ke JaBHO, a OKpyKalolue cBad-
KY IPYHTBI XNpolo GHALTPYIOT.
r.Heo6xoaMMo MNOAY4YHTb AeTalbHyl0 THAPO-
reo(1orH4ecKyo XapaKTepHCTHRKY 30HbI
CBa(lKH,BbIABUTb €CTECTBEHHbIE CTPYKTYPbI,
ApeHHUpYLIINE TePPHTOPHIO.

. PalHoHanbHbIA MPOEKT KOHCepBalHH
CBAlKK H CaHauvH OKpYXalolieAd TeppH-
TOPHH Hedb3Ad paspabotath 06e3 noaHOH
ACHOCTH 060 Bex KOMMYHHKAUHWAX, B NEPBYIO
oyepeab - CHCTeMe KaHaln3alyn W ocylle-
HHA. HeobxoauMa ACHOCTh B MAaHaX HCIOAb-
30BaHHA TeppHNTOpHN B OydylleMm, HaMe-
YaeMOM CTPOHTENLCTBE,

B Haeane HaaeXKHO 3aKOHCepBHpOBaHHaA
CBanKka 0MKHa oOpraHnyeckH BNHUCATbCA B

Yelgava, Olaine, The results of the research
permitted to give practical recommendations,
on the bases of which corresponding projects
are worked out. Generalisation of this
experience is the theme of the present
publication.

1.INVESTIGATION.

The investigations with the purpose to
elaborate project of dumps' conservation, ex-
cept universally recognised, must include
some additional ones:

a.lt is necessary to have more detailed than
usually characteristics of the soils that lie
under and surround the dump. Obligatory
demand is to define the filtration coefficient
of this soil.

b.During some period of time, a year
minimum, it is necessary to carry on every
day observation of the soil water level at
dump's area.

The aim is to define the direction of soil
waters movement, their level fluctuation in
different seasons of a year, to get initial
material for the further simulation of the
situation by EHDA method and to test the
reliability of the model.

To carry out the observations a system of
not deep (up to 3-4 m) wells-piezometers is
made. As a rule, the number of such wells
fluctuates from 10 up to 20.c.The soil
waters' analyses are made to find out the
soil water pollution spots in a plan, as well
as the depths of pollution penetration. Of
course their composition and concentration

~ should be known. To carry out this work

the mentioned wells-piezometers won't be
enough, especially if the dump is being
exploited for a long time and if the soils
that surround the dump have a good
filtration.

d.lt is necessary to get a detailed hydro-
geological characteristics of the dump's
area, to find out natural structures that
drain the territory.

e.Rational project of the dump conservation
and surrounded territory sanitation can't be
elaborated without the full knowledge about
all communications, first of all about
sewerage system and drainage. It must be
clear about the plans of the territory use in
future, about the planned contraction.

In ideal a safely conservated dump must
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3TH NAaHbl, a 3a4acTyl0 H BHECTH B HHX
KOPPeKTHBbI.

2.AHA/TH3 PE3Y/IbTATOB HAB(IOAEHHA.

Hanbonee yA3BHMOH 4acThio OKpyaKalollleh
CBANKy cpeabl ABARIOTCA TIPYHTOBbiE BOABIL.
Mo3TOMy HMeHHO HX 3aluTe ACMIKHO ObITh
yaeneHo camoe OGoablioe BHMManne. [lo
[IAHHbIM  eXegHeBHbIX H3MEpeHHWH YPOBHA
FPYHTOBbIX BOJ CTPOATCA [lnaHbl MHAPOH30-
IHNC, AAICIUME BO3MOMHOCTL BbIABHTD rete-
panbHOe HanpapaeHHe BHXXEHHA T'PYHTOBbIX
-BO4. B ppHHUMNE, 3TO HanpaBdeHHe MOoXer
MEHATLCA B pa3HOe BpeMA roga: HanpHMep,
ecin cBanKka pacnoaomeHa BOM3H peKH, B
KOTOPOH OueHb 3HaYNTelbHbl nepenagbl
ypPOBHEH MeXay TMEepHOAOM MeMeHH H na-
BOAKA, 3HAR HanpaBieHHe ABHMEHHA IPyHTO-
BbIX BOA, MOMHO [NPHCTYIMTD K pauno-
HaTbHOMY OKOHTYPHBaHHMIO MNATHA 3arpasHe-
HHA, '

B ycnoBuax (laTBHH, Kak MpaBHAO, CBANKH
pacnonaraloTCA Ha = MOBEPXHOCTH  3€M/H,
BO3BbILIAACH Haa peabedOM MECTHOCTH Ha
HeCKONbKO MeTpoB. HHorga ee orpaxaaer
3eMAfAHOA Ban. BcoeacrsHe 3TOro,  BHE
3aBHCHMOCTH OT TOrO, XPaHATCA M B HeH
MHAKHEe HAH TBepable, HaCbIWEHHblE BOAOH
(atMocdepHble  OCagKky) OTXOAbl, YpOBeHb
FPYHTOBBIX BOJ 34eCb HMeeT - (I0KalbHoe
noBbiilleHHe, ‘Kynoa'. Ero HaanvHe ABAAETCA
O4HOA H3 MPHYHH HHTEHCHBHOIO MOCTYNAEHHA
3arpA3HeHHA B TpyHTOBble BOdpl. Ha pHc.l
npHBedeHbl XapaKTepHble MaaHbl  HAPO-
M30MHNC B pafdioHe PHMKCKOH CBadkH ‘[ernasa’
14.05,.92, n 12,07.92. Kak BHAHO, OCHOBHOE
HanpaseHne ABHXeHHA IPyHTOBbIX Bog ¢ CB
Ha 103. MpeBbllleHHe Ke OTMETKH HX YPOBHA
H3d YPOBHeM TIDyHTOBbIX BOA Ha npHae-
raoiued TeppuTopun gocturano 2,0-2,.5M. (1).

B npnHunne, 44 30HbI  HAKOMMTENA
AMHAKHX TOKCHYHBIX MPOMbILIAEHHBIX OTXOAOB
B OKpecTHoCTAX EaraBbl KapTHHAa HMAEHTHYHA.
fanee, npaKTHKa NOKa3blBaeT, 4YTO NOBEpPX-
HOCTb OTpaboTaHHOH CBankH BCerda HepoBHa
CO MHOMECTBOM MeCTHBIX T[OHHMEHHH |
MOBbILIEHHH. 2JTa eTanb BecbMa CyllecT-
BeHHa, NGO BbIHYKaaeT BbipaBHHBATb TePph-
TOPHIO CBAIKHM Mepe €€ KOHCepBalHeH.

Mbe3oMeTpbl B OKPECTHOCTAX CBANOK AAlOT
BO3MOMHOCTb OTOHpaTh npobbl BoaAbl AaA
aHann30B, Hx pesynbTaThl HaHOCATCA Ha naaH
MECTHOCTH M CTPORTCA HM3O(IHHHHM KOHLEHTpa-
LMK TeX HAH HHbIX 3arpA3HAIOIIHX BelleCTs B

organiéally join these plans and very often
bring in some corrections,

2.THE ANALYSES OF THE OBSERVAﬂOH
RESULTS. ' '

Soil waters are the most vulnerable part of
the surroundings of a dump. That is why a
great attention should be paid to their protec-
tion. According to the everyday measu-
rements of the soil water level, plans of

water-table contour are made that gives -

possibility to find ‘out the main direction of
the waters movement. In fact, this direction
can change every season; for example, if the
dump is situated near the river, where the
level overfills are considerable between the
period of low-water and high-flood. When the
direction of soil waters movement is known,
it is possible to begin a rational outlining of
the spot of pollution.

In the conditions of Latvia, as a rule
dumps are located on the land surface, rising
above the relief for some meters. Sometimes
soil bank is as a barrier round it. Because of
this, irrespectively of whether there are liquid
or solid waste, satiated - with water
(precipitation) waste, soil water level has here
a local rise, "a dome". Its existence is one of
the reasons of the intensive entrance of
pullutions into soil water. In picture 1 are
shown typical plans of watertable contour in
the region of Riga's dumps ‘Deglava’ 4.05.92
and 12.07,92. As it is shown the direction of
soil water movement is from the NE to the
SW. The exceeding of their level mark over

‘the soil water level on the adjoined territory

has reached 2,0-2,5 m (1).

In fact, the picture is identical in the sub-
urbs of Yelgava for the zone of a liquid toxic
industrial waste accumulator. Further on the
practice shows, that the surface of closed
dump is always unplin, with a lot of local
lowerings and rises. This detail is very essen-
tial because it compels to make the dump
territory even before its conservation.

Piezometers in the dumps' suburbs give
possibility to take water samples for the
analyses. Their results are plotted oh the lo-
cality plan and concentrations' isolines of

those or these pollution substances in soil .
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IPYHTOBbIX Bodax. [IPH 3TOM BaXKHO B Kax-'
[IOM KOHKPETHOM chydvae ' BbiGpath Hanbonee

NpeACTaBHTENbHOE  BelleCTBO,  COXpaHAIo-
leecH B Bode AantenbHoe BpeMA. HaoanHnn
AAOT ACTOMHHTEAbHYI0 HHGOPMaUHIO O Xapa-
KTepe paCnpoCTpaHeHHA 3arpA3HeHHy ¢
TPYHTOBBIMH BO/aMH.

12.07.

‘waters “are’ built! With all ‘this it's very impor:’
itant in every concrete case to '¢Hose“‘the”

most specific substance, that preserves in
water for a long time. These isolins give
additional information about the character of
a spread of the pollution with soil waters.

M 11000

PHC.1.lnanbl rHAPOH3OrHNC B 30He CBankH ‘feraasa’ B Pure.

PIC. 1.Plans of water-table contour at dump’s “Deglava” zone in Riga.

3.NMPUHUHITHA/DBHDBIE PEWIEHHA MO KOH-
CEPBALIMH CBAIOK H CAHALIHH MPH(IETA-
IOUIUX TEPPHTOPHH.

Ha Haw B3rag, THNOBbIE peuleHUs Mo KOH-
ceppalty oTpaboTaHHBIX CBalOK HEBO3MOM-
Hbl. B KamaOM KOHKpPETHOM cayyae AOMKHO
NPHHHMATLCA CBOE, YBA3aHHOE C MECTHBIMH
NPHPOAHOXO3ANCTBEHHBIMU YCIOBHAMH  pellle-
HHe. OaHako oTdenkHble 370eMeHTbl KOMI-
leKkca OCYLIeCTBAAEMbIX onepauur o06dA3a-
TeNbHbl BO BCEX CIy4aAX M 34eChb BO3MOMKHA
paspafoTKa THMOBBIX HAH TIOBTOPHO NPHMEHA-
€MbIX MpoekToB. OaHa W3 6esycnoBHO

HeOOXOMMbIX OnepaLni’ NpH  KoHcepBaLHH'

CBAa1KH - CO3{aHWe “KpbIUM"" HAd ' 'HEH,

MOCKOAbKY  atMocdepHble  0CaaKH, dHasTpy-’

AICh CKBO3b TENO CBAIKM, 'HACHIUIAIOTCA pas-
ANYHBIMH DACTBOPMMBIMM B BOJE 3arpAs-
HHUTEAAMH M OTPaBAIOT rPyHTOBbIE BOAbI. A
CO3(laHHA BOJOHENPOHHLAEMOro 3KpaHa Haa
cBalKko# Hanbonee PpalUMOHATLHO  HCMOMb-
30BaTb NOMMMEpHbIA  MAEHOYHBIA  3KpaH.
TexHonorns CTPOMTENbCTBA TaKOro 3KpaHa
orpaboraHa, a ero HageXHOCTb NpoBepeHa
npaktikoH, [laAa  CcTpoHTenbhCrBa  3Kpada,

3.FUNDAMENTAL SOLUTION OF DUMPS’
CONSERVATION AND ADJOINED TERRITORIES’
SANITATION.

To our opinion, standard solutions for al-
ready closed dumps' conservation are
possible. In every concrete case must be
taken its own, connected with local natural
economic conditions solution. But some
elements of the executing operations'
complex are obligatory for all cases and here
is possible the elaboration of standard or
repeatedly used projects. One of the

_absolutely  necessary operations ‘at ‘dump
i conservation - to" make ‘"a ‘roof over'it,

because ‘precipitation filtering' ' ‘through™ ‘a

'dump's’ body afé ‘satiated ‘with" dissolvable -in
"water contaminators and toxicate soil ‘waters.

For the creation of an tinpermeable to water
screen over the dump it is the most efficient
to use a polymer film screen. The technology
of such screen building is worked out and its
safety is proved by practice. For this screen
building, first of all, a plain surface without
any inclusions of big size that may cause
screen damage must be prepared. Usually the
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npexae Beero,. AoaKHa- 6biTh NOArQTOBNEHA
POBHAM - TIOBEPXHOCTh, - 6€3°: KPYMHbIX BKHO-
YeHUH, CNocoBGHBIX MOBPeAuTh KpaH. OO6bI-
HO MNOACTHAAIOWHMA CIOA OTChINAaeTca H3
(IeTKOrO TpyHTa - lecka Han cymecH. HMenHo
TaK MO>KHO NOCTYIHTb H CO CBA(KOH TBEpPABIX
oTXo40B. QOAHaKo, ecan nobAH30CTH HMeeTcA
30100TBa71, TO  OTKpbIBAaeTcA  Xopoiuas
BO3MOXHOCTb,  CO3AaBad  MOACTHAAIOIINA
naeHKy CAOA OAHOBPeMEHHO oCBODOAHTD
30000TBanbl. 3012, OCOBEHHO TpaHCMOPTH-
pyeMad CHCTeMO¥i THAPO3OOOydalleHHs, Tpesa:
craBafer CoBoOM  AOCTarOYHO  OAHOPOAHYIO
Maccy 6Gea rpyGbix BrmoueHuit. [pH KOHCep-
BalliM cBankH ‘fernaBa’” B Pure Obiao
NpeadoeHO HCNoab3oBarb 304y PHAKCKOH
T3Ll-1. Ipn 3TOM, npaBada, BO3HHKaeT o/JHa
npobieMa. OHa CBfi3aHa C TeM, 4TO B Tene
cBalKH ofpa3zyeTcA MeTaH, CepoBOAOPOA H
ApyrHe rasbl, KOTOpble CKaliHBaACh oA
AKpaHOM, MOTYT NPHBECTH K BO3HHKHOBEHHIO
aBapHHAHOM cHTyalMHn. [nA OTBeJeHHA 3THX
razoB Moa 3KpaHOM CO34aeTCA CrieLHalbHbIA
razoBbll  gpeHax: Memay TeM,Kak 30M1a
NPOBOAHT rasbl - HEH3BECTHO. ITO BLIHYANIO
Hac BbIMONHNTb CEPHIO 3KCNEPHMEHTOB ANRA
BbIACHEHHA rasonponnuaeMoctn (W) 3onbl B
3aBHCHMOCTH OT AABNEHHA ra3a, BAaKHOCTH ¥
TOALIMHBI COA 30(1bl OHAa 3HAYMTENbHO MeHH-
erci. Hanprumep npu naouwagn ~ O,43 KB.M.
OHa Korebanach or 12 ao 60 Ky6. AM./MHH.
(pnc.2). TeM He Metee, ACHO, 4TO 300ta 06na-

AaeT AOCTarOYHOH ra3onpoHHLaeMOCThbIO,

-underlayer: for-the film is:’made of light doil-

sand or sandy ‘loam: It is possible to act: in
the same way towards the solid waste dump.
But, if ash dump is near there appears a
nice possibility to free ash dumps when
making underlayer for the film, Ash,
especially transported by the system of
hydroashremoval, is a rather homogeneous
mass without any rough inclusions. At the
dump 'Deglava’ conservation in Riga it was
offered to use ash of Riga's TES-1.

But one problem arises then. It is
connected with the fact that methane, hy-
drogen-sulphide and other gases are formed
in the dump body that accumulating under a
screen may cause an incident situation. To
draw these gases aside a special gas drainage
is made under the screen.

But it is unknown how ash conducts
gases. This made us to carry out a series of
experiments to find out ash permeability to
gases (W). In dependence of ash layer it
considerably changes. For example, at area
of 0,43 m square it fluctuated from 12 to
60 cube dm/min (PIC. 2).

Nevertheless, it's evident that ash is
enough permeable to gas, To increase the in-
take ability of gas drainage it is offered to
strew the pipes with a sand of a middle or
big grain size or wrap with geotextile.
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PUC 2. laszonponnuaemocts (W) zonbl Prxckon TOU-1 B 3aBHCHMOCTH OT JaBlieHHs rasa
(P) ¥ TomuHHbL Caox (1). ( - BAAKHAHA 3003, cyxasa 3oaa )

PIC. 2. Ash permeability to gases (w) in dependence of gas pressure (p) and thickness of
the layer (e) (— wet ash, dry ash) :
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Adaa Toro, 4roObl YBEeNHYNTb TPHEMHYIO
CnocobGHOCTL TIa3eBOro ApeHasa, npeaanara-
ercA ero Tpybbl obcbinarb CpeaHe HAH Kpyn-
HO3EpHHUCTbIM  meckoM, aubo  oGepHyTb
reoTeKCTHEM.

Haa 3KpaHOM OTCbINAaercA 3alMTHbIA Caoh

rpyHTa. 3peCb YyKe HCNob3oBaHWe 300bl
HeAOMyCTHMO. B IpPYHT 3alWIMTHOrO CIOA,
HeNOCpeACTBEHHO Haa SKpaHOM, YKaadpl-

BaeTcA ApeHax, Ha3HayeHHe KoToporo -
OTBOA BOAbl aTMOCKEPHbIX OCAAKOB H NOACT-
paxoBKa Ha cay4all MeCTHbIX TMOBpeXAeHHA
N(E€HOYHOrO 3KpaHa.

HecmorpAa Ha BCe€ 3TH Mepbl, TNOMHOA
rapaHTHy 6bicTporo npeKpaileHHa
3arpA3HeHHA TPYHTOBbLIX BOA B 30HE CBAIKH
Her. Teno CBANKHW, eCAM OHO 3HAYHUTENLHO
(HanpuMep, ‘(eraasa’ B Pure: naowadb 6onee
20 ra, caon Mycopa - 18-20M.) 1 HacblllieHO
BOgOH, elle gomro Oyaer BblAeIATb B
IPYHTOBble BOAbI OTpaBAeHHbIH HAbTpaT.
MostoMmy B panoHe cBaakH obopyayerca
cHcTeMa BepTHKaabHbIX APeH, HMMEWHX, No
KpaiHen Mepe - TpH HazHayeHHA:

ofecnevyeHne pa3pbiBa YpOBHeR BOAbl, CO-
AepXalleAcs B TeNe CBalKkH, H TPYHTOBbLIX
BOA;
NOCTENEeHHY1v OTKa4yKy BCeH
BOAbl H3 NATHA 3arpA3HeHHA;
AOCTYNT K TpYHTOBbIM BogaM Aaa ot6opa
npo6 Ha aHaan3 - KOHTPOab 3 PEKTHBHOCTH
NPHHATLIX Mep. '
3arpAsHeHHble BOAbI M3  BepPTHKAIbHBIX
APeH  HanpaBAfIOTCA B CYLIECTBYIOLLYIO
KaHa/lM3aLuuio M ganee Ha OYHCTHbIE COOopY-
MeHna anbo Ha CrHeunanbHO TNOCTPOEHHOe
fI0KabHOE O4YHCTHOE coopyXkeHune. Tlocae
3aBeplUeHHA Npouecca OTKa4KkH 3arpa3HeHHoN
BOAbI BepPTHKalbHbie ApPEHbl  CTAHOBATCH
AONONHUTRABHBIM HCTOYHMKOM XO3AHCT-
BEHHOro BOAOCHAOXEeHMA WKW HCROAb3YIOTCA
ANf CO31aHMA 30H PeKpeauuH, pPbIGOBOAHBIX

IPYHTOBOA

npyaos #  T1.4JlpH  OTCYTCTBHH  Takon
HeoOX0AHMOCTH, BepTHKadbHbie ApeHbl
BKAIOYAIOTCA  (HLIb  [ePHOAHYECKH  TpH

Pe3KOM MOBbILIEHHH YPOBHA [DYHTOBBIX BOf.
PaunoHanbHOe pa3MmellieHHe CKBaXKHMH, WX
AeberT, BpeMA OTKayku BOAbl H3 MNATHA
3arpA3HeHHs, YPOBHH TIpYHTOBbBIX Bod B
33aBHCHMOCTH OT pexnMma paboTbl BepTHKa(lb-
HbiIX /[peH - BCE 3TO PeEUIAeTCA MeToaoM
raA. y
llpneMbl KOHCepBaLMK HaKoNHTenen Mnd-
KHX OTXOAOB HECKO/IbKQ OTAHYAIOTCA OT NpH-
MeHfieMbIX A CBafloOK TBEPAbIX OTXOAOB,
XOTA OCHOBHble NMPHHUHNDBI COXPAHAIOTCA.

A projective soil layer is strewed over the
screen. To use ash here is inadmissible, A
drainage is put into the protective soil layer
directly over the screen, the purpose of
which is to take aside precipitation water and
to insure for the case of film screen local
damages. In spite of all these there is no full
guarantee of a quick stopping of soil water
pollution in the dump zone.

The.dump body, especlally if it is large
(for example, ‘Deglava’ in Riga: area is more
than 20 ha, rubbish layer - 18-20 m) and is
satiated with water, will educe toxic filtrate
into soil waters for a long time. Thats why a
system of vertical drains is installed in the
dump region which have, at least, three
purposes:

to ensure the break of the level of water
containing in the dump body and soil wa
ters; '

gradual pumping of all soil water from
the pollution spot;

access to soil waters to take samples for
the analyses - the control of taken
measures' efficiency.

Polluted waters from vertical drains are di-
rected to the existing sewerage and further
on to the purification plant or to specially
built local purification plant. After the
completion of the purified water pumping
process vertical drains become an additional
source of economic water supply or are used
to create a zone of recreation, fish farming
ponds etc.

If such necessity does not exist vertical
drains are engaged only periodically at a
sharp rise of the soil water level.

Rational dislocation of wells, their dis-
charge, time of water pumping from pollution
spot, soil water levels in dependence on the -
vertical drain work regime - all this is soived
by EHDA method.

Ways of liquid waste accumulators' conser-
vation in some way differ from ones used for
solid waste dumps, though main principles
are preserved,

We'll scrutinise this on the example of a
liquid toxic waste accumulator in Yelgava (2).

Dangerous for the surroundings liquid is
kept in the accumulator consisting of 4
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PaccMOTpHM 2TO Ha nNpHMepe HaKolHTenA
MWIAKHX TOKCHYHBIX OTXOA0B B Earaee (2).

B HaKomnHTene, COCTOAIEM H3 4 TNpyAoB,
XpaHHTCA ofNacHad /1A OKpyXalolled cpeabl
KHAKOCTL, CoOOpyMeHHA HaKolHnTeaa HeHa-
AeXHbl. B KoHue 80-bIX rogos yKe Nponso-
maa apapHA, COMNPOBOKAABLUAACA MNPAMbIM
nonagaHHeM TOKCHYHBIX OTXO4OB B PeKy
CBere. HMennch AOCTaTOYHO OOGLUHPHBIE AaH-
Hble @aHanH30B Mpob rPYHTOBBIX BOA H MOYBbI
B OKPECTHOCTAX CBallKH, CBHAETENbCTBYIOLIHE
o0 omacHOM HMX 3arpA3HeHHH, npexde Bcero
TAXeabIMn  MetadnaaMd  (puc.  3). Tosromy
NpeACTOANO AaTh KOHKpeTHble MpefIONeHHs

He  TOALKO  OTHOCHTENbHO  HadeMHOM
KOHCEpPBaLMH CBa(KH, HO H Mep YyAdneHHA
OYHCTKM [PYHTOBbIX BOA H3  OOLIHPHOrO
NOCTOAHHO PaclIMPAIOLLErocA NATHa
3arpA3HEeHuA.

HccnenoBanwa, BKMOMaBILME MTeNbHble

HabmogeHna 3a XO[OM YPOBHA TI'PYHTOBBIX
BOA H YPOBHAMH OTX0A0OB B [pydax,
MOoAeqHpOBaHHe Ha  31eKTPOrHapoAHHaMH-
YeCKHX Modeafax, H3yyeHne anTeparypbl H
TeXHOIOTHYECKHX acleKToB NnpobaeMbl, No3Bo-
NN NPEAAOKUTD CASAYIOWNA KOMIeke Mep
NMo KOHCEpBALMH H CaHaUMHK CBalKH.

1.B  orpaauMrenbHblX H pasdeqHTeqbHbIX

aambax Tpex npyaos HaKonuTenen
yKa1aablBaeTcA MAacTMacCcoBblA - APeHaX ¢
BBICOKOH  BOJOMNPHEMHOH  CrOCOBHOCTHIO,

MNepexsarbiBaeMble ApeHaxeM Boabl c6pa-
CbIBAIOTCA B YeTBEPTbIH, paclooMeHHbIA
HHXKe apyrHx, npya.

llenh 3TOro MepoMNpHATHA - TOHHMKeHHe
COodepiKaHHA Bo/bl B HaKOI(IEeHHbIX CTOKax,
HX KOHCOHAALHA.

2.0 ncreyeHHH HEKOTOPOro BPEMEeHH I1o
Mepe KOHCOMHAaUHH H CTOKOB TPH BeDXHHX
npyda 3achinaloTcA MHHepanbHbIM TPYHTOM
(MeCKOM H(H Cyrechio).

lleab MepONpPHATHA - CO3daHHE OMOpbl H
NOACTHAAIOWIEro C(I0A AA THAPOH3O0(AUHOH-
HOro MaeHO4YHOro 3KpaHa.

3.M3 HHKHero npyda TOKCHYHbIE CTOKH
nocne CoOOTBeTCTBywLUero pasbabneHna (B
paccMarpHBaeMOM cay4dyae MHHMMYM 1:30)
No cCreunanbHO MOCTPOeHHOMY TpyOoripo-
BO4y BBOAATCA B TOPOACKYIO KaHaaH3zalmy-
OHHYIO ceTb H Janbllle Hanpas/AAIOTCA Ha
OMHCTHbIE COODYKEHHA.

Uenb - nocreneHHoe yganeHHe H3 CBallKH
OCHOBHOH MacChl TOKCHYHbBIX CTOKOB.

4.Tlocne OMOPOXHEHHA HHAKHEro npyaa
OH TakXe 3aCbilaeTCA rPYHTOM H Bce
YyeTbipe npyda NepeKpbiBaloTCA MIEHOYHBIM
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ponds. The accumulators constructions are
not safe. There was an incident at the end of
80-ies that caused direct getting of toxic
waste in the river Svete. There had been
wide analyses data of soil water and soil
samples in the dump suburbs that indicated
about their dangerous pollution, first of ali -
with hard metals (pic.3). So we were to give
concrete. offers not only what concerned the
safety of dump conservation, bat also meas-
ures of soil waters removal and purification
from a vast constantly widening poliution
spot.

Researches that included long-term
observations of the soil water level
movement and waste levels in ponds,

simulation on electrohydrodinamic models,
study of literature and the problem's
technological aspects permitted to offer the
following complex of measures on the
dump's conservation and sanitation.

1.Plastic drainage with high permeability
to water is laid in a barried and separating
dams of three ponds. Intercepted by
drainage waters are thrown in to the fourth
one, located lower. ‘

The aim of this step - lowering of a
water content in the accumulators, the
consolidation of settled sludge.

2.After some time as drains are being
consolidated three upper ponds are filled
up with mineral soil (sand or sandy loan).

The aim of this measure - to make a
support and underlayer for the
hydroisolative film screen.

3.Toxic run-offs from the lower pond
after the corresponding dilution (in this case
minimum 1:30) are removed to the city's
sewage system through specially built pipe
and further are directed to the purification
plant.

The aim of this measure - gradual
removal of toxic run-off main mass from
the dump.

4, After becoming empty the lower pond
also is filled with soil and all four ponds
are covered with a film screen, under which



3KpaHOM, TMO4 KOTOPbIM NpeaBapHTEIbHO
yKaaAblBaeTCA ras’oBblfl ApeHa,

Leab - cozgaHHe "KpbIIH' Hag CBAIKOH H
npekpallleHHe MNOoCTynaeHua atMOChepHbIX
ocankoB. T'azoBbIfi [ApeHaX AomKeH obec-
MevHTb OTBOA CKOMMBLUMXCA 04 3KPaHOM
rasos.

5.Haa 2KpaHOM OTCBINAETCA 3AaLUTHLIA
CNOA TpyHTa, B KOTOPOM YyKaaablBaeTcd
NAacTMaccoBblff ApeHaX, H OCYLEeCTBaAercA
3anyseHne NOBEePXHOCTH TpyHTa.

Llens - npeaoTBpalleHHe MeXaHH4eCKHX
noBpeMaeHHi NIeHOYHOro 3KpaHa,
rapaHTMsa TnpedoTBpalleHHd MpoCaYHBaHHA

BOAbl B TeNO CBalkH B caydae Haau4MA
noBpexaeHnA 3KpaHa, He 3aMe4yeHHOro B
xone CTpOHTENbCTBA, ¢opMnpoBatne

6GnaronpHATHOrO MaHaadra.

gas drainage preliminary is laid.

The aim is to make "a roof over the -
dump and to stop the entry of precipitation.
Gas drainage must secure the removal of
gases accumulated under the screen.

5.A protective soil layer is spread over
the screen where plastic drainage is put and
a lawn is made on the soil surface.

The aim - to ‘prevent film screen from a
mechanical damage, to guarantee the
prevention of water infiltration into the
dump body in case the screen is damaged
and it is not noticed during the process of
building, to form a favourable landscape
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PHC 3.CpaBHnTenbHoe npesbitledde K no TAXKeabiM MerandaaM B Boge M3 npyaos 1-4

(Enrasa).

PIC. 3. Comparative content of hard metals in waters from the ponds No. 1-4 (Yelgava)

6.Bokpyr
AaHHBIMH
MOAeNMMpPOBaHHA

CBalkM B COOTBETCTBMH C
3(1eKTPOrnApOAHHAMHYECKOTO

pacnoaaraercd  CHCreMa
BEPTHKAIbHbLIX  APeH, H3  KOTOpPbIX ¢
MOMOWIbID HACOCOB OTKaYMBaeTCA BOAa,
nojawoliaAacad Ha y3en pa30aBaeHHA TOKCH-
YHOH KHAKOCTH H3 HHXKHEro npyaa.

Lenef HeCKOAbKO: MOAYYeHHE BOAbl 1A
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.6.A system of vertical drains is displaced
around the dump according to the data of
electrohydrodinamic simulation, from which
with the help of pumps water is pumped
out and is drived to the toxic liquid from
the lower pond dilution unit.

The aims are several: to get water for
run-offs' dilution; to lower soil water level



pazbaBieHnA CTOKOB; TOHHKeHHe YPOBHA
rPYHTOBbIX BO4 M ofecneyenne paspbiBa
ypOBHeH BOAb! B I'DYHTE W B Teae CBAKW;
obecneyete BO3MOKHOCTH otGopa Mnpob
BOoAbl B 30He CBanKH /1A KOHTPONA ee
KayecTna.,

BbInonHeHHblEe HCCOedOBAHMA  MO3BOHAH
copMyanpoBaTb HEKOTOpbie 06lIHe MPHHLH-
Nbl KOHCepBaLUMH  CYIUECTBYIOIHMX CBalokK
TBepAbIX H KMAKHX OTXOOO0B.

1.MToCKoNbKY, MPaKTHYECKH, BCE paclono-
JeHHbie B (laTBHH cBankn He 0oOopyaoBaHbl
AO0XKHBIM 06pa3oM, X KOHCepBalMA AOMKHA
B o0DsA3areqbHOM MOPAAKE CONPOBOMAATHCA
cnelHaqbHbIMH MepaMM 10 YAaneHHI0 H
OYHMCTKE 3arpA3HeHHbIX TPYHTOBbIX BOL.

2.KoHcepBallMA CBaAOK AOMKHA BKAIOYATh
caedyloliue 3Tarnbl:

H3bICKaHHA C Leabio BbIAB/IEHNA
Xxapaktepa W  MacwitaboB  3arpa3HenHs
OKpy2Kaloten cpedpl H YCIOBHHA
KOHCepBaLVH;

aHaNH3 MaTepHanoB H3bICKAHHHA, BbINOAHE-
HHe  HeoOXOAHMBIX  HCCAeJOBaHHM - H
pa3paboTKy _ NPHHLMMHATBHBIX
KOHCTPYKTHBHbIX peLlieHHH;
pazpaboTky NpoeKTa KoHcepBalUnH
(cosgaHHe "KpbILIK' HaA CBaAKoH M ra3oBoro
[ApeHaxma noa Her, obopyaoBaHHe CHCTEMbl
BEPTHKAMBHBIX ApeH (1A OTKAaYKH 3arpas-
HeHHbIX BOJ W obecrievyeHHA pa3pbiBa YPOB-
Hell MeXay I'PYHTOBbIMH BOgaMH H BOAAMH B
Tene CBalKH, CO3JaHHE CHCTeMbl KOHTpoas
Ka4yecTBa IPyHTOBbIX BOJ B 30He CBAnKH).
3.00n3arensHoe  61aroyCTpOACTBO  3aKOH-
CepBHPOBaHHOH CBalKH W npHaeralowed Tep-
PHTOPHH, BKAOYalONlee HX XO3AHCTBEHHOE
HCMONb30BaHHe.

4.K cBanKkaM J0nxHbl ObITb OTHECEeHbl TaK-
e 300100TBabl, LIIAMOHAKOMUTEH W ApYrHe
HAKOMHUTEAX [IPOMbILLIIEHHbIX OTX0A0B,

5.B MeponpHATHAX MO KOHCepBalHH OTpa-
6OTaHHbIX CBanoK Hanbonee nepcrneKTHBHO
HCNOAb30BaHHE TOANMEPHbIX H3JeMHA B CHay
cnelndHUYeCKHX NPUCYLUHNX UM CBOWCTB (XHMH-
YyecKkad CTOMKOCTb, 31aCTHYHOCTh). B nepsyio
ouyepeab 3TO MOMMMEPHblE [EHKH, PYIOHHble
3alWHTHO-pHAbTPYIOUIHE MarepHaibl H3
CHHTETHYECKHX BO(IOKOH, ApeHaxHble TpyObl.

HMCTOYHHKH,
1‘.VZFl ‘Lauksaimniecibas polime'ri. At

skaite par tematu:” Izpe'tes darbi un konkre'tu
rekomendaciju izstrada's'ana ‘Deglava’ izga'z-

and secure the break of water levels in soil
‘and in the dumps' body; to secure the
possibility of water samples taking in the
dump zone for its quality control.

The fulfilled researches allowed to formu-
late some general principles of conservation
of solid and liquid waste existing dumps.

l.As far as, practically, all dumps located
in Latvia are not equipped in a proper way,
their conservation must be accompanied in
obligatory order by special measures on pol-
luted soil water removal and purification.

2.The dumps' conservation must include

the following stages:

the investigation aimed to find out the
character and the scale of the surroundings
pollution and conservation conditions;

the investigated material analyses, the ful-
filment of the necessary researches and the
elaboration of fundamental constructive
solutions; '

conservation project's elaboration (creation
of "a roof* over the dump and gas drainage
under it, equipping of vertical drain system
for polluted water pumping and securing the
level break between soil waters and waters
in the dump body, the creation of system
of soil waters quality control in a dump
zone).

3.0bligatory organisation of all amenities
of a conservated dump and adjoining
territory, including their economic use.

4,To dumps must be referred also ash
dumps, slurry accumulators and other
accumulators of industrial wastes.

5.In measures for the closed dumps' con-
servations it's more perspective to use poly-
mer articles by force of their specific proper-
ties (chemical resistance, elasticity). First of
all these are polymer films, rouleaus protec-
tivefiltrative materials from synthetic fibre,
drain pipes.

THE SOURCES.

1.VZPl ‘"Lauksaimniecibas polime'ri'. At-
skaite par tematu:" Izpe'tes darbi un konkre'tu
rekomenda'ciju izstra'da's'ana 'Deglava" izga'z-
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CO34dAHHE M NMPHMEHEHHE MOAY1bHOIO
MPHHUHIA B TEXHO(IO'MH OYNCTKH

CTO4HbIX BO
L e e

Py6ururenn i0and boprco-

BHY,A.T.H. 1Ipogh., HOTT

AebepaeeB Hapaap Xamsu4,A.T.H.,mopg., HOTT
bBapckur (des AGpamosny a.1.H., HITKOH
KoprieeB Baaagncaas Bruxroposud, HOTT

TE3HCbl

PacMoTpeHbl OCHOBHble Crocobbl OYMCTKH
CTOYHbIX BOA TMpe-ANpHATHA OT Macend, HKH-
poB, HedTenpoAyKToB H  HepaCTBOPHMBIX
B3BelEHHbIX YacTHLL

Mpn nonagaHnH KHpPOB H HedTENPOAYKTOB
B BOAY,OHM pac-TIpOCTPaHAIOTCA Mo [loBep-
XHOCTH OJIHOMOOEKYIAPHbIM C(I0EM H YAaCTHY-
HO pacrBopAloTcA. [IOBEpXHOCTHaA OpraHH-
yecKkad [ileHKa TpenATCTByeT HacCbILEHHIO
BOAbl KHCAOPOAOM, 3arpydHsaer npo-uecc ¢o-
TOCHHTE32 M H3MeHAeT TenaoobMeHHble Xa-
PaKTEpHUCTHKH BO/BI.
~ PacTBOpeHHbIe B BOde Maci0 H Hedrenpo-
AYKTbI HeBHAMMblE W TPYAHOBbIAEAHMBbI. OHH
YacTo ABAAIOTCA MPUYHHOA HENPHATHOINO 3a-
naxa BOAbl M Aerko MonagaloT B [HTbeBYlO
BOAY.

[axe orgeqeHHOM OT BOAbl COCTOAHHMH
Macna, MHUpbLH Hed-TenpodyKTbi, 'a TaKkke
TBepAble OCAAKH,3arpA3HeHHble UMH, Tpe-ByloT
AOTIOIHHUTENbHONO 00e3BOKHUBAaHMA W CreLH-
anbHbIX crnocoGoB  yruamsauud.  [lo3aToMmy
npobAeMaoHHCTKH CTO4YHBIX BOA Npeanpus-
THH [peAcCTaBlfAeTcA BeCbMa HacylHOW H
TpebyoLueld KOMIIEKCHONO noaxo/a.

Mpeanpuatns, ¢ 06HEMOM CTOYHBIX BOA B
npegenax 10M3/4, OCHaUleHBl B HacToAllee
BpeMA NOA3eMHbIMH CaMOTOYHBIMH O4HCTHBIMH
COOPYKeHHAMH H YCTaHOBKaMH THIIA KpHcradn.

MprMeHseMble B 06OMX Cay4yadX MeTOAbl
OYHCTKH - OTCTa-MBaHHe H HUATPAUMA, 3K-
CTeHCHBHBI MO CBOeMy NDHHLHMIY, T.e. 3¢-
(eKTHBHOCTD OYHCTKH CTOYHbIX BOAbI Mpo-

NMopLUHOHAIbHA BpPEME-HH  OTCTanBaHnA H
obwvemy GHHABTPALIMOHHOINO MarepHana.
KoMmnnekc nposegeHHbIX HUcaeq0BaHNA

no3Boana pa3pabo-Tath TEXHOMOrHI0 H 0OOpy-
AOBaHHe, MpeAHasHa4deHHyl0 AaA8 OYH-CTKH
‘CTOYHBIX BOA A0 TpebyeMbiX YypPOBHeA KOH-
LeHTpPalMH N0 He-PTenpogyKTaM H B3BelleH-

DEVELOPMENT AND APPLICATION MODULAR
PRINCIPLE IN TECHNOLOGY OF WASTE WA-
TER TREATMENT

Juljus Rubinstein Doctor of Technical Sci-
ences, Prof., ISFFP

lldar Deberdeev, Doctor of Technical Sci-
ences, Frof.,ISFFP

Lev Barsky,Doctor of Technical Sciences,
Prof., ICDMFR

Viadislav Komeev, Engineer, ICDMR

SUMMARY

There have been considered the main
methods of waste water purification of enter-
prises from used oil, grease, oil-products and
insoluble suspended particles.

While penetrating into the water grease
and oil-pro-ducts spread on the surface by
singlemolecularilayer and partly are dissolved,
The surface organic layer prevents oxygen
water getting, makes the process of photo-
synthesis more difficult and changes heat-ex-
changing characteristi-cs of water.

Oil and oil-products in the water are in-
visible and hard extracted. They often cause
unpleasant water smell and easily penetrate
into drinking water.

Oils, grease and oil-products even being
separated from water, and also solid sedi-
ments, polluted by them, require additional
dewatering and special methods of utilization,
That's why the problem of waste water purifi-
cation of enterprises is regarded as really ac-
tual and requires a complex approach.

Enterprises with waste water volume
10m3/h are supplied now with subway gravity
purification constructions and equipment like
"Crystal",

Purification methods-sedimentation and fil-
tration, applied in the aboth cases are exten-
sive by their principle, that is.treatment the
efficacy of water is proportional to time
sedimentation and filtration material volume

The complex of the investigations made it
possible to develop technolodgy and equip-
ment for waste water purification to the re-
quired concentrationoil-products and sus-
pended substances. - Our fundamental new
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HbIM BellecTBaM. [IpHHUMMHAAbHAA HOBH-3Ha
Hauwiero noaxoda CBA3aHa C HCIIONb30BAaHHEM
MOAYABHOTrO TMPHHUMIIA KOMMAHOBKH TeXHOA0-
rmu H obopyaoBaHHA.

BcA ycraHoBKa COCTOMT H3 TpeX He3aBH-
CHMBIX Modyder, Kamabli H3 KOTOpBIX MOMeT
paboraTb aBTOHOMHO. MoOAY(IbHBIH NpPHH-HII
No3BoafAeT OpraHH3oBaTh TMOKYID TEXHOAOIHIO
OYHCTKH. B 3aBHCHMMOCTH OT 3ada4, CTOAUIMX
nepea HCnoabsopareneM, mMoxeT OblTb 3anen-
CTBOBaH OJHH MAM aABa Moayns 18 OpraHH3a-
Ui  oDOpPOTHOrO BOAOCHAOMEHNA HAM BCA
ycraHoBKa aaa cbpoca Boabl B KaHaaMaaLy-
OHHYIO CHCTEMY HIH BOAOEM.

ModyabHas KOMIIOHOBKa IO3BOAAET CBECTH
K MHMHMMyMy 3aTparbl Ha MOHTaXK M Hanagky
obopyroBaHnAa. BCA yCTaHOBKA MOMKeT ObITb
CMOHTHPOBAHa B 3/1aHHH aHrapHoro THMa, 4To
TaK-Ke CHHXKaeT KalHTanbHble 3arparbl. [lpe-
MMyILIECTBA MpeddaraeMoH TeXHOIOTHH T10
CpaBHEHMIO C MNpeadaraeMbiMH B PoccHu n Ha
3a-nadge CeBA3aHbl C pa3paboOTKOM, OPHrHHAb-
HbIX arnnaparoB HCIONb-3yeMbIX B CXeMe O4H-
CTKM Bogbl. PaspaboTaHHble KOHCTPYKLMH
TOHKOCOMHOIO OTCTOMHHKA, HaropHoro d¢ao-
TaTopa W aAre3HoH-HOro MacaoCheéMHHKa No3-
BOAHAH CHH3HTb JHEPrOeMKOCTb, Me-TanaoeM-
KOCTh M rabapHTHble pasMepbl YCTaHOBKH H
NOBbICHTL 2P GHEeKTHBHOCTh OUHCTKH,

OCHOBHBIMH annaparamn 1 MoaynA ABIAET-
CA TMAPOUHKAOH U TOHKOCAOMHBIA OTCTOHHHK,
OCHalleHHbIA aare3MOHHBIM MaCI0Ch-EMHHKOM.
Moaymb mno3BoaAeT COKparnTh Ha MOPAAOK
cogepXxaHHe B3eBellleHHbIX TBepAblX YacTHU W
B ABa-TPH pasa YMeHbLWHTb CO-depKaHHe
3MYIbIMPOBAHHBIX HedTENpoAyKTOB,

2 Moaynb npedcTaBaseT cobOOW YCTaHOBKY
HarnopHoH ¢ao-Taunn. [pn gobaBneHny pea-
reHTOB KOaryafHTOB CTeNeHb OYHCT-KM BOAbI
OT B3BELUEHHbIX BellecTB gocTHraer 99.5% u
OT 3MYydb-THPOBAHHBIX H PacTBOPEHHbIX Hed-
TENpOAyKTOB 40 90-98%.

3 MoAyab, OCHalleHHbIH HabopoMm copbum-
OHHbIX HanopHbiX QHALTPOB, MpegHazHayeH
A0A  JOBOAKH IpybOOYHILIEHHBIH W 06ec-Tbl-
(1eHHOA BOAbl A0 MpeaAeNbHOAONMYCTHMbIX KOH-
LUeHTpaLH#.

Npeanaraemans TexHonorua npowia mnpo-
BepKy Ha pAge MNpeAnpPUATHA - KeMepOoBCKOH
obnacth n MocKkBbl. OnbIT 3KCNAyara-UMH
MOKa3an BbICOKYI0 3Q¢EKTHBHOCTb [IpHMeHA-
€MbIX MeTOA0B, BO3MOXKHOCTb [MOdYy4YeHHa BO-
Abl C Pa3saHYHON CTerneHbly ry6oKOR OYHCTKH
H BO3MOMKHOCTb NONYyYeHHA BbICOKOH KOHlieH-
TpalMH Bbl-AeneHHbIX HedTenpoayKToB, NpH-
FOAHBIX K YTHAH3ALHH,

approach is connected with modular principle
use of technology and equipment.

The equipment consists of three inde-
pendent moduls each of them can work
separately. The modular principle makes it
possible to arrange flexible purification tech-
nology one or two modules can work for re-
circulating water supply or the whole equip-
ment for water release in canalization system
or to a pond, depending on tasks, the user
faces.

Modular system makes it possible to have
minimum expenses on assembling and
equipment amranging. The whole equipment
can be assembled in the hangar type
building, that  decreases fundamental
expenses, The advantages of the suggested
technology in comparison with the same ones
in Russia and in the West, are connected
with the development of original apparatus
used in water treatment flows heet.

The developed constructions of thin
layered sediment settler, commpressed
flotator and adhesive oil separator made it
possible to reduce energy and metal capacity
and size equipment and to increase
purification efficiency.

The main apparatus of the 1-st module are
hydrocyclon and thin layered sediment setteer
equipped with adhesive oil separator. The
model- makes it possible to reduce the
contents of suspended solid particles by an
order and to decrease the contents of
emulsified oil-pro-ducts in 2-3 times.

Module 2, is an equipment of compressed

flotation. Adding reagents-coagulants,
purification water degree from suspended
particles reaches 99,5%, and from

emmulsified and dissolved oils to 90-98%.

Module 3, equipped with a set of sorbtion
compressed filters, is applied for making
purified and dedusted water to limit required
concentrations.The  suggested tech-nolodgy
was tested at some enterprises of the
Kemerov region and Moscow. Its exploitation
showed a hign efficiency of applied methods,
the possibility of getting water with a
different degree of deep purification and
possibility of getting high concentration of
extracted oil-products available for utilization,

The total equipment flow sheet is shown
on Tig.l1. It can be added with ozonator,
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Obuiaa cxemMa YCTAHOBKH TMpHBedeHa Ha
pnc.l. OHa Moxer ObiTb JOTONHEHA O30HATO-
poM, MemOpaHHBIMH GHATPAMH MOXET BapbH-
poBaTbCA XapaKTepHCTHKa copbenTtoB. Bce
3TH AONO(-HEHHA CBA3aHbl ¢ TpeOGOBaHMAMH K
CTerieHH OYHCTKH BOABL.

PaspaboTala TeXHM4YeCKas AOKyMeHTalus
Ha YCTAHOBKH MPOH3BOAMTENbHOCTBIO 5-10;20-
25; 50-60 m3/u4.

membran filters, the sorbent characteristics
may be changed. All these additions are
connected with requirements to water
purification degree.

Technical documents for equi ment with
productivity 5-10; 20-25; 50-60 m</h are de-
veloped.
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NCCAEAOBAHHE IO OYHCTKE
MOIOIINX PACTBOPOB

C.A. CasHrueBa,K.X.H., H.M. CeKHcoBa,
10.H. Oxonckas, B.A. KorqocaHoBa
HHCTHTYT HEOpraHHYECKOH XHMHH,

CubrHpcroe Orgedaerine PAH, HoBocHOHpCK

C Ueablo HccAeOBaHHA  BO3MOMKHOCTH
OYHCTKH OTPabOTAHHBIX MOIOIHX CPeacTB Ha
ocHoBe HeHoHorenHbix TTAB ( HITAB ) npo-
BeAeHbl HCCAeAOBaHHA (PHUIHKO-XHMHYECKHX
CBOHCTB pacTBopoB, codepxKallHx [MAB H HH-
AYCTPHABHOE Macno, B 3aBHCHMOCTH OT TeM-
nepaTypbl, KOHLEHTpauuH H A006aBOK 30ek-

TPOHTOB.
BblABdeHa BO3MOXKHOCTb TepMoOperynrpoBa-
HHA pacTBOpOB Ha OCHOBe HITAB.

HccnegoBaHa KHHeTHKa TepMOPErynHpoBaHH1,
ornpeaeneHbi OMNTHMANbHbIE KOHUEHTpa-
LMOHHbIE U TeMMepaTypHbleé PezKHMbl CHHKe-
HuA cogdepaHua TIAB B cucreme. HaydeHa
agcopbura TTAB M3 pacTBOpPOB Ha TBEpAbIX
NOBEPXHOCTAX pa3aH4HOH NpHpoabl. OueHeHa
agacopbuHoHHas crocoBHOCTL M npHpoda co-
pburoHHoro B3aHMoO/AeHCTBHA T1AB  agcop-
GeHr. ‘

" TIpoBegeHbl HCCIeJOBaHHA MO BO3MOXKHO-
CTH CHHKeHHA KoHUeHTpaurHH [IAB B cTou-
HbIX BOfAax ¢ HMCNoab3oBaHHeM (PHUAbTPaLUHH H
daotauun.  dpdeKTHBHOCTL (POTALHH 3aBH-
CHUT OT HCXOHOW KoHUeHTpauHH TJAB, npHp-
oabl MHALTPYIOLIEro MaTepHata M ero u-
criepcHocTH. BbiGOp oONTUManbHbIX YCIOBHUA
c¢haoTtalnoHHoro npouecca pH cpeapl, Temne-
patypbl H KOH¢pHrypauuH daoraropa Mo3Bo-
agor obecrneynts 3(PPEeKTHBHYID OUYHCTKY OT-
paboTaHHOro MOIOIIEro  pacTBopa nepea
cOpoCcoM.

B nocdegHHe rofbl BodHble MOIOLHe pa-
CTBOPb! MOBEPXHOCTHO-AaKTHBHLIX BEUECTB B
coyeTaHHH € 31eKTPOAHTaMH UIHPOKO fIpHMe-
HAIOTCA BMeCTO TOKCHYHbIX H ToXKapoornac-
HBIX Yr1eBOAOPOAHBIX  pacTBOPHTENEH  BO
BCeX OTpacdAX MpOoMbIUIAeHHOCTH, Ha TpaH-
Criopte, NMPH PeMOHTe TeXHHKH a1A obecxkH-
pHUBaHHA MeTaNaH4YeckKHX T[OBEepXHOCTEA OT
MacaAHbIX H 2KCIIyaTallHOHHBIX 3arpA3HeHHH.

OtpaboTaHHble MOIOLLHE PacTBOPb!, CoAep-
XKalpe HedTenpoayktel H [IAB, yacto cav-
BalOTCA B KaHaaM3alHio, ABAAACb OAHHM H3
HCTOYHHUKOB 3arpsa3HeHHA OKpyxKalollleH cpe-

STUDIES ON THE PURIFICATION OF USED
CLEANING SOLUTIONS

S.A. Savintseva, I. M. Sekisova, Yu. NN. Ok-
honskaya, V.A. Kolosanova

Institute of Inorganic Chemistry, Siberian
Branch of the Russian Academy of Sclences,
Novosibirsk

In order. to investigate the possibility of
purification of used cleaning solutions on the
basis of non-ionogenic surface-active sub-
stances we have performed a study of the
physico-chemical properties of solutions con-
taining  surface-active - substances and
industrial olls as a function of temperature,
concentration and electrolyte additives.

It was found that solutions on the basis
of surface-active substances are temperature-
controliable. The Kinetics of the thermal con-
trol process has been studied, optimum con-
centrations and temperatures to effect reduc-
tion In the surfactants content of a system
have been determined.

Surfactant adsorption on different types of
solid surfaces has been studied. Adsorption
properties and the nature of the sorptive
interaction between surfactant and adsorbent
have been estimated.

Studies have been performed of the
possibility of reducing surfactant
concentration in waste water by filtration and
flotation. The efficiency of filtration depends
on the initial surfactant concentration, the
nature of the filter materlal and its
dispersity. By using optimum conditions of
the flotation proccess: pH value, temperature
and configuration of the flotation plant it is
possible to achieve an effective purification
of used washing solutions before its
disposal.

In the recent years, aqueous surfactant
solutions with electrolyte additives have been
widely used in all fields of industry,
transport and repair instead of toxic and
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Abl. Tlonagaa B BOAOEMbI, 3TH BelleCTBa OKa-
3bIBAIOT TOKCHYeCKoe AeACTBHE Ha obHTare-
el BOAOEMOB, HapywalOT CaHWTapHbid pe-
’KMM, HCTOWAIOT 3arac pacTBOPeHHOMO B BO-
Ae KHcaopoga, o6pasyloT Ha TMNMOBEpXHOCTH
rneHy U T.4. B cBA3H C 3THM Ha CoBpeMeHHOM
aTane Hapaay € MNOHCKOM 3(h¢eKTHBHbIX MO-
IOWMX CpPeACTB AKTYyalbHbIMH ABAAIOTCA BOI-
pochl pereHepalliH H yTHausauun otpabo-
TaHHbIX MOIOLHX PacTBOPOB. ‘

[aA yMeHblileHHs oObeMa CTOYHBIX BOA,
npoAAeHHa cpoKa Cay>K6bl MOIOWMX PacTBoO-
pPOB H MOBbIIIEHHA KayecTBa OTMbiBaHHA MoO-
BEpXHOCTH HeoOXoAHMMa peryaAapHad O4YHCTKA
pacTBOPOB B [pOLECCe HMX HCMONb3OBaHHA.
Ana  ounctkn  oTpaboTaHHBIX  MOIOILMX
cpeacts Moryr ObiTb HCMOAB3OBaHbl MexaHH-
YecKHe, XHMHYecKHe H  (HU3MKO-XHMHYECKHE
MeToAbl H HX KOMOHHALHH.

IMpoctoTa M AelleBH3HA cnocobop OTCTaH- -

BaHHA [03BOAAET LUHPOKO HCMOb3oBaTh HX
AA OYHCTKH TEeXHHYECKHX MOKILIHX CpedCcTB
( TMC ) ot rpybbix npHMeced ( MeakHX B3be-
CeH, necka ). Hed TenpoayKToB
OTCTanBaHHe - [103BONAET TPOBOAHTbL O4YeHb
ray6oKylo OYHCTKY. Kak MoKasann Hallk Hc-
caeqoBadHHa, 3a 10 dacop faxe AOCTATOYMHO
MenKHe YacTHiipl MOFYT CeAHMeHTHpOBaTbh Ha
raybuHy Ao 2-X MeTpoB.

PerynspHoe YyaaneHHe 3arpA3HEHHH, CKo-
NUBIIHXCA B MolollleM pacTBope, obecnedu-
BaeT NpoaneHHe cpoka cayx6pi TMC. Ecau
BblaeneHHble HedhTenpoAyKThl H OcadKH yda-
aATb eXegHeBHO Meped pabouer cMeHOH, TO
PacTBOp MOXeT CAYXHTb B 5-8 pas godabLie.

Bonee KayeCTBEHHYIO O4YHCTKY MOXKHO obe-
CrevHTs OTCTaHBaHHMEeM TpH  HarpebaHHH.
Haumm HccaegopaHna MoKaszaad, YTO YCTOHYH-
BOCTb 2HYy(IbCHH, CrabHansHpopaHHbix HITAB,
NMOAYHHAETCA TepPMOperyaTpopaHHio, T.e. MpH
HarpeBaHHH 3MyadbCHA PpaspyliaeTcd, NpH OX-
aAa¥aeHHH W BCTPAXHBAHHH CHOBa rMoay4aer-
cA YCTOA4YHMBas 3MyabcHA. Mbl MpoBeaH HC-
caegoBaHHA MO HCMNOAb30BAaHHIO 3TONO CBOH-
CTBa /1A OMHCTKH pacTBopa MeToAoM TepMo-
otrcrod. [IpH HOpPManbHOH TeMmnepatype 3M-
MyfnbcHA, codepxalaa HIIAB Kn  HHAYCTPH-
aqbHoe Macao ( Mojaeab 3arpAsHeHHsa ), pac-
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dangerous hydrocarbon solvents for removal
of fat, oll and other dirts from metallic
surfaces.

The used cleaning solutions are very often
disposed of through waste-water disposal sys-
tems and are therefore a source of environ-
mental contamination. Having got ‘nto the
water basins, they have a toxic effect on the
living organisms, destroy the healithy water
conditions, deplete the oxygen content dis-
solved in water, form foam on the water sur-
face. .

Therefore, along with the search for new
effective cleaning agents, regeneration and
utilization of used cleaning solutions is also
of great importance.

To reduce the volume of waste water, to
increase the life time of cleaning solutions
and to improve the quality of cleaning, the
cleaning solutions must be periodically puri-
fied during the use. This can be achieved by
mechanical, chemical and physico-chemical
methods or combinations of these.

The easyto use and inxpensive settling
processes can be widely employed for
purification of industrial cleaning agents (ICA)
from coarse dirt particles (fine suspensions,
sand, oil products). As has been shown by
our studies the settling methods are capable
of providing very high degrees of
purification. o

After 10 hours of settlement even fairly
fine particles can sediment to a depth of 2
meters. Periodical removal of dirt accumulat-
ing in the cleaning solution Increases the
lifetime of ICA. By removing the separated
oil products and sediments every day before
work the lifetime of the cleaning solutions
can be increased 5-8 times.

Higher quality of cleaning is achieved by
carryiong out the setllement under heating.
Our studies have shown that the stability of
emulsions stabilized by non-lonogenic surfac-
tants is thermally controllable: the emulsion
destroys upon heating and restores upon
cooling and shaking. We have carried out
studies to utilize this property for purification
of solutions by thermal settling. At normal
temperatures an emulsion containg surface-
active substances and industrial oils ( a dirt
model ) separates slowly which leaves in the
solution rather large- amounts of surfactants
and dirt oil. At higher temperatures the



clarBaeTca MeAqeHHO H B PacTBOPE OcCTaercH
goctarodHo MHoro [IAB v macna. [IpH ro-
BbIUIEHHH TeMIlepaTypbl [POLECC pe3ko yc-
KOpAieTCA, YTO [O3BOAAET CHH3HTb KOHLEH-
TpauHio [IAB B pactBope ¢ 1% go 0,03%,
macna ¢ 5,0% po 0,02%. DTO0T pacTBOp
MOKHO CHOBa HCHOObL3OBaTh AAA TPHIOTOB-
AeHHA MOILUEH KOMMO3HUHMH, eCaH OH elle
He CHIbHO 3arpA3HeH BO/OpPaCTBOPHMbIMH
KOMIOHEHTAaMH, YXYAUIAIOUHMHA MOIOLIHE
CBOVICTBa. B npoTHBHOM cay4ae oTpabortaH-
HbI MOIOUMHA pacTBOP TMpHXoguTca cOpachl-
BaTh, MpPH 2TOM ero caedgyeT nNogBeprarb
TIIATENbHOH OYHCTKe OT BelecTs, MnarybHo
BAUAIOUIMX Ha OKPYXKAaIOLLYIO cpedy.

OQCHOBHbBIMH KOMITIOHEHTaMH MOIOLIEA KOM-
NMO3HLINH, KOTOpble HeoBXOAHMO YTHAH3HPO-
Barh Meped COpOCOM B rOpoACKHE O4YHCTHbiE
COOPYXEHHA, ABAAITCA HedTeNnpoayKTsl H
AB.

OanHM HMX Hanbonee pacrpocTpaHeHHbIX
MeTOA0B OYHCTKH CTOYHBIX BOJ OT OpraHu-
YeCKHX KOMIIOHEHTOB ABAAECTCH NPHMEHEHHe
KoaryaanTos., HamMH HccaegoBaHO BAHMAHHE
A06aBoK cynbdaToB MarHHdA, adiOMHHHA, XKe-
nesa W eJKOro HaATPHUs Ha CTeneHb OYMCTKH
Mololllero pacteopa. [lofaBkH Hleno4en Ha-
Hbonee 3pgpekTHBHO BbicaaHBalwT HIIAB H3
pacTBopa, CHHXKad HX KOHLEHTPaUHIO /0
0,002% ., a KoHUeHTpaUHKO Macma JoO
0.003%. OaHako MnpH pelleHHH Bonpoca o
Le1ecoobpPasHOCTH TPHMEHEHHA KoaryasaHToB
A7 OYHUCTKH CTOYHbIX BOA HAad0 HMeTb B BH-
Ay. 4TO BBefeHHe KoaryafaHTOB TMoBblUlaeT
MHHEepPaNH3alHIo OYHIllaeMOR BObI.

B nocaeaHHe rodbi B MpaKTHKE OYHCTKH
CTOYHbIX BOA aACOpOLIHOHHbIE MeTo/bl H3B(e-
YeHHA pacTBOPeHHbIX oOpraHH4yecKaHx Be-
necTs Haxo4dar Bce Oonee IIHPOKOe TpHMe-
HeHHe BO BCeX TeXHHYeCKH pa3BHTbIX CTpa-
Hax, OTAaBas MpearioyTeHHe aKTHBHPOBaH-
HbIM yraam. 270 OOYCAOBNEHO TeM, 4TO aK-
THBHbIE YIMH CrOCO6HbI H3BaeKaTbh M3 BOAbI
MHOIHE OpraHH4YecKHe BellecTBa, B TOM YHC-
ae KU OHOMOTHYECKH KeCcTKHe, He ydandeMble
APYrHMH MeTodaMu. HauM HccnegoaHuda Mo-
Kazaliu, YTO HEeCMOTpPA Ha /AOCTATOYHO BLICO-
Kylo aacopbupyemocts HITAB Ha yraepodHbix
NOBEPXHOCTAX H3BAEYEeHHE HX M3  CTOYHBIX
BO4 LUenecoobpasHO MPOBOAHTL (ML T[IPH
Oo4eHb HH3KOH KOHUEeHTpalHH Macaa H [1AB B
BOge, TOCTyrnamwiler Ha OMHCTKY.

Aaa ¢dHABTpaUMH HCMONb30BaH pacTBoOp,
npeaBapHTeadbHO MOABEPrHyThIH TEPMOOTCTAH-
BaHHio n cogepmaBwivi HIIABR - 0,03% W uH-
ayctpHaasHoe ™acao 0,02%. B kayecTse

process is sharply accelerated which allows a
decrease in the surfactant concentration in
the solution from 1% to 0.03% and in the
oil concentration from 5,0 to 0,02 %. The
solution thus purified can again be used for
the preparation of a cleaning composition
unless it is too much contaminated by water-
soluble components which deteriorate Its
cleaning properties. In the latter case the
used cleaning solution is to be disposed of
prior to which all environmentally unfriendly
substances must be removed from it.

The main components of a washing com-
position that are to be removed before its
disposal into a city sewage purification
system are oil products and non-ionogenic
surfactants.

Organic component are most often re-
moved from the waste water by means of
coagulants. We have studied the effect of
magnium, aluminium, iron sulfates and
sodium hydroxide on the degree of
purification of a cleaning solution. Non-
ionogenic surfactants are best salted out by
alkali additives, the surfactant concentration
being reduced to 0,002% and that of oil, to
0,003 %. However, when considering the use
of coagulants for waste water purification
one has to bear in mind that coagulants also
lead to increased mineralization of the water
being purified. '

In the last years in the waste water purifi-
cation practice adsorption methods are used
more and more widely for the extraction of
dissolved  organic  substances in  all
technologically advanced countries, the
preference being given to the use of active
carbons. Active carbons extract many organic
substances from water, including those which
are hard to degrade Dbiologically, not
removable by = other methods. Qur
investigations have shown that dispite the
rather good ability of non-onogenic
surfactants to adsorb on carbon surfaces
their removal from waste water is only
reasonable . at very low surfactants and oil
concentrations in the waste water to be purl-

“fied.

Used for the filtration was a solution that
was first subjected to thermal settlement and
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(PUABTPHPYIOLHX MaTepHanoB OblH HCNONL-
3oBaHbl rHapocdobHble H I'mapodHabHble ag:
copbeHThl : aKkTHBHbIe yran MapkH KA/ - Mo-
aoTbiA, BAY-1, cHOYHHT ( KOTOpbLIH NpeacTap-
nfaeT cobBoH CHHTETHYECKHH KOMITO3HIIHOHHDBIA
yraepoa ¢ pa3sBHTOH MOBEPXHOCTLID ), LUEOAHT
H' NecHyaHHK. PacTBOp NpoXodHa 4depes CaoOH
aacopbeHTa C ofipegeqeHHOA  CKOPOCTHIO.
AHanHv3 ¢HabTpaTa Ha cogepxKkaHue HITAB H
Macaa rnoKasad, YTO ayudllMMH agcopOeHTamu
H3 BOAHDbIX MOIOUMX PacTBOPOB ABAAIOTCA ak-
THBHbIE YIIM, YTO MOKazaHO B Tabauue.

contained 0,03 % of non-ionogenic surfactant
and 0,02 % of industrial oil. The filtering
materials were hydrophobic and hydrophylic
adsorbents: active carbons of the KAD-
ground grade , BAU-1, sibunit ( a synthetic
composite carbon with a developed surface),
zeolite and sandstone. The solution was
passed through a layer of adsorbent with a
definite flow rate. Analysis of the filtrate for
the contents of non-ionogenic surfactants
and oil indicated that active carbons are the .
best adsorbents from cleaning solutions
which is shown in the Table.

Tabauia

Aacopbenr CHIAB % Cyna.macaa: %
KA/ - MoaoTbIH <0,0005 0,002
BAY-1 - MOaoTbIH <0,0005 0,0005
Bay-1 - Kyco4kH 0,001 0.003
CHOYHHT 0,001 0,005
Leoaut 0,014 0,015
TlecHaHHK 0,018 0.015

Table

Adsorbent CSURF- % Cojl- %

KAD-ground <0,0005 0,002
BAU-1-ground <0,0005 0.,0005
Bau-1-pieces 0,001 0,003
Sibunit 0,001 0,005
Zeolite 0,014 0,015
Sandstone 0,018 0,015

B aaboparTopHbiX YCAOBHAX  ModayqeHbl Under laboratory conditions positive

MOAOKHTENbHbIE pe3yabTaThl TMPH  HCMNOAB3O-
BaHHH MeToga OOpPaTHOOCMOTHYECKOH OUHCT-
KH MOIOWHX pacTBOpOB (MoAeabHOro W Npo-
H3BOACTBEHHONO ) ¢ HCMOAb30BaHHEM MeM-
6paH.

[Ipn HccaedOBaHHH BO3MOXKHOCTH HCMO/L-
30BaHHA A8 OYHCTKH oTpabotaHHblx TMC
Metoda ¢aoTtaly B HauikX 3KCNepHMeHTax
o6bEeKTOM HCCAedOBaHHA CayKHa  MOIOLIHA
pacTBop, MNpoweduUIHA OMHCTKY TepMOOTCTaH-
BaHueM. Tlpouecc ¢paoTtaumy Benca Ao IToaHo-
ro npekpailleHHa  neHoobpazoBaHHA B
pacTsope. OCTABIUHHCA PacTBOP aHalH3Hpo-
Banca Ha codepXaHHe JIAB H Macna. DTHM
crnocoboM HaM yaAanoch TOHH3HTL KOHLIEH-

results have been obtained for the use of
the reverse osmotic method of purification
with membranes by which we purified model
and industrial solutions.

We also have studied the possibility of us-
ing the flotation method for the purification
of ICA . The object of study in our experi-
ments was a a cleaning solution that under-
went purification by thermal settlement. The
flotation procees was carried out until there
was no more foam formation in the solution.
The solution was then analized for surfactant
and oil contents. In this way it was possible
to decrease the surfactant concentration from
0.03% to 0,0025% and that of oil, from

883




tpauHio TMAB ¢ 0,03% ago 0,0025%, a macaa
- ¢ 0.02% go 0,002%.

Ha npeanpuaTHAX Aad OYHCTKH CTOYHbLIX
BO4, codepxaulHx Hapady ¢ [IAB aerkocropa-
IOlHEe KOMIIOHEeHTbl B BbICOKHX KOHUEeHTpa-
LUHAX, HanpMep CTOKH HedTenepabarbiBaio-
IHX 33aBOAOB, MOKHO peKOMeHAOBaTb CXKH-
raHHe ( BO3MOXKHO HCMOMb30OBaHHE LHKAOH-
HbIX MeYeHr ) C yTHAM3aUHeHd BblAeaAicilerocs
Ternaa. Korga Takoe cmuraHHe Mo KakuM-1H-
60 npHYnHaM Heab3d OCYWECTBHTb, MOXKHO
peKoMeHaoBaThb METOA XHMHYECKOro OKHCne-
HHA C NMOMOLBIO ABYOKHCH Maprasia.

MNpodunbTpoBaHHble CTOKH OTpaboTaHHBIX
pacrteopoB, co/depxalupx [IIAB, nepemeluy-
BAIOT C HM3DObITKOM CEePHOH KHGAOTbI H ABYO-
KHCH MapraHua npH 97-980C B Teyenne natH
YacoB. 3a 3TO BpeMA MPOHCXOAHT OKHCAeHHe
opraHuuyecKkoH ¢asbl, BKMIOYAOWIER B cebA
[TAB u 3arpAsHeHHA opraHH4ecKoro xapas-
Tepa, A0 YrIeKHCAOTro rasa M BObI.

Cyabcar MapraHua go6aBaeHHeM LWenoYH
M TNPOAYBKOHM KHCAOPOAOM BO3dyXa MOXHO
npeBpaTHTL CHOBA B OKHCb MapraHua H
HCMoab30BaTh MOBTOPHO. [IpH HCNOb30BaHHH
XHUMHYECKOr0o OKHCAEHHs opraHH4YeCKoOH ¢asbl
C Leably YyJeUIeBIeHHA MeToda  MOXHO
yCroab3oBaTh TEXHHYECKYI0 CePHYIO KHCAOTY
H NHPOMO3HT. HcCrnonb3opaHHe OAHOMO H3
npeanoXeHHbIX CnocoboB OYHCTKH oTpabo-
TaHHbIX MOIOIMX PaCTBOPOB C YYETOM Tpe-
6oBaHHH, TMpeAbABAAeMbIX K COCTaBy H
CBOHCTBAM O4HMILI@aeMbIX PpPacTBOPOB, XapaK-
Tepy M KOAHYecTBY 3arpasHeHHA, aaer BO3-
MOXHOCTb CHH3HTb KoHUeHTpauHio [IAB H
macaa Ao [AK, 4ro no3Boant H3bexarb 3a-
IpPA3HEHHA OKpyA&alolled cpeabl HedTernpo-
AYKTaMH W CHHTETHYECKHMH MOBEPXHOCTHO-
AKTUBHBLIMH BelLLEeCTBAMH.

ABTOpbI TOTOBbl OKa3aTb COAEHCTBHE [0
OYHCTKE MPOH3BOACTEEHHOro 06OpyaoBaHHA

H NpH HCNONb30OBaHHH mo6oro H3 HaszBaHHbIX -

MeTOAOB pereHepalliv M YTHAH3AUHH oTpabo-
TaHHbIX MOIOLLHX PACTBOPOB.

0,02% to 0.002%. _

For the Industrial plants, for the purifica-
tion of waste water containing along with the
surfactants also high levels of readily com-
bustible components ( for example liquid
waste of oil-processing plants ) combustion
can be recommended. If the combustion is
impossible for some reasons chemical oxida-
tion with manganese dioxide can be recom-
mended.

The filtered waste water containing surfac-
tants is stirred with an excess of sulphuric
acid and manganese dioxide at 97-98YC for
5 hours. During this time there takes place
oxidation of the organic phase to carbon
monoxide and water. Manganese sulphate
can be converted to manganese oxide by the
addition of alkali and blowing of air oxygen
and then re-used.

Using one of the described purification
methods taking into account the
requirements to the composition and
properties of the solutions being purified,
and the type and amount of the dirt, it is
possible to reduce th surfactants
concentration to the maximum permissible
concentration and thus to avoid contami-
nation of environment by oil products and
synthetic surface-active substances.

The authors are ready to render their
assistence in the cleaning of production
equipment and application of any of the
described methods for regeneration and
utilization of used cleaning solutions.
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The dynamic development of Kazakhstan
national  economy  causes  progressive
poliution of water environment. Existing
- biological purifiers work beyond the limits of
their potentialities, they are not effective for
removal of hard oxidizable compounds like
dyes, oil products,surface active substances
(5AS) and non-ferrous metals salts.(4) The
problem of redundant silt removal is not
solved yet. The preliminary or subsequent
treatment of waters by physical and chemical
methods is often required (5).Usage of large
quantities of absorbent carbon,coagulators
and flocculators is rather problematic for
water purification The reason is their defi-
ciency, high cost,changes they cause in pH
and salt  composition of  purifying
water,contamination of sediment and hence
difficulties of its utilization and dehydration
(16).

Natural materials like clays may have a
large surface,developed porosity and con-
siderable capacity of adsorption which can
be regulated by processes of chemical ac-
tivation depending on the pollution com-
position of sewage and waste waters, After
introducing clays in waste waters by 2-3g/l
the colloidal electrolytes and disperse
particles are intensively absorbed on the clay
surface and are quickly precipitated like
floccules due to large specific mass of clay
adsorbents (up to 2,3 g/cubic cm). This does
not always occur while using coagulators and
flocculators. Due to high ion-exchange
capacity of clays water softening takes place
without change of pH flow.

The utilization of clay adsorbents togerther
with redundant silt and sediments of water
purifiers in production of building materials
(bricks, ceramsite, tile,etc,) and cosumer.
goods (pigments,coagulators,coal and mineral
carbonated sorbents) makes it expedient to
use benthonic clays (Naukat, Inylchek,
Seraphimovka-more than 100  objects),
palygorskitov clays (Kurshab, Kizil-Yar, Mukry,
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Top-Kok - more than 15 objects) and china
clays Soguta, Sulukata, Tash-Kumir,
Alekseevka - more than 10 objects) of
Central Asia for water environment protection
and rational usage of local clay materials (6).

The problem of pure water for repeated
usage after biological purifiers may be
successfully solved by combination of
adsorption of purifying substances with the
help of clay and biological processing of
waste water. The advantages of the com-
bined process of purification of industrial
waste waters and householding waters
containing oil products,colloidal electrolytes

- and ijons of heavy metals using the existing

biological purifiers are as follows (2-3);

-the quality of purified water is higher than
the quality achieved by biological pu-
rification,and it is the same as the quality
of waste water pre-purified by active car-
bon;

-efficiency of purification with changing
volumes of pollutions and constant growth
of biological mass at the cost of preliminary

* adsorption of hard oxidizable compounds

on clays:

-economic  expediency of  biosorption

~ process of water purification on clays in

comparison with separate usage of adsorp-
tion and biodestruction;

-effective regeneration of clay adsorbents by
microorganisms with subsequent use of
worked-out sorbents with sediments of
purifiers in the manufacture of building
materials,which excludes the construction of
expensive methane tanks and bulky
ecologically ineffective silt sites.

In this work {15) an attempt is made to
investigate the envolvement of each process
( adsorption, biodestruction, bioadsorption) in
the removal of organic solutes from water
and to assesss the regeneration of
microorganisms  of  absorbent  carbon
adsorbing these compounds. The aim was
set up to compare the efficiency of appli-
cation of various microorganisms (both pure
substances and microorganisms of active silt)
in adsorptive and biological (A-B) process. In
these tests there have been used compounds
differed in speed and depth of destruction,
but they all have been adsorbed from water
solutions on carbon sorbents or silica gel.
Clean cultures of bacteria of Bacillus and
Pseudomonas spepies, microorganisms of
active silt and ferment preparations extracted
from them were used for biodestruction of



organic substances. Activated anthracite,
activated carbon of KAD-iodine grade with

grain size of 0,25-0,5 mm, AG-3 grade, OU- .

grade, acetylene non-porous soot,silica gel
and fibreglass were used as adsorbents.

Making comparative investigation of in-
tensity of bacterial oxidation of hexanol, non-
ionegen surface active substances of different
chemical composition (ether of poly-
ethyleneglycol, syntanol DC-10, stearox-6,
preparation 08-20, prevoselle EO), azo dye
activated bright red 5CX with the help of
manometric method of Varburg in the
presence of carbon sorbents and silica gel, it
was established that investigated adsorbents
except non-activated anthracite increase the
oxidizing activity of bacterial cells, The same
data were received under biodestruction of
these compounds in the presence of
adsorbents in liquid synthetic environments.
The process was the most intensive when ac-
tivated carbon was added, so later on it was
used as adsorbent.

Quantitative comparison of adsorption
process and biodestruction process is rather
diffucult. Using adsorption the balance is
achieved between substance concentration in
adsorptive layer and in volume. After which
the equilibrious concentration remains the
same on keeping the same conditions of
experiment. When biodestruction takes place
in the concentration of substrate
solution as time goes on.

The essence of adsorption and biological
process may presented in the following way
after Dbiological destruction of substance
becomes a stage defining the summary
speed of processes.During the first three
hours the adsorption process achieves the
balance while biochemical activity of
microorganisms increases. As the result, the
concentration of substances in the solution
decreases not due to adsorption but due to
their destruction by microorganisms. If the
speed of substance biodestruction at this
stage of adsorption and biological process is
higher than the speed of adsorption, then
the specific adsorption which equals to its
value in the equilibrious process in the
absence of microorganisms is not achieved.
Under long introduction of new portions of
substances adsorbent may be saturated until
achieving the balance with
concentration,for example, in flowing process
during period of time. If adsorption reaches
the value which is possible in the similar
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in the

introduced -

conditions in equilibrious process, part of
substance adsorbed during the first hours of
adsorption and  biological installation
operation must be desorbed as decrease of
adsorbate in the solution takes place
because of biodestruction. Desorbate is
destructed further by microorganisms. As
concentration of adsorbate reduces in the
solution its desorption from adsorbent and its
regeneration go on.

In the following system new portion of
adsorbate in contact with adsorbent and
microorganisms are introduced. Destructive
activity of microbes reaches some biological
balance, A-B process leads to longer
adsorbent usage than in installations of
periodical operation.

It is evident that the activity of substance
to desorb from activated carbon with
sufficient speed leads to the fact that
adsorbent capacity will never be used up to
the end in A-B process. Hence it appears
that degree of adsorbent regeneration is
determined by velocity of desorption of
adsorbate and by activity of microorganisms
stipulating the velocity of substance
concentration reduction in the solution. This
fact is confimed by investigation of
regeneration process of adsorbent whicn is
worked out by microorganisms.

With the help of hexanol destruction in
running water it is established that specific
consumption of activated carbon in A-B
process is 2,5 times less than in adsorbing
purification of water from the same hexanol
quantities. Consequently, the regeneration of
activated carbon takes place in A-B process.

It is possible to propose the following
mechanism of A-B process on the basis of
data received for substances subjected to
biodestruction on activated carbon. Because
desorption speed of investigated substances
exceeds the speed of their destructior by
microorganisms, the adsorption  process
prevails in the first three hours of contact
(solution of non-ionogen surface active
substances, azo dyes and hexanol) with
activated carbon.

Only after the establishment of adsorption
balance, intensive biological destruction of
solute takes place. as the result, the
substances concentration becomes less than
equilibrious one in relation to initially
adsorbed substance quantity, This leads to its
partial desorption and redestribution between
active- carbon and solution. Because of this



phenomenon the substance concentration
under biodestruction is the same, and it is
considerably less than the concentration
under microbe destruction in the absence of
adsorbent. Higher degree of biodestruction is
achieved as the result.

Efficiency of A-B process depends on
activity of microorganisms. It is established
that microorganisms of active silt destroy
hexanol partially (o = 1gr/l) even during 30
days. Selected cultures of microorganisms in
the same initial concentrations destroy
hexanol completely during 4 hours.
Biodestruction of non-ionogen surface active
substances and azo dye increases under
periodical recultivation, and it constitutes
accordingly 20-50%. For acceleration of water
purification by bioadsorption it is offered to
use homogenat of destroyed cells derived
from active silt and individual cultures of mi-
croorganisms, Intensification of A-B process
was observed due to increase of degree and
velocity of adsorbent regeneration in this
case.

Upon using microorganisms and ferments
in A-B process, the pores of adsorbent are
partially blocked which leads to incomplete
usage of adsorption capacity of carbon, and
is accompanied by decrease of process
efficiency. The development of ways of
releasing active carbon pores from
albuminous substances will allow not only to
intensify the process of organic substances
removal from water solutions,but also to
apply this technology in industry. This will
pertmit to purify waste waters containing
substances yielding to microorganisms
destructive power, well adsorbing on carbon
sorbents.

Microzones with raised concentration of
organic substances are formed on the sur-
face of carbon adsorbent. Favourable
conditions are created for development of
microorganisms carrying our biooxidation of
substances adsorbed on carbon if sufficient
oxygen concentration is available in the
system. DFue to microorganisms  vital
functions,activated carbon is regenarated
(1,15).

Comparative analysis of bioreactors op-
eration with active carbon and sand charge
in the conditions of maximum waste puri-
fication shows the difference in their effi-
ciency evaluated according to quyality of
purified water. Chemical consumption of
oxygen (COC) and colour of water purified in
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bioreactor with carbon charge are by 34-40%
less than water purified in bioreactor with
sand charge. The minimum value of
biological oxygen consumption of water
purified on carbon constitutes 3-5,on sand -
8 mg 0/L.

Data received demonstrate that sul-
phureous dyes and sulphides are difficult to
adsorb. In flowing conditions the sorption
column with false-liquefied layer of activated
carbon operating in the same loading
conditions as boisorper for purification of
waste containing 250 mg/l of sulphide and

. black sulphureous dye ran out of sorption

capacity within 5 days.

Long operation of bioreactor, in which
activated carbon was not replaced for one
year and a half,showed considerable ex-

‘ceeding of sorption of carbon capacity. This

the result of biological regeneration of active
charge by immobilizing microflorae. Deeper
pollutoions removal in bioreactor with active
charge in comparison with inert charge points
at the importance of adsorption pricess for
depp waste purification. Oxidizing reactor
capacity working in condition of maximum
waste purification constitutes 0,8-0,85 kg
COC cubic meters a day.

Identical results for purification from
hydrogen sulphide are get for other types of
waste containing sulphureous compounds.
This shows good perspective of this method.

Biosorption waste purification by natural
clays is intended for purification of waste
waters containing non-oxidizable surface
active substances (SAS), dyes,oil prod-
ucts,ions of heavy metals. This method is
advisable to introduce ar enterprises ofoil
refining light.pulp and paper industries for
purification of all kinds of waste (7-13).

Suggested non-waste technological flow-
sheet for waste purification by clays os based
on combination of biological and sorption
processes in one and the same apparatus
(for example in aerotanks). This flowsheet
alloews to increase considerably purification
efficiency for such hard oxidizable pollutions
likeSAS,dyes,0il products, and at the same
time to decrease the values of chemical
oxygen consumption and biological oxygen
consumption (8).

Well known abroad industrial biosorption
methods of waste purification represent thr
processes with introduction of particles of



sorbent-carrier into  aeration zone  of
biochemical purification. Scarce and
expensive lightung active carbon is mostly
often used as a camier.which must be
regenerated after its usage. The cost of its
regeneration corresponds to its initial cost
which in its tum raises the price of
purification of one cubic metre of waste.

The first industrial tests of biosorption
technology defined its main advantages in
comparison with traditional biological puri-
fication. They are as follows: the degree of
organic and toxic substances removal in-
creases; operation stability of structures
under heavy loading conditions rises; active
silt properties are improved,etc. But necessity
of high temperature and thermal regeneration
of used,expensive,powdery active carbon
shrply  reduces wide  application of
biosorption method of waste purification by
clays.

Biosorption method of water purification
by clays developed by authors provides a
new type of biotechnical process. It is based
on introduction of cheap and accessible
natural clays as sorbent carrier into aeration
zone of aearotank. According to carried
investigation these clays intensify biological
processes taking place in aerotank and

simultaneously adsorb various pollutions of -

waste waters. Usage of natural gas as sorbent
allows to utilize worked out mixture of active
silt and natural clays as placticizers added to
the main mass for production of building ma-

terials like bricks,ceramic tiles, ceramsite,
roof tiles, etc. increasing resistance of
products. Developed flowsheet of ware

purification allows to utilize completely waste
sediments as consumer goods and to create
non-waste technology of waste purification
from dyes,oil products and accompanying
admixtures,

Purification efficience according to new
method reaches 100% for some types of
textile dyes,80-90% for SAS, 95-99% for oil
products,83-97% for reduction of BOC.
Optimum doze of clay constitutes 3-3qr/l,
and doze of active silt-2-4 gr/l for dry
substance.time of contact is from 30 to 60
minutes.
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ABSTRACTS

Openporous filter block materials are
rather longrange ones for small local sewage
purification plants in rural area. Different
composite stiff filter elements are being cre-
ated with the application of porous polimer
concrete with big grain size, plant material,
ion-exchange rosins and other materials.

The constructions of small sewage purifica-
tion plant are offered, which are based on
settling filtration and sewage water utilization
by plants.

v

OTKpBITONMOPHCTbIE  DHUABTPYIOILIME MarepH-
anbl BCerjda npeACTaBAAId HHTEpeC AaA Tex-
HOIOTMH OYHCTKH CTOYHBIX BOA, H HX COBep-
LEeHCTBOBaHHIO yaenanoch 6onblioe BHHMaHHe,

ITOT HHTEpeC Pe3ko BO3poC B [OCAEAHHE
HECKOOBLKO (1eT B CBA3H C OTKa3OM OT Kou-
{IEKTHBM3aUNH CENbCKOro XO3AMCTBA Ha Tep-
prropuu ObiBliero CCCP. Haer aMKBHAALMA
KPYNHLIX MAMHBOTHOBOAYECKHX H 3eMiedelb
yecknx ¢epM C OAHOBPEMeHHbIM MaCCOBbIM
BO3HHMKHOBeHHeM Heboabuinx  depMepcKhx
XO3#WCTB. A 3TO O3HauyaeT MpeKpalleHHe pa-
60Tbl MHOXKeCTBa OTHOCHTE(IbHO KPYMHBIX CO-
ODYKEHHH [aA OYMCTKH CTO4YHbIX BOA (KCTa-
TH, BCerqa (PyHKUHOHHPOBABIIHX He CAHUWIKOM
3¢ ¢eKTMBHO) N HeoBXOAHMOCTb CPOMHOro
CO34aHNA  (10KAMbHbBIX  MadbIX  OYHUCTHBIX
YCTPOHCTB,

Mpuxoaurca cyHMTaTtbCA C TeM, 4TO Oorb-
WHHCTBO HM3BECTHBIX BbICOKO3((EKTHBHBIX
KOHCTPYKLHMH AOPOrM H HEe HMeloT peanbHbIX
NepCriekTHB Ha LIMPOKOe HCNonb3oBaHHe. Bo
BCAKOM cCayvae Ha TO BpeMA, MOKa HOBbie
depMbl He OKpenHyT W (PHHAHCOBbIE BO3-
MOMHOCTH HX XO3fieB He BO3pacTyr. Mexay
TeM, AJanbHedllee 3arpA3HeHHe TIOYBbI M
rPYHTOBbIX BOJ CTOKaMH CelbCKOXO3AHCTBEeH-
HOrO MpoOH3BOACTBA Heaomyctimo, [loatomy

Openporous filter materials have been al-
ways of interest for the sewage waters purifi-
cation technology and big attention has been
paid to their perfection.

This interest has highly increased in the
latest years because of the agriculture's re-
fusal from collective farming on the territory
of the former USSR. The liquidation of large
cattle-breeding and agriculture farms is going
on with the simultaneous mass rise of small
farms. And this means ceasing of work of
many relatively large plants for sewage waters
purification (by the way, functioning not too
effective) and the necessity of urgent creation
of local small purification plants,

It must be taken into account that the
majority of well known highly effective con-
structions are expensive and do not have
real perspective for the wide application. At
least for the time till the new farms will get
strong and their proprietors' financial possi-
bilities will increase. At the same time, fur-
ther purification of soil and subsoil waters by
sewages of agricultural production is inadmis-
sible. That's why the creation of not expen-
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CO3JaHHe HeJOpOrHX, AOCTaToOYHO 3(MPEeKTHB-
HbIX H MPOCTbIX B CTPOMTENLCTBE H 3KCILTyaTa
LIMH OYHMCTHBIX COOPYXKeHHH - BecbMa aKTyalbHO.

AHAMH3  HM3BECTHBLIX MeTrodoB  OYHCTKH
CTOMHBbIX BOA MNO3BOAHA Cgedarh BbIBOA O
ToM, 4yTo Hanboaee Uenecoobpa3HbIM AR He-
GoablUMX XO3AHCTB ABAAETCA COYeTaHHe oT-
CTOH CTOMHBIX BOA, NMX PHUALTPALKMH H YTHIH-
3auMH ¢duabTpara pacTeHHAMH. [IpHHLHITHAIL-
HafAl CXeMa TaKOH O4YMCTKH MoKaszaHa Ha pHC. 1.

sive, rather effective and simple in building
and exploitation purification plants is very
urgent.

The analyses of known methods of sewage
waters purification allowed to make a conclu-
sion that for small farms it is most expedi-
ently to combine settling of sewage waters,
their filtration and utilisation of the filtrate by
plants. Fundamental. scheme of such purifica-
tion is shown in picture No 1.
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PIC 1.Fundamental scheme of small local purification plant.

Bo3HHKaeT AHUIL BOMPOC O TOM, KakHe
ObITh

GHabTpyOIlUNe MarepHaabl  AONXKHbI

Only there appears a question what mate-
rials should be used in the offered construc-
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HCNONb30BaHbl B MpedaaraeMbiX  KOHCTPYK-
unAax, Tpexage BCero,CopeplieHHO ACHO, 4TO
AaA yrpolieHHA 3KCIayaTtaludd OYHCTHBIX CO-
OpYXeHHH cnedyeT OTKa3arbCA OT (PHILTPOB
HacbINMHBIX B TNOAb3y (1IeTKO 3aMeHAeMBbIX
6M104YHBLIX.B NpHHUMNE, H3BECTEH UenblA paAs
drabTpylounx O6A0YHBIX MarepHanoB, OAHAKO
Aaneko He BCE OHH MOTYT HCNONb30BAaTbCA B
YCTPOHCTBaX O OYHCTKe CTOYHBIX Bod. Haszo-
BeM Wllb gBe MPHYHUHBL arpecCHBHOCTbL 3THX
BOA TO OTHOWEHHI0 KO MHOIMM CTpPOHTE(b-
HbIM MaTepHadaM H HMHTeHCHBHOe 3acopeHHe
(pNIbTPOB M CAOKHOCTL HMX AanbHeHlled npo-
MbIBKH.C y4yeTOM CKa3aHHOro, B CBOE BpeM#A
6blan co3aalbl (PUALTPYIOLLUHE NAHTbI M3 TIO-
poanacTa Ads OYHUCTHbIX coopyxeHHn. [lopos-
1acT XMMH4YeCKH H MOPO30CTOEK, A0CTaroO4yHO
npodveH, aerko npombisaercd. OH npeqcTas-
nser cobon KPYMHOMOPHCTbIA MOMUMepHEToH,
noayvyaeMbl M3 MbITOI'O, COPTHPOBAHHOTO MO
KPYIHOCTH ~ HanoaHuTedaa  (ecoK, rpaBHA,
waaK, WebeHb, OOM CTeKda HAH KepaMHKH,
KEpPaM3HUT K I1p.) U TEPMONIACTUYHOrO CBHA3Y-
oWero (NoaH3THAEeH, MOMUNPONKAeH, [0au-
CTHpOI.).

OpHruHaibHas TeXHOAOTHA IOay4eHHA 3To-
ro marepdana (11-14) nosponser HCNONb3O-
BaTb He TONbKO TMEepBH4YHblE H BTOPHYHLIE
NoauMepbl, HO W KX OTX04bl, Bbibop cBA3yIO-
wero onpededfeTcA, B NeEPBYIO ovepedp, ca-
HUTapHO-TUTMEHNYEeCKNMH TpeboBaHnAMH. UlH-
pOKoe BapbMpOBAaHNE CBOHMCTB [OpPO3(1acTa
obecneynBaerca He TOobKO MoABOpOM Kom-
MOHEHTOB, HO H TEeXHOJAOTMYECKHMH [apaMerT-
paMH H3roToBeHHA (dapieHne (pOpMOBaHHA,
PeXUM OxnaxdeHua U np.). B pesyaprare npu
OAHHAKOBOH PDelentype KOMIIO3HUHHU MOMeT
ObiTb TOAy4YeH MaTepHal C  Ppas3iH4HbIMH
CBOWCTBaMN. PacuivperHne CBOWCTB W BO3-
MOXHOCTeH MOpOo21acToB  AOCTHraerca 3a
CcYeT HCMOMb30BaHHA  pa3u4YHbIX  CcMeced
TEpMONNAacToB W  HanoaHHTeneH, BBeAeHnA
BCEBO3MOMHDBIX A06aBOK (peareHToB,
HOHOOOMeHHBIX cMoa K np.). B cpeanem B
PHAbTPYIOUIMX  KOMMAO3NLUMAX AONA  CBA3YIO-
ulero cocrapader 3,5 - 6,0% no macce.

NMoabop peuenTyp KOMIO3HLINA U
TEXHOAOrHYeCKNX NapaMeTpoB MO3BonAeT Me-
HATL T[OBEpPXHOCTHbIE CBOWCTBA MarepHana
(31eKTPOKNHETHYECKHE, 3(1eKTPOCTaTHYeCKHe,
CMaYyMBaeMOCTb) W TakMM oOpa3oM BAMATH Ha
npouecc dHabTpoBaHua H ero 3ddeKTHB-
HOCTb.

eno B TOM, 4TO MaccooOMeHHble npolec-
Cbl Ha rpaHMle pasgena 'TBepaoe Teno -
MHAKOCTh' 3@BHCAT OT BblOpaHHOro nonnmepa

tions. First of all its evident that to make
purification plants exploitation more simple it
is necessary to refuse from filters made from
dry substances in favour of easy changeable
block ones.

In fact, a whole range of filter block mate-
rials is known, but not all of them can be
used in plants for the sewage waters purifica-
tion. We shall point out only two reasons: the
agdressiveness of these waters towards many
building materials and intensive obstruction
of filters and difficulty with their further wash-
ing. With the regard for the above said at
one time filter slabs from poroelast for purifi-
cation have been made. Poroelast chemically
is frost-resistant, strong enough, easy washed
through. It is a big-porous polymer-concrete,
obtained from washed and sorted according
to the grain size filter (sand, gravel, slag,
road metal, broken glass or ceramics, ex-
panded clay aggregate etc.) and thermoplastic
binding (polyethylene, polypropylene, polysty-
rol)

The original technology of this material ob-
taining (11-14) permits to use not only pri-
mary and secondary polymers, but also their
waste. The selection of the binding material
is determined first of all by the sanitary-hygi-
enic demands.

Wide variation of poroelast properties is
ensured not only by components' selection,
but also by the technological parameters of
production (moulding pressure, cooling re-
gime etc.). As a result applying the same rec-
ipe of the composition a material with differ-
ent properties can be received. The broaden-
ing of the poroelast properties and possibili-
ties is achieved by using different blends of
thermoplastics and fillers, putting into differ-
ent additives (reagents, ion-exchangeable ros-
ins etc.). Average rate of the binding in filter
compositions is 3,5-6,0% in the mass.

The selection of compositions' recipes and
technological parameters permits to change
surface influence on the process of filtration
and its effectiveness. The matter is that
mass-exchangeable processes on the boarder
of the division ‘solid-liquid" depend on the
chosen polymer (on molecular groups carry-
ing charge opposite to the sign of the parti-
cles surface of the non-sinking mechanic par-
ticles). :
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(OT MoaeKyaApHbIX FpYNN, HeCyliMX 3apag Mo
3HaKy MpOTHBONOMOXKHBIA 3apAdaM MoBepx-
HOCTH 4acTHL B3BecH).

H3 nopoanacra MOXHO OTdOpMOBarh H3fe-
MR NpakTHyeckHn mobon ¢opMbi.

K gocronHcTBaM Marepuana caeayer OTHe-
CTH TakKxe TO OOGCTOATENbCTBO, YTO B pPe3yb-
TaTe MHTEHCHBHOrO Habopa MM NPOYHOCTH B
paHHEM Bo3pacre, H3JeqUA N3 Hero He Tpe-
6yI0T [IMTENbHOTO H3rOTOBAEHHS.

CBo¥icTBa mnopoanacta OblAM AOCTATOYHO
XOpOUIO H3y4eHbl, a pe3yabTarbl ONyOanKo-
BaHb! (1,4-9). OgHako cerYac ueaecoodpasHO
MPHBECTH [JaHHbie H3Y4YEHHA ellle OAHOH BaXK-
HOW OCOOEHHOCTH 3TOro MarepHana, KOTOPOH
paHbllle YAeAA10Ch HeAOCTATOYHOEe BHHMaHHe.
Peyb HAET O ero NMopHCTOCTH H, IMABHOE, - O
XapakTepe MNopHCTOCTH.

Hrak, npakTHYeCKHA HHTepeC TMpeacTas-
(IAIOT caeAyioliHe BOIMPOChL:

Kakoba oOwWaA MOPHCTOCTb MarepHala, H
KaKk OHa paclipedeqdeTcd Ha OTPhITYI0O M 3a-
MKHYTYIO;

KakoBa OTKpbITad NOPHCTOCTb Marepuana;

KaKoBbl pasmepbl MOp B MarepHaie C Ha-
NOHUTENEM Pa3(IHYHON KPYIHOCTH.

B oranyne or MOHOGPaKUMOHHOrO CbIMy-
Yyero Marepuana, MOPHCTOCTb KOTOPOro Maao
3aBHCHT OT AHaMmeTpa rpaHya (Mpn paBHOA
NOOTHOCTH YMAKOBKH), B CBA3HOM MarepHane
C YyMeHblUEHHMEM KpYHOCTH Hano(HNTeIA
COKpalllaeTCA H [OPHCTOCTh MaTepHana. (A
nopucroro GeToHa 3TO, HaNpHMep, YCTaHOBHA

B.P.Byage (2). Taxkoe [oaoXeHHe Ofl-
peaendAerTca TeM,YTO KPYMHOCTb HAaMOAHHTEIA
BAMAET Ha pacnpeaeneHHe  CBA3ylolUero.

HMeHHO 3TO OOCTOATENbCTBO BbIHYXKAaeT CTa-
BHTb BCe JaHHble O MOPHCTOCTH MNopo3iacTa
B 3ABMCHMOCTb OT KPYMHOCTH HanoqHuTeNA.

CoBepllIeHHO OYeBHAHO, 4TO NpPOMycKHaA
CcnoCcoBHOCTb KECTKOro (HABTPYIOLLEro Mare-
pHana 3aBHCHT He OT ero OOWeH MOPHCTOCTH,
a (HMUWb - OTKPbLITOH, TO4YHee ee 4vacTH. O7-
KpbITbl€, HO TYMHKOBbIE MOPbl B NpouUecce
¢GHaAbTPOBAHHA MHAKOCTH  HerocpeacTBEHHO
He y4aCTBYIOT.

O6wni o6beM nop MaTepHana (m) COCTOHMT
M3 TYNHKOBBLIX (MT), 3aMKHYTbIX (m3), OTKpbi-
ThIX {IO) H CKBO3HbIX MOp (MC):

m=mT+m3+mc=mo+m3l)

mo =mt + mc( 2 )

3aMKHyTble nopbl Ha Tpouecc (pHAbTpaLHH
HHUKAKOrO BMAHUA He OKa3bIBalOT. TYIMHKO-
Bble MOpbl B KPyNHOMOPHCTOM MaTrephane MNpH
60abUIONH CKOPOCTH (PHALTPALHH MOTYT OKa-
3biBaTb HeKOTOpoe oO4YeHb He3Ha4dHTeabHoe

It is possible to mould from poroelast the
articles, - practically, of any form. To the mer-
its of this material can be applied the fact
that in the result of getting intensively strong
at the early age the goods do not need a
long process of manufacturing.

The properties of poroelast had been stud-
ied rather deep and the results were pub-
lished (1,4-9). But now it is expedient to give
the data of one more essential peculiarity of
this material, to which attention has not been
paid enough before. It concems its porosity,
and mainly, the porosity's character.

So, the following questions are of practical
interest:
what is general porosity of the material, and
how it is distributed among opened and
reserved ones;
what is the open porosity of the material;
what is the size of the pores in the
material with the filler of different grain size.

In distinction of monofractional dry mate-
rials, the porosity of which do not depend on
the granules' diameter (when the density of
the package is equal), in the binding material
when the grain size of the filter decreases,
the porosity of the material also is reduced.
For the porous concrete it was ascertained by
V.P.Buldei (2). Such situation is determined
by the fact that the grain size of the filler
influence the binding's distribution. Just this
very fact forces to put all the data about po-
roelast porosity in the dependence on the
filler's grain size.

It's evident, that pass capacity of the hard
filter material depends not on its general po-
rosity, but only on the open one, to be more
exact - on its part. Opened, but blind pores
do not participate directly in the process of
the liquid filtration.

General volume of the pores of the mate-
rial (m) consists of blind pores (mr ), re-
served pores (ms),opened (mo) and through
(mc) ones:

m=mr + m3+ mc=m3+ mo(l)

mo = mtT + mc(2)

The reserved pores do not have any influ-
ence on the process of filtration. The blind
pores in the material with big pores at a high
rate of filtration flow may have a small influ-
ence on the given process, but for practical
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BAMAHHE Ha paccMarpuBaeMbif T1pouecc, ogd-
HaKko AAA NpaKkTHYeCKHX Lened 3THM BAHAHH-
eM MOXHO npeHebpeub. CaeaoBaTeqbHO,
(IMWb CKBO3Hble [MOPb! OMNpedenaloT pacxol
HMHAKOCTH uepe3 (pHabTp.

He BaaBaacb B TMOAPOOHOCTH METOAHKH
MCCNEAOBAHMH, CKAkeM (Mllib, YTO OHH OblnH
BbIMONHEHbl Ha 3HAYUTenbHOM 4YHcae obpas-
LOB MaTepvana, NOy4YeHHBIX M0 €JWHON Tex-
HOMOTHH. Pe3ynbTaroM HccaeaoBakui Obina
3MNHUpHYeCKaA 3aBHCHMOCTb (OH 3aKpbITbIX
nop OT CpedHero /AvaMeTpa HanoaHuTedns
(dcp): :
m3 = 4,04 - 0,24 * dcp( 3)

O1Cioga caegyer, YTO 3aMKHYThie [Oopbl
AOMMKHbI HCUe3Hytb NpH: dcp = 4,04/0.24 =
16,8 MM

EcH y4ecTb, YTO NOPO3IACT H3roTaBIHBa-
ercA H3 Harno(HHTENA, COPTHPYEMOro Mo ys-
KHM $paklUMAM, B KOTOPbIX OTIHYHE Ha-
MBOMbLINX YacTHU OT HaHMeHbUIMX He npe-
BRllIAeT 3-4 MM, TO peyb HAeT O (paAKLUHH
npumMeprHo 15-19 MM. M3 HccnegoBaHHbiX 06-
pasuos atomy TpefoBanuio Oonee BCero co-
OTBETCTBYIOT T€, YTO OblIM H3roTOBAEHbl H3
rpaBusA KpYNMHOCTbIO 16-20 MM. Ero otkpbiras
NMOPUCTOCTb OKazanach paBHOW 34% v B HeM,
npakTHYeckH, He OblIO 3aKpbiThiX nop. C
yBenuueHHeM AHaMeTpa HarlonHUTens COKpa-
waetTci H YHUCAO TYNHKOBbIX nop. Bce aro
03Ha4aeT, YTo KOAbMATauMA TaknX HIbTPOB
Oyaer NpoXoANTb MeAIeHHO.

OnpegeneHne BeIHYNHbI OTKPbITOA TNOpPH-
CTOCTH Ha OodabuioM 4Hcae obpaslioB W H3ge-
(IMA W3 fOpo37acTa MO3BOAWIO TMOAYYHTh ee
3aBHCHMOCTb OT Cpe€AdHeH KpYNHOCTH Hanod-
HHTenA, AOCTOBEpHYl0 npH 4 MM < dcp < 18
MM;

mo = 24,5 + dep/2( 4 )

Mpn mo=34% no 3ToH ¢dopMyae dcp=19
MM.

OyeHb BaMHOA XAPAKTEPUCTHKOA (PHAb-
TPYIOLLIETO MaTepuana, HNCIOob3yeMoro B O4H-
CTHBIX  COOPYXeHHAX, ABAAETCA  pa3Mep
nop.Ero onpegenendne OblI0 OCYLUECTBIEHO C
ucnonn3oBaHneM paspaboraHHon A H.[onbm-
IITOKOM A0A CbIMy4YHX MATepHaoB MeTOAVKH.
OHa oCHOBaHa Ha (PHALTPALHH IEKTPOIHTOB
CKBO3b HCCaeayeMblH Martepnan (3).B  xoae

onbIToB  ObIAM  HMCNOAb30BaHbl  0Opasiibl
nopoanacta Ha TpaBHM pPa3HOA KPYMHOCTH
NpH  pa3OM4HOM  COAEPMKaHHH  CBA3YIO-

wero.OAHHM H3 pe3yabTaToB HCCAeA0BAHUA
O6bl10 BbIABAEHHE CBA3H Memay 3HavYeHHeM
adpderTHBHOrO aAviaMerpa nop (D3) U Koad-
¢pHMeHTOM HabTpauuK (Puc,2).AHaan3 3Tow

purposes this influence can be disregarded.
There for only through pores determineé the
liquid discharge through a filter.

Not going into details of the research
methods, we shall only mention that they
have been carried out on a small nhumber of
samples of the material, manufactured by the
same technology. The result of these re-
searches was an empirical dependence of the
closed pores' part from average diameter of
the filter (dcp): '

m3 = 4,04 - 0,24 * dcp(3)

This means that the reserved pores must
disappear at: dcp > 4,04/ 0,24 = 16,8 mm

Taking into account that poroelast is made
of a filler sorted in narrow fractions in which
the difference between big particles and
small ones does not exceed 3-4 mm, we
speak about a fraction of approximately 15-
19 mm. Out of the investigated samples
most of all those ones corresponds to this
demand which had been made of gravel with
the grain size of 16-20 mm. Its opened po-
rosity was 34% and there were not practically
any closed pores in it. With the increase of
the filler's diameter the number of blind
pores is reduced. All this means, that clog-
ging of such filters will go on slowly.

The definition of the opened porosity's
magnitude on a big number of samples and
articles from poroelast allowed to get its de-
pendence from average grain size of the
filler, true at 4 mm < dcp < 18 mm:

mo = 24,5 + dcp/2(4)

At mo = 34% with formula dcp = 19 mm

The size of pores is a very important
characteristics of the filter material which is
used in purification plants. Its definition has
been made using methods for dry substances
worked out by A.J.Golmshtok. The main
point of it consists in electrolyte filtration
through the material under the investigation
(3). In the cause of the experiments the po-
roelast samples based on gravel of different
grain size at a different content of the bind-
ing were used. One of the results of the in-
vestigations was the exposure of relations
between the meaning of the effective pores'
diameter (D3) and the filtration coefficient
(picture 2). The analyses of this dependence
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3aBMCHMOCTH MOKa3al,uTo nopo3aacT npaktH- | has showed that poroelast practically stops

YyeCcKH MNpekpailaer ¢HabTpoBaTh Body nph | water filtration at D3 = 0,06 cm.
D2=0,06 cm.
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PHC.2. 3aBHCHMOCTb MeXay 3¢ ¢PeKTHBHbIM AnaMeTpoM nop (D3) H koaddHLUHMeHTOM Hab-
Tpaunn (Kd) nopoanacra..

PIC 2. The dependence between the effective diameter of the pores (D3) and the poroe-
last filtration coefficient (Kcp)
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PHC.3. 3aBucHMocTh 00méMHOH Macchl (G) mopoanacTa OT CpedHerc AvaMerpa HanoHUTe-
aa (dcp).

PIC 3. The dependence of poroelast volumetrically mass (G) from the filler average diame-
ter (dcp).
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PIC 4. The variants of the investigated filter elements,
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HakoHel, HcCaeqoBaHMA — MOKA3AIH,YTO
o6beMHaA Macca (Q) mopoanacta C rpaBHeM B
Ka4yeCcTBE HAMOMHHTENA W TNOMH3THIEHA - CBA-
3yIOILero MoMXeT KoaebarbCA B  MNpegenax
1,65<G<2,65 T/Kyb6.M. I'papnK 3TOH ' 3aBHCH-
MOCTH TpHBedeH Ha pHC.3.

Mocaeanne HccaeaoBaHHA Kak Obl 3aMKHY-
AW OOIIMpHYIO TIpOrpaMMy H3y4eHHA 3TOro
MarepHana. B HacTtodAulee BpeMA Mbl pacnoaa-
raem JoCTarovHO TOAHOW XapaKTEPHCTHKON
CBOWCTB 10p03(1acTa, M ero MoBegeHHe B OYH-
CTHbIX COOpPYMeHHAX MpPOrHO3HpyeTCcH.

dror Marepraa B 80-ble rodpl YCHelHo
HCIOb30BAICA HA OYUCTHBIX COOPYXEeHHAX B
ropogax Banmnepa, Canayc,(Inenas, nocenok
IpobuHA,pAne cenbCkux parioHoB. Ero mnpea-
aaraeTci LWHPOKO TMPHMEHATb B a3pOTeHKax-
BbiTecHHTEnAX (15).

[lepcrieKTHBEH TMOPO3AacT M A48  Marbix
(I0KAAbHBIX OYHMCTHBIX COODYXKEHHH,HO Oblao
6bl XKeaareibHO MNOBBICHUTL €ro 3¢eKTHB-
HOCTb 3a c4YeT NPHAAHHA €My [IOMOHHUTEIDb-
HbIX (YHKUMA.B  4acTHOCTH,B  HacTrosllee
BpeMsa BeayTca HCCIedoBaHHA B ABYX Hamnpas-
(eHHAX (pHC.4):

BBE/leHHe B Teno GUAbTPA 3(1EMEHTOB M3
pacTHTeNbHOrO  CbipbfAl, 06eCnevHBaloLLEro
KOHTaKT CTOYHbIX BOA C arMocdepHbIM BO3-
AYXOM (A NX a3pauun 1 OKNCICHHA;
co3gaHne Oa04YHbIX MHOrOCIOMHBLIX  Hab-
TPOB H3 [OpPO37acra Ha rpaBHH pa3HOH
KPYITHOCTH.

U T0 H aApyroe sAeader cobodl A0BOABHO
C/IOKHYIO TeXHOIOTMYeCKYIo 3aaady.

Ewie ogHo HampabaeHHe T[OMCKOB OITH-
MabHBLIX A8 (10KaIbHbIX OYHCTHBIX COOpY-
KeHHH (HALTPYIOLUHX 3eMeHTOB - CO3daHHe
AelleBbIX Oerko pasaaralolMXcH O10KoB H3
pPacTHTeNbHOTO CbipbA, TakHe OAOKH nocae
3aCOpeHHA H3BEKaloTCA H KOMIMOCTHPYIOTCH,a
Ha HX MeCTO B OUYHCTHOE COOpYXKeHHe MnoMe-
LIAIOTCA HOBbIe.

B 3akaw4enne npeaaaraerca ogqHa H3 MHO-
r'HX BO3MOMHbIX KOHCprKuHFl Maaoro oOuu-
CTHOI'O COOpYMEHHA C HCITIO(Ib30BaHNEM
GHALTPYIOIUKMX NANT (pHC.3).

And at last, the researches have shown
that volumetrically mass (G) of poroelast with
gravel as a filler and polyethylene as the
binding can . vary within limits
1,65<0<2,65t/m~. The diagram of this de-
pendence is shown in picture 3,

The latest researches as if closed a wide
program of this material study. At present we
have sufficiently full characteristics of poroe-
last properties, and its behaviour in the puri-
fication plant is being forecaster.

This material had been successfully used
in the purification plants in the 80-ies in the
cities of Valmiera, Saldus, Liepaya, settlement
Grobinya, in some rural regions. It is advised
for wide application in aerotanks-ousters (15).

Poroelast also has a perspective for the
local small purification plants but it would be
desirable to rise its efficiency by giving it ad-
ditional functions. In particular, at present the
research takes place in two directions
(picture 4):

putting into the filter's body the elements of
plant material, that provide contact of
sewage waters with the atmospheric air for
their aeration and oxidation;

creation of block multi-layered filters from
poroelast on the bases of gravel of different
grain size.

This seems to be a rather complicated
technological task.

One more direction of an optimal for local
purification plants filter elements searching is
to create cheap easily decomposed blocks
from plant material. Such blocks after ob-
struction are taken out and decomposed, and
the new ones are put into their place in puri-
fication plants.

In conclusion one of many possible con-
structions of a small purification plant of fil-
ter slabs is offered (picture 5 ).
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OcHOBHble AOCTOMHCTBa KOHCTPYKLHH:

CTO4YHble BOAbI MpH TEpPEeTeKaHHH H3 nep-
BOW CeKUMH BO BTOpYIO (Ba/bl MPOXOAAT
yepes (HIbTP;

no Mepe 3acopeHnsa ¢HabTpa pacrer Ha-
nop Ha ¢uabTpylolnin 6apaba M OH aBTOMa-
THYECKH TMPOBOpPAYMBAETCA,B pe3yibrare yero
Hanpas(eHHe [IBHAKEHHA CTOYHbIX BOA CKBO3b
duIbTp MeHAerca Ha oOpaTtHoe M [POXOAMT
ero 4YacrHyHas MpOMbIBKA; 3aMeHa HabTpy-
IOWMX 3eMEHTOB MOMeT OCYIECTBIATbCA C
MOBEPXHOCTH 3eM(H.

The main merit of the construction is:

sewage waters when flowing from the first
section into the second one ¢go through this
filter twice; = :

as the filter gets obstructed the pressure
on the filtration drum grows and it tumns
automatically, in the result of what the direc-
tion of sewage water movement through the
filter changes to the opposite and partial
washing of it takes place;

the filter elements replacement can be
done from the land surface.
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AHPPEPEHLUHATOP
HE®TECOAEPRALNX CTOKOB ~
MA(IOTABAFPHTHOE OYHCTHOE YCTPONCTBO
B e

Cenupatos A.B, HHXKeHep

BBEAEHHE

B cBA3H ¢ BO3pacTalolWM KOIHYEeCTBOM
BHEroCyJapCTBEHHbIX MNpPeANpHATHH NO H3ro-
TOBIEHHIO H peaNH3aLMH OpIO4e-CMa3oHHbIX
MaTepHanos, aBTONPEANPHATHH, MOEK aBTo-
TPAHCIOPTA, PEMOHTHbBIX MACTEPCKHX, C OAHOH
CTOPOHBI, H YKeCTOYEHHEM 3KOOrHYeCKHX Tpe-
60BaHHH K KAueCTBY TEXHONOrH4eCKHX CTOKOB
OT Ha3BaHHbIX MPEANPHATHH, ¢ APYNOH CTO-
pOHBI, CyUIeCTBEHHO Bo3pocaa noTpeGHOCTD
B TEXHONOrHH W o6opyaoBaHHH Maaon Mpo-
M3BOAHTENBHOCTH, 00eCreuHBaIOLKX KOHAHLIH-
OHHbIE CTOKH.

$HPMA «[1DCHO»

/MpupoaocbHeperaiowre JkonornyeckHe CH-
crembl HHKeHepHoro O6opyaoBanns/ 129278
r.Mockea, ya. [TaBna KopuarnHa, 2-ten. 262-08-54
[lpeanaraer: auddepeHunarop HedTecoaep-
xKawux crokop [IHC1.3.5 - ycrporicrBo aAnA
OYHCTKH CTOUHBIX BOf OT B3BEIIEHHBIX Be-
wecTs H HedTenpodykros, nareHt N1674895
CCCP MKH BO1 D 17/02, 21/00 /A.B.Cennsa-
HOB H Ap./

AHHOTALIMA

Andpdeperynarop - ManorabapHrHoe yC-
TpoHCTBO pabotaeT B HaNoOpHOM peXHMe Mo
MHTEHCHBHOH TEXHOOTHH, pa3aenss CTOYHYIO
KHAKOCTL Ha O4YHIUEHHYl0 BOAy, Hedrenpoay-
KTbl H BbINAWIHA OCANOK C Pa3lenbHbIM HX
OTBEAEHHEM,

KoMnakTHocTh ycrpoficTBa obecnevHBa-
€TCA CoYeTaHHeM B OAHOM ManorabapHTHOM
annapate LeCTH OYHMCTHBbIX YCTPOHCTB:

1, MmppounkaoH -~ Kamepa Xxnomnbeobpa3o-

BaHHA;

2. OcBeTnHTENb CO B3BELUEHHbIM CI0eM;

3. ToHKocno#HbIA 6A0K;

4. Koanecunpytotwn# ¢puabTp 1-oft crynetn

C rpaHynaMmH gvam. 3:5 MM;
5. dnorarop ¢ nogayer BOAOBO3AYLIHOH
CMecH;

6. KoanecuHpylompn ¢GHHABTP 2—-0H CTyNEHH
C rpanynamH guam. 0,2 - 0,5 Mm.

flaHHOe YCTPOWCTBO, MpeacTaBnAa CoOOH
3aKpbIThIN annapar, NnpeAcTBpallaeT 3arpazHe-
HHE OKpyXKaloulero Bo3ayXa H TO3BOIAET HC-
noabsosarb AnddepeHUHaTop B 3aKpbITbIX
NOMeLeHHAX, YTO 0COGEHHO BaKHO B YCIOBHAX
NMpoAONKHTENbHOHA 3HMBI.

PasMeluetHe yCTaHOBOK He TpebyeT cneuu-
anbHbIX NoMellleHHH, AnddepeHLHaTopbl MOX-
HO pacnofnaraTb HernocpeACTBeHHO B Liexax
NpeanpHATHH A0A AOKaNbHOH OYHMCTKH Mpo-
M3BOACTBEHHBIX HedTecodepKallHX CTOKOB.

llocroAHHad NpoOMbIBKA KoanecuHpyIoUHX
¢duapTpoB He TpebyeTcA. PernameHTHble pa-
OOTbI MO OYHCTKE nNOAAepAKHBAIOIIHX CETOK,
KONNeKTOPOB, MNacTHH TOHKOCAOMHOro 6a0Ka,
NpoMbIBKa 3arpy3kH H neperpyska KoafecuH-
pY©ILUHX (PHABTPOB MNPOH3IBOAATCA TNEPHOAH-
yeckd 1 pas B 3 : 6 mMecALes.

Anddepenuyatop CHabXKeH yCTPOHCTBOM
noepopota H PUKCHPOBAHHA KPbIWKH B NOAHA-
TOM NOA0XKEeHHH, KOoTopoe [pHBApHBAeTCA K

"KOpIycy Mocae yCTaHOBKH arnrnapara B LEXe.

MoHTaK annapata H MOABEM KPbILIKH TPH
MpoBeAeHHH pernaMeHTHbIX pabor ocyiecTs-
AA€TCA IPy30noAbeMHbIMH MEXaHH3MaMH Liexa.

OBACTb MPUMEHEHHA

- QYHNCTHbIE COOpPYKeHHA OGOPOTHBIX CHC-
TEM «['PA3HONO» UHKAA aBTONPEANPHATHH, 10~
KOMOTHBHOI'O M BANOHHOTO XO3AHCTBA, PEMOHT-
HbIX 3aBO/I0OB, MOEK aBTOTPAHCNOPTA.

— O4HCTHbIE COOpPYXKEeHHA IPOMIHBHEBBIX
CrOKOB C TEPPHTOPHA NpeANpPHATHH MaulMHO-
CTPOHMTENBHOH NPOMBILINEHHOCTH, HedrTebas,
KOTeflbHbIX Ha MasyTe H T.0

~ OuHCTKa GannacTHbIX B, HEpTEHANHBHbIX
CyAoB.

MPUHLINM AENCTBHA

[IpOMCTOKH, CMeWHBAACh C KOAryfnaHTOM
B NOABOAAILEM KOEKTOpe, TaHreHUHanbHO
noABoAATCA B Kopryc anddepeHuHaTopa H,
npeobperaa BpauarTenbHoe ABHXEHHE B H-
APOLHKAOHE, o6pa305am-lom BHellHeH /1/ n
BHYTPEHHEH /2/ CTeHKaMH KOpIlyca, Hanpasas-

0TCA BHH3. [IpH 3TOM BCNAbIBAOWIHE Hedren-

pPOAYKTbI 4epe3 OTBEPCTHA MOCTYNaloT ToA
KpbILUKY AHdepeHUHaTOpa H CKalnHBalOTCA
B cOopHHKe HedrenpoayKkTos /12/.
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TEXHAYECKHE XAPAKTEPHCTHKN (HC 1. 3. 5.

-~ ofbeM annapara, M> - 2,0

~ MPOH3BOAHTENbHOCTbIO, M3/4ac - 3:5

- [aBaeHHe B anmnapare, Ao MIIA /kr/cm?/ ~ 0.5 / 5,0

- Ttemnepatypa, K /C / - 293+10 /20+10/

- KOHLeHTpaUHA 3arpA3HeHHH: HA BX04e HA BbIXO4e
B3BellieHHbIE BellecTBa, M/ 8000 - 55 40 - 10
HeTenpoAyKTbI, Mr/n 3000 - 100 22 -5

—~ Macca annapara, 6e3 BO/bI C BOAOH
Kr 1300 4000

- raGapHTHble pa3Mepbl, MM 1940 x 1940 x 3030

O6pasoBaBlUHECA B pe3ynbTare B3aHMOAeH-
CTBHA KOArynaHTa CO B3BEleHHbIMH YaCTHLAMH
XA0MbA YBNEKAlOTCA OCHOBHbLIM INOTOKOM BHH3
B KOHHYECKYIO YaCTb, rae noAaepXuBaiorca Bo
B3BelIeHHOM COCTOfAHHH OCHOBHbLIM [IOTOKOM,
KOTOPbIA 34eCh MeHAeT cBoe HanpaBaeHHe H,
ABHrafcb BBepX, OCBeTAAETCA /V BOCXOAALLErO
noToka = 6 MM/C/ B C1oe B3BellleHHbIX YacCTHL,
[Ipogonas ABHKEHHE BBepX, OCHOBHOH MOTOK
nornanaer B 610K TOHKOCAOHHOrO OTCTAHBAHHA
/4/, 0OpazoBaHHbIM KOAKCHANLHO PacnonomeH-
HbIMH NOAHAPONHAEHOBLIMH MaacTHHaMH. [1pH
9TOM BbINAJAIOUIHA OCAA0K OIMYCKAETCA BHH3
Mo BHyTpeHHeH CTOPOHE MNacTHH, a BCIbIBA-
1olHe HedTenpoayKThbl MOAHHMAIOTCA NO BHELL-
HeH CTOpOHE MAACTHH M CKariMBAalOTCA B Kap-
MaHax nog rpe6HﬂMH /01'60p'r,051(oﬂ/ NAACTHH.
Orkynaa no Koaaektropy /6/ nonajaior BO
¢aotarop, rae ¢aoTHpyOTCA. OCHOBHOH OTOK
BOAbl NonagaeT B KoaneCUUpPYyOLWHH HALTP
1-of cTyneHH /8/ € 3arpy3koH H3 MOHMIPOITH-
neHoBbIX rpaHya d = 3 : 5 MM, rae MeakoaHc-
nepcHble 4acTHUbl HedTH KOoanecUHUpyIOTCA
/«covnawrcAa» B 6Gonee KpynHbie, NpoxoAas
CKBO3b 3arpy3Ky/. PHaLTp 1-0H CTyneHH BbINOA-
HeH B BHAE TOpa C Mo4aBO4OM BOAOBO3AYLIHOH
CMeCH /9/ nogd HHAKHIOW MoAAepKHBAIOLLYIO
CeTKy AaA npeaoTBpalleHnAs oOpa3oBaHHA Ha
HeH HeTAHON MMEeHKH 1 AaA ¢aoTalHH Hegre-
NpOAYKTOB H3 3arpy3kH.

Mocne ¢nabTpa 1-0H CTyNeHH OCHOBHOH
NOTOK «3aBHCAET» H, OCTaBAAA YacTHLbl HedTe-
NpoAYKTOB nog KpbllkKoH AnddepeHunaTopa
/7/, HanpaBnAeTcA BHHU3 BO ¢aorarop /5/, rae
npoxcxoant GaoTauus ocraslinxca Hedrenpo-
AYKTOB H HedTenpoaAyKToB, MNOMaBIUHX BO
¢aorarop H3 Koaaekropa /6/ TOHKOCAOAHOIO
OTCTOHHHKA,

BoaoBoagyliHaa cMech rogaetrca Bo ¢rora-
TOPp KoaneKkTopamn /9/, pacnonoXeHHbiMH fo
nepHMeTpy caoraropa H oA KoaneCcUHpylolHM
¢HabTPOM 2-0H cTyneHHd. Beinasline Bo ¢ao-
TaTope YHCTHLIbI B3BECH OTBOAATCH B KOHHYEC-
Kylo 4acts AndgdepeHliHaTopa N0 OTBOAALLEH
Tpy6e /15/. llocae ¢aoTaTopa OCHOBHON NOTOK
BOApl BHOBb MeHseT HalpaBleHHE H, ABHIa-
ACh BBEPX, NPOXOAHT Yepe3s KoaneCUHpyIOLHHA
¢HabTp 2-0H cryneHn /10/ c 3arpyskon H3
NOAHNpONHAeHoBbIX rpaHyt d = 0,2 : 0,5 MM,
rae MedakoaHcnepcHble HedTenpoaykThl Koa-
necuHpyioTca H ¢OTHPYIOTCA My3bIpbKamH
BO3/yXa H3 BOAOBO3AYLIHOH CMECH,10JaBaeMon
noa ¢uabTp 2-on cryneHd. [locae duasTpa
2-0H CTYNEHH NOTOK BHOBb «3aBHCAET» H, OC-
TABAAA BCMAbIBAKUINE HedTeNpoayKThl B chop-
Huke /11/, HanpaBaseTcA BHH3 B dedaeKkTop
/14/ ¥ panee BBepx no oTBoAAlleH Tpybe /13/
OYHIlleHHa# Boda BBLIBOAHTCA H3 AHddepeH-
UHaTopa nod OCTAaTOYHbIM HaropoMm.

OcaZloOK M3 KOHHYECKOH 4acTH W Hedre-
NpoAyKTbl H3 COOPHHKOB OTBOAATCA NEPHOAH-
YECKH N0 Mepe HAKOMeHHA.

[AnA HHTEHCH}HKAUHH TMPOLECCOB Oocax-
[€HHA B3BElUEHHbIX BELUECTB MOMET MpHMe-
HATLCA KoarynaHt AL,(SO,), ~ 5% pacteop,
noaapaeMblH B MOABOAAIUNH KOIEKTOP AHrD-
¢epeHUHaTOpa MpH NOMOLUH 3KeKTopa, yCTa-
HOB(IEHHOTO Ha HaropHoM TpybonpoBoae Mo-
AAIOLEro Hacoca WM APYTHMH crnocobamH.

Ana obecneyeHns npouecca ¢aoTauuH
HedTEeNpoAYKTOB H NpeAOTBpaLLIeHHA 3arpA3He-
HHA MOAAEPKHBAIOIIMX CETOK KOoanecuHpyio-
wrx GUHAbTPoB B aHddepeHUHaTop noaaeTca
BOAOBO3AYLIHAA CMeCh, CO3/jaBaeMan BOJOBO3-
AYWHBIM KEKTOPOM, YCTAHOBIEHHBbIM Ha OaH-
NacHOH (IMHMHM Hacoca, OTBOAALLEr0 OYHILEH-

Hyi0 BOAY.
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O4YHCTKA NMPOMBIWAEHHBIX CTOYHLIX BO/]

dAOTALUHOHHBIM METOAOM
A —

Terepura H.H., 4.1.H., npog.,
YpanbCKHA HayYHO-HCCAEA0BATENbCKHA
H TIDOEKTHBIH HHCTHTYT radyprHH,

AO «[anyprs

Agees CM., K.T.H.,

AO «[amqyprray

FPagyuieB A.B., K.X.H.,

HHCTHTYT TEXHHYECKOH XHMHH
YpanbcKoro orgedqeHHA

Poccurckon ARaqemMuH Hayrk

OcHoBHOe HanpaBneHHe BbIMTOIHEHHbIX
HaMH HCCneaoBaHHi OTHOCHTCA K npobneme
OYHCTKH CTOKOB rafnbBaHHYeCKHX MPOH3BOACTE
OT HOHOB TAXeIbIX MeTannoB. BOAbWHHCTBO
OT€YECTBEHHLIX rafbBaHHYECKHX MPOH3BOACTB
HCIMOb3YIOT XHMHYECKHH H 3ME€KTPOXHMH4EC-
KHE (rafibBaHO— M (1EKTPOKOATYNALHA) MeTOAbI,
KOTOpble He obecrnevyHBaloT cTeneHb OYHCTKH,
COOTBETCTBYIOLLYIO TpeBOBaHHAM K Boae, cOpa-
CbIBA€MOH B NrGpOACKHE OYHCTHBIE COOPYKEeHHA
MK HCMOb3yeMoH MOBTOPHO B ranbBaHH4ecC-
KOM TNPOH3BOACTBE. JTO OTHOCHTCA K HOHaM
Kenesa, HHKendA, UHMHKa H MeaH.

Llenecoobpa3Ho paccMaTpHBATL HOHHYIO
¢oTalrIio Kak pa3HOBHMAHOCTb pAAa npouec-
COB: B 4aCTHOCTH, cOBCTBEHHO HOHHaA ¢oTa-
UMA, BKAO4awllaa obpa3oBaHHe H3 HOHOB
THMKENbIX METANA0B oA BO3ACHCTBHEM opra-
HHYECKHX peareHToB HepaCTBOPHMbIX OCAAKOB
H HX ¢aoTaumo; (paoTauna OCaaKkoB, rae op-
raHHYeCKHEe peareHTbl HCNOABb3YIOTCA TOALKO
Kak ruapodobnzaTopsl; (pnoTaluHA ¢ HOCHTe-
AeM, B KavyecTBe KOTOPOro HCHONbL3YITCA
FHAPOOKHCH MeTannos, opraHH4ecKkHe BellecT-
Ba ( BOCK, XKenaTHH U Ap. ) H T.4.

[lo AnTepaTypHbIM AaHHLIM H3BECTHbI pas-
paboTkH OaeccKoro yHMBEpCHTETA W Mpu-
Mepbl MPOMbIWNEHHOrO HX TMPHMEHEeHHA Ha
pAae npeAnpHATHH YKpauHbl. K HegocTaTkam
3THX pabOT OTHOCHTCA CPABHHTENbHO HEBBICO-
Kafd 3 (PEKTHBHOCTb peareHTHLIX PpeXHMOB,
MHOTOCTAAHAHOCTbL Tpolecca. BbinonHeHHbie
HaMH = HCCNEAOBAaHMA BKAKOYANH KOMINIEKC-
HOCTb noaxoaa K npobnemMe, a UMeHHO:

- MaKCHMaabHOE HCNONb30BaHHUE [IpeHMYy-
IEeCTB CYUECTBYIOWHX XHMHYECKHX H
1eKTPOXHMHYECKHX NPOLECCOB Ha AEHCT-
BYIOLHX NPEeANpHATHAX;

INDUSTRIAL EFFLUENTS PURIFICATION BY
FLOTATION

D.Sc., N.N.Teterina Frofessor,

the Urals Research and Development
Institute of Hallurgy,

JSC Hallurgy

C.S5c., S5.M.Adeiev

JSC Hallurgy

C.Sc. AV.Radushev

Industrial Chemistry Institute

of the Ural branch of the

Russian Academy of Sciences

Basic problem of the investigation underta-
ken refers to the problem of heavy metal ions
off purification of galvanic shop effluents.
Chemical and electrochemical (galvanic and
electric coagulation) methods used at the
majority of domestic galvanic shops fail to
provide the degree of water purification that
meets standards for water discharged to
municipal treatment facilities or recycled into
the process. This refers to Fe, Ni, Zn and Cu
ions.

It is practical to consider ion flotation as a
variety of a number of processes: namely, the
ion flotation proper that results in formation
of insoluble residue of heavy metal ions
effected by organic reactants and its flotation;
residue flotation with the organic reactants
being used only as hydrophobizers; carrier
flotation with metal hydroxides, organic matter
(wax, gelatin, etc.) and other substances being
used as a carrier.

By the publications it is known that Odessa
University has some developments and exam-
ples of their commercialization at some en-
terprises of Ukraine. As their limitations we
may note comparatively low efficiency of
reaction and muitistage operation. Our investi-
gation was based upon an integrated approach
to the problem, namely:

- maximal adoption of advantages of exis-
ting chemical and electrochemical met-
hods of purification;
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- paszpaboTKa HOBOINO BbICOKOA(DPEKTHB-
HOTO peareHTHOIo peHMa Ha OCHOBE
HETOKCHYHBIX H [AOCTYMHbIX OpraHH4yec-
KHX PEareHTOB;

-~ HCIonb3oBaHHe ¢aoroannaparos, 0bec-
NeYHBAIOWHX BbICOKYI) AHCMEPCHOCTD
rasopor ¢asbl W paLHOHAIbHbIH T'HAPO-
AHHAMH4€CKHH pPeKHM.

B pesynbrare Moay4eHo MONOMKHTENbHOE
pelleHHe O Bbigaye NaTeHTa Ha crnocod O4YHCTKH
CTOYHBIX BOA OT HOHOB THMKEbIX METaN(IOB.
Cnocod B naBoparTopHbIX YCNOBHAX anmnpobH-
poBaH Ha CTOYHBIX BOAaX TralbBaHHYECKHX
NpOH3BOACTB pAda NpeANnpHATHH ropoaa llep-
mH. [lpOBOAATCA HCCAEAOBAHHA B 3aBOACKHX
YCNOBHAX MHIOTHOH YCTAHOBKH.

Ha ocHOBaHHH MoayveHHbIX AAHHbIX BbIAB-
fleHbl OCHOBHbIE NpEHMYLLIECTBA p63pa6OTKH:

- BbICOKas CKOPOCTb Npouecca O4HCTKH
H BO3MOKHOCTb €ro peanH3aliHi B AeHCT-
BYIOLLHX CHCTEMaX O4HCTKH CTOYHBIX BOA;

- BO3MOX>XHOCTb MHOrOKparHOro HCrodnb-
30BaHHA OYHILUEHHOH BOAbl B ranbBaHH-
4eCKOM MPOH3BOACTBE COraacHo Tpebo-
BaHHAM K Bogae no 'OCT 9.314-90;

~ BbICOKAA KOHLEHTpauna TAMXenblx Me-
TANNoB B ManoobbeMHOM NPOAYKTE.

PaspaGoraHbl HOBbIH peareHTHbIH PexHM,
NPHNOAHBIA K NPAKTHY€CKOMY HCIOb30OBAHHIO,
H TpeboBaHHA K (oToannapary NHeBMaTH4YeC-
KOro KOIOHHOIO THIa.

BeayTca TaKKe HCCAeaoBaHHA MO OYHCTKE
¢norauHOHHbIM MeTOAOM CTO4YHbIX Boa HedrTe-
XHMHY€CKHX MPOH3BOACTB.

- design of new high-effective nontoxic and
available organic reactant-base condi-
tions;

~ use of flotatlon machines maintaining
high gaseous phase dispersity and ratio-
nal hydrodynamic conditions.

As a result a favourable decision on issue
of a patent for a method of effluents purifica-
tion from heavy metal ions was received. The
method evaluation test has been carried out
on the effluents of galvanic shops of some
Works in Perm. Investigations on the pilot-scale
test facility are still in progress.

On the basis of the studies the data recei-
ved have brought to light the following ad-
vantages of the development:

- high rate of purification and its feasibi-
lity in operating effluent treatment faci-
lities;

- purified water can be repeatedly recyc-
led into galvanic process with the for-
mer meeting the specifications of GOST
9.314-90. :

- high concentration of heavy metals in
low-volume product.

New reagent regime applicable to use and
specifications for the flotation machines of
pneumatic column type have been designed.

Investigations of oil refinery effluents puri-
fication by flotation are under way.
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BE3OTXOAHBIE CITOCOBbI
O4YACTKH
SEHOICOAEPAKAIIHX MPOMCTOKOB

CKpbITHHK IOpHA TeoprueBHY Katq XHM
HayK CT Hay4yH coTp

bespoansli BaaquMHD 11aBIOBHY Kard XHM
HayK CT HAYYH COTp

A7yK Cepreri HHKOgaeBHY Kang XHM HayK
Enxsg BacHaui HBaHOBHY KaHAq XHM Hayk
Bachapepa Haraipa BacHabeBHA
llpoxogppeBa (Troamuaa AldeKceeBHa
I'natiox Anexced HBaHOBHY

RHpa Aaexcanap BaAaqHMHDOBHY

Kapanr Mapua /leoHHAOBHA

CKpHIIHAHK (BeTrdara KOpbeBHa

MpobneMa yTHAH3AUMH  NPOMBILIAEHHBIX
CTOUHBIX BOA M HX OMHCTKH OT HMelOIIHXCA B
HHX TOKCHKAHTOB  ABIAETCA  OAHOH  H3
BaKHeHIINX npobaeM 3KoaoruH.  deHobI
Oyayud oaHMM H3 Hanbonee pacnpocTpaHeH-
HbIX TOKCHYHBIX 3arpAsHuTened, ABAAIOTCA B
TO e BpeMA BaXHbIMM H AePHUNTHLIMH
KOMITOHEHTaMH OpraHH4eckoro cHHTe3a. [lo-
3TOMY M3 KOHLEHTPHPOBaHHbIX (PEeHONbHBIX
CTO4YHBIX BOg 0ofee BbINOAHO H3BAeKaTb (de-
HOIbl ‘H(IM MepPeBOANTb MX B MaOTOKCHYHbBIE
NPOAYKTbI, KOTOPble MOTYT HaWTH dafbHerllee
NpHMeHeHHe, a He TMPOCTO YHHYTOMKATb HX,
noAeeprag  AeCTPYKUMH  myTeM  GHOXMMH-
4YeCKOr0 OKHCIEHHs, TePMHYeCKOro pas(orKe-
HHA W Ap.

B Hawen (laboparopun pa3paboTaHbl
a¢deKTHBHbIE CnocoObl OYHMCTKH W Mepepa-
60TKH (PeHOMbHBIX NPOMCTOKOB H OTXO/0B, a
TaKXKe TEXHOOTHMH MNpOolEeC-COB, KOTOpble OC-
HOBbIBAIOTCA Ha  Pa3AH4HBIX  XHMHYECKHX
npespatleHnax ¢GeHo-10B B HepacTBOpPHMble B
Bode M&IOTOKCHYHble CoeauHeHnsa, obna-
Aalolne LUenbiM pAAOM LIeHHbIX CBOWCTB.

Bbi1o H3yvyeHO B3aMMOAENCTBHE Cyabdo-
XaopnaoB ¢ eHonaMn B YCIOBH-AX KaTaiHaa
OCHOBaHMAMH B BOAHbIX H BOAHOOpPraHH-
YeCKHX cpegax. [lokasaHo, 4YTO KaTanuTH-
YeCKHA 3¢ddeKkT aaa  peakurH ¢eHonH3a
MHOTOKpaTHO Bblllie, YeM A0A PeakuuH rud-
pon3a, YTo MO3BOAAET HCNONb30BaTh AAHHBIA
npouecc AnA  AedeHoAAlHUH  NPOMCTOKOB.
PaspaboraH cnoco O4MCTKH M nepepaboTkH
(beHONbHbIX MPOMCTOKOB H OTXOAOB, KOTOPbIN

WASTELESS METHODS OF PHENOL-
CONTAINING
INDUSTRIAL WATER PURIFICATION

Skrypnik Yuri G., cand.sci,(chem.), senior
scl. worker

Besrodnyi Viadimir F.,cand.scl.(chem.),
senior sci, worker

Lyaschuk Sergei N., cand.sci.(chem.)
Jenja Vasilij I, cand.sci.(chem.)
Vasifjeva Natalia V.

' Prokofjeva Ljudmila A.

Gnatjuk Alexej 1,

Kiprja Alexandr V.

Karant Maria L.

SKkrypnik Svetlana Yu.

The problem of utilization of waste waters
and their purification from the toxicants is
one of the most important ecological
problems. Phenol being among the most
wide-spread and toxical pollutans are at the
same time important product of organic
synthesis. With fairly concentrated phenol
waste waters it is advantegous to extract
phenols or to transform them to small toxical
products, which is lightly separated from
water and may be used rather and not purely
to destroy them by biochemical oxidation,
thermal destruction and etc.

In our Laboratory effective methods of
purification and work of phenol industrial
waste waters and wastes and also the
technologies of processes, which are based

on the different chemical phenol
transformations  to, unsoluble in water small
toxical compounds, which have some

valuable properties, have been discovered.

It has been studied the interaction of
sulfochlorides with phenols in the conditions
of base catalysis in aqua and aqua-organic
mediums. It has been shown that catalytic
effect for phenolysis is much higher than for
hydrolysis. It permits to use these process for
dephenolation of industrial waste waters. The
method of purification and work of phenol
waste - waters and wastes was
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3aKao4aeTcA B HX o00paborke cynbdoxno-
PHAOM B TNPHCYTCTBHH OCHOBaHHH.

+B

RSO2CI + ArQOH ssss® RSOQ20Ar (1)

- B HCI

MpoayKThl OYHCTKH, heHHAoBbie PHPbI

CynbpOKHCIOT HABIAIOTCA MAacTH(PHKATOPaMH
H pacTBOPHTEIAMH pAda [IacTMacC M pe3HH,
NPOABAAIOT NecTHUHAHble CBOKCTBA. [ToKazaHa
BO3MOXHOCTh HX [PaKTHYECKOro HCnoab-
30BaHHA, |

B KayecTBe peareHTOB AA OYHCTKH MOrYT
ObiTh  MpHMeHeHbl apHaCYabgOX(IopHAbl, a
TaK/e CMECH anKaHCyab¢pOXAOpHAOB (NPOAyK-
TOB OKHCAHTENbHOrO X(IOPHPOBAHHA (AHCY(Ib-
¢$HA0B M MepKalnTaHoB).

Ha ocHOBe peakUHH CyabdOHHAHPOBaHHA
deHonoB paspaboTaH Takxke 3¢ EKTHBHBIA H

BbICOKOYYBCTBHTEIbHbIA MeToq aHanH3a
¢eHoaoB.
KoHaeHCaUnOHHO-XMMHUYECKHH cnocob

AedeHoAUNH CTOKOB OCHOBbIBA€TCA Ha CMo-
cobHocTM eHoaa BCTyNiaTb B peakuHio
MOAHKOHACHCALMH C Y4YacTHEM anbaernios H
3aKkmovaerca B oOpaborke CToYHbIX Bod dop-
ManbgernaoM B KHCaOR cpege C goOaBKOH
[IONOMHUTENbHOro pearenTa, [aHHad gobabka
yraybaser KoHgeHcaumio <¢eHona H o dop-
ManbAernaa H pes3KO YBenuyHBaer rayOuHy
M3BlevyeHHa eHona. [IpH 3TOM Hapsay. C
¢deHoNOM B peaKkLHI0 BCTYNAOT H yJansloTca
¢eHOono-CNNpThI, anbaeruabl, KpaCHTeNH,
CIIMPTbI, OMHroMepHble NOAyNpoAyKTbl H Ap.

B  pe3yabraTe  OYHCTKH  oOpasyercd
NPOCTPAaHCTBEHHO-CIUNTBLIA MOAMMEp B BHAE
MOpOLUKa, KOTOPbIAH MOMeT ObiTb HCNO(Ib30-
BaH B KayecrBe MOAHQHUHMPYIOLEro Harnoda-
HUTEenA A0A ambderraHbiX CMod, Pe3nH, AA
noay4yeHna copOeHTOB HOHOB TAXKenblXx MeTa-
(10B,

DKCTPAKIHOHHO-XHMHYECKHH cnoco6
H3Bne4yeHna (peHoaoB M3 MPOMCTOKOB 3aKmiO-
YaeTcA B HCAOAb3oBaHMH  3ddeKTHBHOro
TEPMHYeCKM W  XMMHYeCKH  crabHabHoro
BbICOKOKHIALWEIO KOMIIEKCHOIO 3KCTparexTa,
KOTOpbI MOCAe OTFOHKH  (peHOnoB  BO3-
BpallaeTcd B npouecc MHoroxpatHo Oe3 pe-
reHepaLHH.

PazpaboranHble crocobbl OYHNCTKH
yClewHo Mpowan aabopartopHble W ONbITHO-
NpOMbIUIIEHHbIE HCIbITaHNA Ha pAde npea-
NpHATHA PoccMH W YKpanHbl H PEKOMeHI0-
BaHbl K BHeapeHuio. [lokaszaHo, 4TO B MpoO-
MbILLI(IEHHBIX YCIOBHAX AOCTHI'aeTCA BbICOKaA
creniedb ouynctkn  (Oonee 99.9 %), ocTa-
TOYHaA KOHUeHTpauua ¢eHoda B Bode Ha

elaborated,which consist in their treatment
with sulfochloride in the presence of a base.
+B

RSO2CI + ArOH ssss® RSO20Ar (1)

- B HCI

The purification products, sulfonyl acids
phenyl esters, are plastisizers and softeners
of some polymers and rubbers, evince
acaricide properties. It has been shown the
practical  possibility of their practical
application.

Arylsulfonyl chlorides and also mixture of
alkanesulfonyl chlorides (products of oxidate
chlorination of disulfides and mercaptanes)
may be used as reagents for purification.

It has been elaborated the effective and
high sensitive method of phenols analysis on
the base of sulfonylation reaction of phenols.

Condensative-chemical method of waste
waters dephenolation is based on the phenol
ability to enter into polycondensave reaction
with aldehydes and consists in waste waters
treatment with formaldehyde in acid° medium
with the addition of the reagent. The present
reagent increases phenols, formaldehydes
condensation degree and their extraction
from water. Also side by side with phenol
phenolalcohols, aldehydes, dye-stulffs,
alcohols, oligomeres and etc. interact and is
extracted from the water,

As a result of purification the space-
network polymer is obtained in the form of
powder, which may be used as a ptomote
filler for aldehyde resins, rubbers for obtain
of sorbent for heavy metal ions.

Extractive method of purification is

- consisied in using of effective, thermal and

chemical stable high boiling complex
extragent, which may be retum to process
after phenol distillate withiot regeneration
many times.

Elaborated methods of purification standed
the laboratory and industrial tests on some
enterprices of  Russia  and Ukraine
successfully.lt has been shown the high
degree of purification in industrial conditions
(more than 99.9 %), the residual phenol
concentration is equal to 0.1-1 mg/l. The
methods are intended for purification of
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ypoBe 0.1-1.0 wmr/a. Crocobbl mnpeaHas-
Ha4yeHbl A0A OYHCTKH [POMbILIIEHHbIX CTOY-
HbIX BO/A TPeArpPHATHA XHMHYECKOH, HedTexn-
MHYECKOH, KOKCOXHMHYECKOW, 31eKTPOTEeXHH-
YeCKON 1 APYrHX OTpaciied rpOMbilINeHHOCTH,
Ha ocHoBe crnocobos paspaBoTaHbl TeXHO10-
MU OYHCTKH (PEHO(bHbIX [POMCTOKOB C
MCNoNb30BaHHEM CepHAHOro 0BOpYAOBaHHA.

H3bickaine 3ggekTHBHoro cnocoba obec-
¢eHONMMBAHNA CTOYHbIX BOA ABIAETCA OAHOM
N3 BaHeAWNX 3agad B obiler nporpamMe
OXpaHbl OKpykawuled cpeabl PauHOHanbHOro
HCIMONb30BAHHA OTXOAOB NMPOMbILIAEH-HOCTH,

Cnemyer OTMeTHTb, YTO <heHoabl, Oyay4H
OHMM H3 Hanbonee BpeaHbIX W TOKCHYHbBIX
3arpA3HUTEnen CTOYHBIX BOA, ABAAIOTCH B TO
e BpeMA BaKHbIMH NPOAYKTAaMH [1POMbILL-
(IeHHOrO OpraHn4eckoro cuHrte3a. Ha ocHose
¢denonos padoTaer pAd HaNpaBAeHNH XHMu-
YeCKOH  MPOMBILUIIEHHOCTH:  MPOH3BOACTBO
N1actTHOHUKATOPOB,  CMOA,  KpacuTenen H
noaynpoaykros, [NAB n ap. H, ecrecTBeHHO,
uernecoobpasHo  MCNonb3oBatbh deHOAbl K3
CTOYHBIX BO/A, a He MpOCTO YHHYTOXKaTb HX,
310 o0cobeHHO BamHO 418 KOHLUEHTPHPO-
BaHHbIX (PEeHOMbHBIX CTQYHBIX BOA H BbIOPO-
COB. ’

B 2TOM nraHe HaMm MNpeACTaBAAOTCA BeCh
Ma MepCrneKTUBHBIMH  CNocoObl  QYNCTKH
(beHoncogepawnx CTOuHbIX BOd, Oazupylo-
wHecs Ha OCHOBE DPa3aHyHbIX XHMHYECKHX
npeppailennit $eHon0B B HepacTBOPHMbIE B
BOAE W {1eTKO OTACNAUINEeCA MANOTOKCHYHbIe
CoeMHEeHHA, KOTOpble MOTYT ObiTb
HCNOAb30BaHbL.

XHMHUYeCcKHH Croco® ¢ HMCNob30BaHHEM
CynbdOX10pHaos

XMMHYeCKkni  Crocod ¢ MCnonbioBaHHeM
cynbdoxaopuaos  paspabotaH Ha  OCHOBE
pe3yabTatoB  HMCCAEA0BaHHUA
‘MexaHH3Ma  peakuHH  CYab(pPOHHANPOBAHHA
¢eHOoN0B B YCMOBHAX KaTanu3a OCHOBaHHUAMH
(1) (1,2)

+ B

RS0O2CI + ArOH ssss® RSO20Ar (1)

- B HCI

HaMr noka3aHO, MTO NpH KaTalH3e OCHO-
BaHHMAMH B BOAHBIX H BO/HO-OPTraHHYECKHX
cpefax MperuMyLleCTBEHHO . rnpoTekaer ¢eHo-
M3, 1 NpakTHYeCKH He HaeT IMApOH3 Cyib-
doxaopnaos (3,4). 10T . pakT 0OBACHAETCA
CYLIeCTBEHHBIMM  Pa3IMYMAMH B~ KaTadHTH-
YeCKOM [eHCTBHH OCHOBaHMA B cay4ae
ruapoarsa W ¢deHonnsa. TaK, KaTaaHTHYeCKHH

KHHETHKH H

industrial waste waters of chemical, oil-
chemical, coke-chemical, electro-technical and
other industries. On the base of mehods it
has been elaborated the purification
technologies for phenol industrial waste
waters with using of serial equipments.

Working out an effective method of
dephenolation of waste waters is one of the
most important aspects in the general
problem of enviromental protection and
rational use of industrial waste.

It should be noted that phenol being
among the most widespread and toxical
pollutants in waste waters are at the same
time . important product for industrial organic
synthesis. Phenol provides the stuff for a
number of branches of chemical industry,
e.g. for production of resins, plasticizers, half-
finished products and dyes, surface-active
substances, etc., and it is naturally advisable
to use phenol of waste waters and not purely
to destroy them. It is the most important for
a concentrative - phenol waste waters and
pollutions.

In this respect we consider very promising
methods of purification phenol-containing
waste waters developed on the basis of the
different chemical transformations of phenols
into insoluble in water and lightly separate
small toxical compounds which may be used.

Chemical method using sulfochloride

Chemical method wusing sulfochlorides
developed on the basis of the results
obtained in the research of Kkinetics and

reaction of
conditions

mechanism  of
phenols under
(N(1,2).

+ B

RSO2CI + ArOH ssss® RSO20Ar (1)

- B HCI

sulfonylation
base catalysis

It has been shown base-catalysed
phenolysis of sulfonyl chlorides in aqueous
and aqua-organic proceeds predominantely
and hydrolysis does not realise (3,4). This
fact is explained by the essential distinqwish
of catalytic action of bases in the case of
phenolysis and  hydrolysis. Thus, the
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a¢pdeKT TpHITHNaMHHA B peakUHH THAPOaH3a
COCTaBAHET
kkar./kHeKar. = 5.6:10"4/0.135.104 = 415,
B TO BPEMA Kak aaA peakuun dpeHoarza
kkar./knekar. = 10°1/10-7 = 106,
rae kkar., kHeKaT. — KOHCTaHTbl CKOpPOCTH
nepBoro nopsaka, ¢l, ana peakunn Memay
BeH301cyabdOXAOPHAOM H  (PEHOMOM  HaH
BOAOH B YCAOBHMAX MCeBAOTIEPBOrO MOPAAKA,
B NPHCYTCTBHH TPHITHIAMHHA AaA KKar..

3TH pe3yabTatbl OOBACHMMBI C  TOYKH
3peHna  MexaHH3Ma  oOwWero  OCHOBHOIO
Katanvia (2), MocKoabKy ¢eHoa Kucaora
Oonee cHAbHas, yeM Boda.

+ RS0O2C]

ROH + B -sss5® R'O-H B ssss® RSO20R' +
B HCI (2)

ObICTPO MeaneHHO

TaknM o0Opa3oM, B YCAOBHAX Karanusa
OCHOBaHHAMK, Tmpouecc ¢eHoansa - cyabdo-
Xaopuaa [MpaKkTHYeCKH [OAHOCTLIO MNpeBadu-
pyer Hag MNpoleccoM ruaponn3a, bnarogaps
YeMy €CTb BO3MOXKHOCTb HCIMOIb30BaTh 3TY
peakuHio AdA AdedeHONAUNH MPOMbILLIIEHHbIX
CTOYHBIX BOA.

Ha ocHoBe npoBedeHHbIX KHHETHYeCKHX
Hceaegosadmi  Obla paspabotaH  crnoco®
OYHCTKH CTOYHBIX BOA OT eHoaos (5,6),
npoBeaeHa orpaboTka TeXHO/TOrMYECKHX
napamMetpoB npouecca (Tabn.). C nomouibio
XMMHYecKoro  crnocoba  obecdeHonnBaHHA
OYHCTKE MOTYT rogBeprarbcs BOAbl C Heorpa-
HHUYEHHO BbICOKOM MCXOAHOWM KOHLEHTpaunen
¢eHona. CreneHb O4YHCTKH MNpeBblliaer 99.9
%, ocraroyHas KoHLUeHTpauna ¢eHoda Ha
yposHe 1-10 mr/n.

T.K. cyabdOXAOpHAbI B BOAE HepacTBO-
pumbl,  AaA yBeM4eHHA NMOBEPXHOCTH
KOHTaKkTa HeoOXOAHMO HWHTEHCHBHOE rMepeMe-
lUHBaHNe peakunoHHOR Macchi, OnTHMannHas
CKOPOCTb  NepeMelnBaHna  okono 3000
06/MnH,. (Taba.). Moga4vy Karaau3zaropa ydile
MPOH3BOANUTL HEMpepbIBHO B TeYeHHe NepBOH
NOMOBHHLI BpeMeHH MpPOBeJeHHA Mpolecca
(Taba.). ONTHManbHOM ABAHETCA TeMneparypa
CTOMHOM  BOAbl B npegenax  10-300C.
[loBbllieHHe TeMIepaTyphl BeAEeT K Pe3KoMy
CHHX&KeHHIO cTeneHH obecdeHOonHBaHHA M3 3a
3HAYHMTENbHBIX  pPasHYnMA  AaKTHBAUMOHHbIX
NnapaMeTpoB peakuna ruaponH3a u ¢eHoansa

(Taba.). [aA ryApOH3a OHHM 3HAYMTENBHO
Bblille H noromy NpH MOBbILWEeHHH
Temnepatypbl T'MAPOH3 TNpeBaMHpPyeT Hag
¢hpeHOon30oM.

Bbll0 H3yYyeHO BAHAHHE NPHPOAbl KaTanu-
3aropa Ha npouecc. Kak BHAHO H3 TabnHLbl,

catalytical effect of triethylamine for
hydrolysis of benzene sulfonyl chlorides is
equal to
kcat./kincat. = 5.6 104/0.135 104 = 41,5,
at the same time for phenolysis it is equal
to
kcat./kincat. = 10717107 = 106 |
where Kkcat., kincat. are the first order rate
constants, " ¢-1, for reaction between
benzene sulfonyl chloride and phenol or
water under pseudo-first-order conditions in
the presenceof triethylamine for kcat..

These results are explained in according to
the view point of mechanism of general-base
catalysis (2), because phenol is more power
acid than water.

+ RS02Cl!

ROH + B -sss® R'O-H B ssss® RSO20R' +

B HCl (2)
fast slowly

Thus, _in  base-catalysed  conditions
phenolysis of sulfonyl chlorides predominate
completely in comparison with the hydrolysis.
For this reason, it is the possibility to use
this process for dephenoclation of industrial
waste waters,

On the basis of the obtained results a
method of purification of waste waters from
phenol has been elaborated (8,9) and
technological parameters for the process have
been established (Table). Chemical method of
dephenolation may be applied for purification

of waters with any initial phenol
concentration. The purification degree s
more as 99.9 %, residual phenol content

equals 1 to 10 mg/l.

As far as sulfonyl chlorides are water
insoluble intensive mixing of the reaction
mass is necessary to enlarge the surface of

-contact. The most advantageous mixing rate

is approximately 3000 rpm (Table). It is
advisable to supply the catalyst during the
first half of the process time (Table).The
optimum temperature lies within the limits of
10 to 30 OC (Table). The increase of
temperature leads to abrupt decline of
dephenolation degree. This apparently occurs
due to significant differences in activation
parameters of hydrolysis and ester therefore
with the increase of temperature hydrolysis
prevails over ester formation.

The influence of the catalyst nature on the
process has been studied. As Table shows,
application of pyridine is rather uneffective.
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npriMeHeHne NMUpHAHHA HeapPeKTHBHO.
Xopoume pesyabTartbl AaeT HCnoab3oBaHHe
aMMHaKa, Leno4H, Codbl, TPHATHAAMHHA.

CrouHble  BOAbl, KpoMe  COOCTBEHHO
(deHona, coaepxKar Kpe3odabl, KCHAEHOMbl H
Heablin pAa Apyrux ¢eHoaoB. BblIO H3yvyeHo
BAMAHHE CTpOeHHA (eHona Ha npouecc aede-
HOAALMM H TOKA3aHO, YTO MNpoLecC YCMNelHo
npoTekaeT W 41A APYrux (peHonos.

Hcxoas M3 MoaydeHHbIX pe3yabTaToB Obia
caenaH BbIBOd O BO3MOKHOCTH MNpaKTHYeC-
KOro TMpHMeHeHHA XHMH4YecKoro crnocoba
OYHMCTKH CTOYHbIX BoA. Ha HCKYCCTBEHHbIX
CMeCAX C HCXOJHOM KoHLeHTpaiueHn ¢eHona
5 r/a obecderoan-saHne Oblao Bbiwe 99.9 %
© OCTATOYHAA KOHLeHTpauua deHoaa 1-10 mr/m.

Crnoco® Obln’ HCObITAH HAa KOKCOXHMH-
YeCKHX CTOYHbIX BOdax. CrerneHb OYHCTKH
coctaBHaa 99.4 % ocTaro4yHoe codepxaHne
¢eHoaa 5-10 mr/a, OAHOBPEMEHHO CHHZKaeTCH
coaepiKaHHe pogaHnaoB Ha 30 % LMaHngoB
B 35 pa3s TMNoMHOCTbIO 00e3BpeXHBaeTCA
cepoBogopod. Kpome 3toro ObiiM MpoBegeHbl
NCIBLITAHHA Ha BbICOKOKOHLIEHTPHPOBAHHBIX
(peHObHBIX CTOKAX XHMHYECKHX [MPOH3BO/CTB
(cogepmanné ¢eHonos ot 13 go 80 r/n).
CreneHp OYHCTKH CBbIlIe 99 %,

The wuse of ammonia, alkali,
triethylamine yields good results.

soda,

As far as waste waters except phenol
proper contain cresols, xylenols, and a series
of other phenols, the influence of phenol
structure on the dephenolation process has
been investigated. It has been demonstrated
that process also successfully proceeds in the
case of other phenols,

Proceeding from the obtained results one
can make a conclusion about the possibility
of practical application for the chemical
method of purification of phenol waste
waters. In artifical mixtures with the initial
phenol concentration 5 g/ dephenolation
reached 99.9 % and more,residual phenol
concentration equaled 1 to 10 mg/! and less.

The method has been tried on industrial
waste waters. Dephenolation degree
comprises 99.4 %, residual phenol content
equals 5 to 10 mg/l. Simultaneously
rhodanide content is brought down to 30 %,
cyanides to 3 or 5 times and hydrogen
sulfide is rendered completely harmless.
Besides, tests on high-concentration phenol
sewers of chemical plantswere carried out
(phenol content from 15 to 80 g/l
Dephenolation degree reached over 99.9 %.

TABJHLA. Bonanne pa3an4Hbix $akTopob Ha npoiecc AdedeHoaaumnn
(209C; cKopocTb nepeMewnBaHna 3000 00 /MHMH ; McXoaHaA KOHLeHTpauua deHona r/m;
MOApHOE COOTHOWeHHe (eHonm:Cyabdoxaopua: ocHosaHne 1:1.25:1.50).

dakTop BapbrpoBaHHe Ocrarto4Han CreneHb OYHCTKH,
KOHLEHTpauuna deHona, %
MF/i1.

Mpnpoga NH3 78 | Temnepa- 10 99

Ckopoctb 1600 83 98.34

Bpems nogaun 3 123

98.44 98.02 nepemewnsa- 2000 68 97.54
ocHoatna NaOH | typa, ©C 20 38 98.64 ocHoBaHHs, 6 85
27 99.46 99.24 HusA, o6/mun 2440 50 98.30
Na2CO03 2 99.96 40 298 94.04 99.00 MHH, nocae 9 40
| (C2H5)3N 1 55 1147 76.06 2900 41 99.18 99.20
99.98 65 4587 8.26 3300 40 99.20 Havyana npo- 12 36
C3H5N 4500 ' 99.28
10.00 uecca 25 34 99.32
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TABLE. The influence of different factors on dephenolation process
(20 9C; mixing rate 3000 rpm; initial phenol concentration 5 g/l;
molar relative phenol: sulfochloride:base=1:1,25:1.50).

Factor Variation Residual phenol Purification
concentra-tion, ma/l DEGREE, %
Base NH3 78 Tempera- 10 99 Mixing 1600 83 98.34 | Supply time 3 123 97.54
98.44 98.02 rate, 2000 68 98.64 of the base, 6 85 98.30
nature NaOH 27 ture, ©C 20 38 rpm 2440 50 99.00 min, after 9 40 99.20
99.46 99.24 2900 41 99.18 beginning 12 36 99.28
Na2CO3 2 99.96 | 40 298 94.04 3300 40 99.20 of process 25 34 99.32
(C2ZH5)3N 1 55 1147 76.06 -
99.98 65 4587 8.26
C5H5N 4500
10.00
MpogykraMn  peakunH (1)  ABaAlOTCA Sulfonyl acid phenyl esters are the
¢eHnnoBble 3HPbI CynbOKHCAOT, Kotopble | products of the reaction (1), they are
HepacTBOpPHMbl B BOAE W (erko otaenmiorca | insoluble in water and one are lightly

oTctansaHneM. dennacyabdonarbl obaagaloT

uenbiM  HaboOpoM  pa3anuyHbIX  MONE3HbIX
CBOHCTB, B YACTHOCTH, HeKoTopble
¢ernaoBble  3PHPbl  CyNbMPOKHCAOT  AABHO

H3BeCTHbI (7) Kak naactHgHKaTopbl pe3nH H
nnactMacc. B [lepMannn n Kntae nMeloTcs
KPYMHOTOHHaXHble [POH3BOACTBA NNACTH(H-
KaTopoB TaKoro ppaa, Hanpumep, MesaMmonn.

KpoMe Toro, ¢enunapuacynbgoHarbl obaa-
A310T  akapuuMaHbiM - AendctereM (8], Paa
COeqHHEHHH TaKkoro pogda  BbillyCKaercA
NpomMbilleHHOCTbIo A1A Gopbbbl C KaewlamH.
H3BecTHbl M apyrMe cdepbl  BO3MOMHOIO
npHMeHe HUA eHHACYIbOHATOB.

YuYnThiBaA BbilleCKa3aHHOE, MOXKHO KOHC-
TaTHpOBaTbh, 4YTO obpasylolnecs B pe3ynibrare
OYMCTKH  eHONbHbIX CTOKOB  heHnncynb-
¢doHatbl nocae AOMONHHTENbHOA OYHCTKH Han
6e3 TAakoBOW, MOTYT HaWTH npuMenenve. Hamu
6binn  npoBeaeHbl  MCMbITAHWA  NPOAYKTOB
AedeHONAUMH H noKadaHa MpHHLUHNHanbHan
BO3MOXXHOCTb MX MCMOb30BaHNA,

lMpuMeHede  NpPOAYKTOB  AedeHoaAunH
MOMET B 3HA4YHTEenbHOHM CTerneHH KOMMeHCH-
poBaTh pacxodbl Ha MpoBedeHHe OYHCTKH, a
B pAde cayyaeB AaTh NMPAMOH 3KOMOTHYECKHH
apPeKT.

Cniocob aHanusa ¢eHonoB pa3paboTaHHbli
B Hawen nabopaTopuH, Takxke Oa3npyerca Ha
peakuny cynbpoapupoobpasosanna (1) (9).
OH coctonT B 06paboTke eHONBHOroO pact-
BOPa B BOAHOW, BOAHO-OPraHM4eckon H opra-

separated from water by settling. Sulfonate
esters have series different useful properties.
in particular,some phenyl esters of sulfonyl
acids are widely known as plastisizers and
softeners of high-molecular compound and
rubber {7). There are the high (onnage
production of suchplastisizers as mesamoll
and others in Germany and China. Bisedes,
certain phenyl esters evince acaricide
properties (8). Series such compounds are
produced for struggle against ‘tetranychus'. It
is known other fields of possible using of
sulfony!l acids phenyl esters.

Thus, we state, that sulfonyl acids phenyl
esters, which are formed by the defenolation
processes, may be used after additional
purifying or without one, We carried out
examination of defenolation products and
showed the principle possibility of their using.
The using of ones may compensate for
purification expenses and give a direct
ecological effect.

The method for phenol analysis elaborated
in our laboratory is also based on the
reaction of sulfoester formation (1) (9). It
consists in treatment of the phenol solution
in agueos, aqua-organic and organic media
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HHYECKOM cpedax CyabGhOXAOopHaAOM  nocae-
AYIOUWMM  XpoMartorpadHye-CKUM  onpedeneHu-
eM obpasylolmnxca CynbgoapnpoB, Peakuna

nporekaeT ¢ KOAN4YECTBEHHbIM  BbIXOAOM,
caeaosarenbHo, MoabHaa  goaa  3dgHpa
COOTBECTBYeT MOALHOM gone «¢eHona B

HCXO4AHOM pacCTBOpPE.
KoHaeHCauMOHHO-XHMHYECKHA _cnocob

KoHaeHCaUHOHHO-XMMHYeCKHA cnocob
OCHOBBIBAe€TCA Ha peaKkLMH NONMKOHAEHCALHNH
deHona w dopmaabaernga B YCIOBHAX
KHCAOTHOrO Karann3a ¢ AoDaBKOH AOMO(HH-
TenbHOro pearexta. [aHHaa agoGaska yray6-
(1AeT KoHaeHcauHuio deHoaa n ¢opmaabaeruaa
M pe3ko YBeaH4YnBaeT TrayOHHY H3BICYeHNA
¢deHoaa H3 BOAbI.

Mpouecc npoTekaer ¢ obpa3oBaHHeM
NpOCTPaHCTBEHHO-CLIMTOrO nonnMepa. B
3aBHCHMMOCTH OT COOTHOWeHua d¢eHona, ¢op-
Mafabferuda n peareHTa, KUCAOTHOCTH Cpeabl
noay4aloTca NPOAYKTbI, KOTOPble OT(IHYAIOTCA
CTpoeHHeM, PHUINYECKUMH H Ap. CBOHCTBAMH.

Criocob aedeHonAUHH Obia ONTHMH3MPOBaH
C Uenbl0 MakCHMMAbHOTO H3BaeveHHA ¢eHona
H3 Boabl. Bbl1O NOKasaHoO, 4YTO OMNTHMadbHOH
ABAAeTCA Temnepartypa 95-100 ©C, wuro
NosBonfAeT 3aBepliarth Mpolecc B TeYeHHe 2
yac, Yem Bbllle KHCAOTHOCTbH Cpeabl, TeM
6bicTpee N 3ddeKkTHBHEe NpoTeKaer npouecc,
ontrmManbHon ApadAercA pH cpeabl Ha ypoBHe
2. BaXeH TaKkxe MNOPAAOK BBeJeHHA pea-
reHTOB M KHCIOThl NMOCKObKY B pAade Cayvaes
HabalogaetcA OypHoe BCKHMaHWE peakuy-
OHHOM Macchl, o6pa3oBaHHe KpYMHbIX KOMKOB
ocaqaka.

KoHaeHCauHOHHO XMMHYeCKHH cnocob ros-
BOAAET MPOH3BOANTD OYHCTKY CTOMHbIX BOA,
cogepAKaLlrx ¢peHoanbl, deHoA0CnupThI,
anbernapl, OANroMepbl, KpacHTedH H Ap.
Hanbonee wuenecoobpasHO ero npHMeHeHHe
AA OYHUCTKH HaACMO(IbHBIX BO/ NMPOH3BOACTBA
¢deson-popmanbgernaHbix  cMmon.  HavaabHas
KOHUeHTpauna ¢eHoaoB MoxeT ObiTb Ha
ypoBHe 30-40 r/a1. DPp¢EeKTHBHOCTL OYHCTKH
cocraBager 6Oonee 99.9 %, ocrarouHas
KOHUeHTpauHA d¢eHona B BOJEe Ha YpOBHe
0.1-0.5 mr/n.

Mpoaykt obecdeHoansanna, @PopMonop,
npeacraBager co0OA  MNOPOWIOK, HMeIOLHH
cTeneHs aucnepcHoctn 0.1-1.0 mm, 6Geaoro
uBeta HAH caabooKpa-ileHHbIA B 3aBHCHMOCTH

OT OKpacku cro4Hon Bogabl. [lopowok
HeTOKCHYeH, HMeeT 4-A KaacC OllacHOCTH.
HcnbiTaHMA  nokasany  BO3MOMHOCTH  ero

by sulfochloride with subsequent
chromatographic determanation of sulfoesters
formed. The reaction proceeds with
quantitative yield, therefore, the mole portion
of the ester coincides with the mole portion
of phenol in original solution.

Condensative-chemical method

Condensative-chemical method is based on
the polycondensation reaction of phenol and
formaldehyde in the conditions of acid
catalysis with theaddition of the reagent. The
present addition increases phenols,
formaldehydes condensation degree and their
extraction from water.

The process proceeds with the space-
network polymer formation. In dependence

on phenol, formaldehyde and reagent
correlation, acidity of medium different
products has been  obtained, which

distingwish on the structure, physical and
other properties. For the maximum phenol
extraction from the water the process was
optimizated. It has been shown that the
optimum temperature is 95-100 ©C, This
permit over the process during two hours.
The higher medium acidity, the rapidly and
effectively process proceeding. The optimum
pH is at two. The order of reagents and acid
introduction is important because in some
cases rapid boiling and big lumps formation
of product is observed.

Condensation-chemical method permits to
purify the waste waters, which contain
phenols, phenolalcohols, aldehydes,
oligimeres, dye-stuffs and etc. For purification
of tarwaters of phenol-formaldehyde resins
production the use of worked out method is
most effective. The initial phenol
concentration may be in range 30-40 g/l. The
purification degree is more than 99.9%, the
residual phenol concentration in water is
equal to 0.1-0.5 mg/l.

The dephenolation product (‘Formopor’) is
the powder with 0.1-1 mm dispersity. It has
white or low-saturated colour in dependence
on the waste water colour. The powder is
untoxical and has fourth class of dangerous.
Tests showed the possibility of ts use as a
promote filler for aldehyde resins and some
kind of rubbers. Besides, the powder has
large adsorption surface, contains active
functional groups and may be used as
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NpHUMeHeHNA B KayeCTBe MOANMDHUMPYIOLIEro
HanoMHHTEeNA A0A anbderHAHbIX CMOn  H
HEKOTOPhiIX BHAOB pe3nd. Kpome TOro,
MOPOWIOK, HMeA pa3BHTYI0O MOBEPXHOCTb, CO-
[EPXHT aKTHBHble (PYHKLHOHabHble TIPYMIibl,
YTO MO3BOAAET HCIOMb30BaTh ero B KauecTBe
aacopbeHTa MOHOB TAMENbIX MeTannos.

Ha ocHOBe KOH/eHCaUNOHHO-XHMHYECKOro
cnocoba paspaboTaHa TeXHOOTHA OYHCTKH
¢deHoacogepKallUX NPOMCTOKOB, MpPOBeAeHbI
OMbITHO-NPOMBILIEHHbIE HCNbITAHHA cnocoba
M BedercAd  MPOEKTHPOBAaHHWE  YCTAHOBKH
OYNCTKM Ha pAde MNpeanpuatHi PoccMH H
YKpauHbl,

JKCTPAKLMOHHO-XHMHYECKHA . cnocod

Bbln noay4veH 3¢h@peKTHBHBIA KOMIIEKCHbIN
3KCTpareHT OCHOBHOrO XapakTepa, KOTOpbIH
No3BoafAeT AOCTHraTh CreneHn aAedeHOnALNH
CTOYHOHM BoAbl Ha 9999.5 % 3a odHy
cTynehHb. [Ipy 2TOM yaganfloTcA (peHod H ero
pazauuHble 3amelleH-Hble. EMKOCTb  3KCT-
pareHTa no OTHOLUEHHIO K peHody AoCTHraet
60 %. baarogapA BbLICOKOH TEPMHYECKOH H
XHMHYECKOH  CTabHAbHO-CTH  3KCTpareHra,
abcopbrpoBaHHbIA deron oTaenaeTcA
docraroqHo npocro.  [Ilpy  pektndpHKalun
KOMIIEKCHOrO  3KCTpareHra, HacbileHHOro
eHonom, aacopOuHoHHaA Bogda  NEpPBOH
ydaqdaeTca B BHAE azeoTpolla, Hanpumep, C
TOAYOIOM. 3aTeM,lIpH BO3PACTaHHH TeMNepa-
TYpPhl PpeKTH(]pHKauuy (NpH HOpMabHOM JaB-
deHHH HIH C HCIOb30BAHHEM  BaKyyMma)
BblaeamioTcA deHoanl M - Kpesoabl. [locae
OTroHKkN deHona 3KcTparedT ©6e3  AononHu-
TeqbHOW pereHepaLlHH MoXxeT ObITb HCNOdb-
30BaH Aas gedeHoqAUHH MHOrOKparHo.
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adsorbent for heavy metal ions,

On the base of condensative-chemical
method the technology of purification - of
phenol-containing industrial wastw waters has
been elaborated. The technology standed the
tests on industrial conditions.The purification
plants is projected for some enterprises in
Russia and Ukraine.

Extractive-chemical method

The effective complex extractive agent of
basic character, which allows to obtain the
waste water dephenolation degree 99-99.5%
during the periodic one-stage treatment, has
been prepared. Phenol and different
substituted phenols being removed "besides.
The extractive agent capacity in phenol
attains 60%. Thanks to high thermal and
chemical extractive agent stability the
absorbed phenol discharge becomes simpler.
At the rectification of complex extractive
agent saturated by phenol absorbed water is
first removed with azeotropizer, for example,
toluene. Then, the rectification temperature
eing increased (the pressure .being normal or
with vacuum use) henol, cresols are distilled
off. after the phenol distillation the extractive
agent without additional regeneration is once
again subjected to dephenolation and it is
capable to be used repeatedly.
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IKOMOTHYECKAA DKCIMEPTH3A B CHCTEME
MOHHTOPHHI'A KAHECTBA BOAHbIX
PECYPCOB

@.H. TroroHoBa,

EM.IpaveBckan, -

HuHCTHTYT aHTOChepsr FAL

O6ocTpeHHe 3KONOMHYECKOW CHTyaLUHH B
npegenax ypbaHH3HpOBaHbIX TEPPHTOPHH B 3HA-
YHTenbHOH Mepe 00YyCN0BNEHO 3arpA3HeHHeM
BOAHBIX pecypcoB. HalHOHAIBbHBIH OMbIT MOHH-
TOPHHIa Ka4yecTBa MpeCHbIX BOA NOKa3biBaeT,
YTO HeoBpaTHMble 3KONOrHYecKHe MNocneacT-
BUA TEXHOreHe3a MOMHO [PeAoTBPaTHTb, HC-
Nob3ys 3KOMOTHYECKYI0 IKCNEPTH3Y NMPOEKTOB
HHKEHEPHO - XO3AHCTBEHHbIX MEPOMNPHATHH
KaK HHCTPYMEHT yNnpaBieHHA oObeKTOM MOHH-
TopHHra. Ee raaBHOA NPHOPHTETHOR UENbio
ABAAETCA (OCTHXKEHHe HEKOTOpOro npHemae-
MOTO B KOHKPETHbBIX COLUHANBHO — 3KOHOMHYeC-
KHX YCNOBHAX YPOBHA KadecrBa NpHpOAHbIX
BO/l XO3AHCTBEHHO -NHTbEBOro Ha3Ha4YeHHA.

B 3KoMorn4eckoHn 3KCMepTH3e CHCTEMbl MO-
HHTOPHHIa BOAHBIX PECYPCOB MOKHO BbIAENHTD
caeayloulHe OCHOBHbIE HalpabieHHA:

- 3KCNepTH3a NNaHOB, NPOeKTOB, CXeM Me-
PONPHATHH, TE€M HAH HHbIM oDpazom
BAMAIIHX Ha H3MEHEHHe Kavecrsa No-
BEPXHOCTHBIX H MOA3EMHbIX BOA;

— 3JKCNEpPTH3a TEeXHOMOTHYECKHX npouec-
COB, MPHMEHAEMbIX H BbIIyCKAaeMbIX H3-
AeHH H BellecTB;

- 3KCMepTH3a OTKPLITHA H H3006peTeHHH
TeEM HAH HHBIM OOpa3OM CBA3AHHBIX C
HCIONb30BAHHEM BOAHBIX PECyPCOB;

- JKcnepTusa paspabarbiBaeMblX CTaH-
[apToB.

FnaBHOH 0COGEHHOCTBIO COBPEMEHHOH 3KO-
IOTHYECKOH 3KCNepTH3bl ABAAETCA HeobXxoaH-
MOCTb NPUHATHA pPelieHHH B YCNOBHAX pHCKa
Ha Oasze onpegeneHHA CyGbeKTHBHOH BepOAT-
HOCTH TMPOHCXOKACHHA CAyYaHHLIX COOBITHH
(BEPOATHOCTHAA oONpeaeneHHOCTh MPH Heao-
CTarke HHGOPMaLHH) H Pa3HOH CTENeHH HX He-
onpeaeneHHoCTH.

B cBA3H C BLICOKHM ypoBHeM 3arpA3HeHHA
HOBEPXHOCTHbIX M NOA3EMHBIX BOA B pAae
perHoHoB PoccHHCKOR ®PeaepalHH HCKIIOYH-
TebHO BaXKHOE 3HAYEHHE HMeeT NOBblleHHE
3¢ PeKTHBHOCTH 2KCNEPTHLIX pelleHHH. OHo

ECOLOGICAL EXPERTISE
IN FRESH WATER QUALITY
MONITORING SYSTEM
o ]
F.lv.Tyutyunova,
E.M.Grachevskaya,
Institute of the lithosphere

An aggravation of ecological situation in
many industrial countries of the world is chiefly
caused by pollution and impoverishment of
fresh water resources. National experience in
fresh water quality monitoring shows, that it
is possible to prevent irreversible consequen-
ces of technogenesis, using ecological exper-
tise as a method for the monitoring object
management. Its main goal is the achievement
of suitable fresh water quality in the concrete
social-economic conditions.

There are several main directions in ecolo-
gic expertise of the fresh water monitoring
system:

- expertise of plans, projects and arran-
gement influencing the changes of terres-
trial and underground water quality as
sources of environment pollution;

-~ expertise of technologic processes, chan-
ging the chemical compositio of the
sewage and industrial waste;

~ expentise of the discoveries and inven-
tions connected with water resources
utilization; ’

- expenlise of the working standards.

The main feature of modern ecological
expertise is the necessity to take decision in
high risk conditions on the basis of subjec-
tive probability of random events (probabi-
lity definiteness in the lack of information)
and different extent of their indefiniteness.

The increasing of expert decision effici-
ency is of exceptional importance in connec-
tion with high level of terrestrial and under-
ground water pollution. It is limited by the
reason of expertise’s conceptional base; by
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AHMHTHPYETCA - OOOCHOBAHHEM KOHLIETTTYalb-
HOH OCHOBbI IKCNEPTH3bI, CO3AAHHEM CHCTEMbI
HaUMOHANBHOTO W pernoHanbHbiX GaHKOB aaH-
HbiX # 6a3 3HaAHHH O 33KOHOMEPHOCTAX TpaH-
copmaln 6accefHOBO — pevHbIX H BOaoo6-
MEHHBIX IMTOCHCTEM B YCNOBHAX TeXHOreHesa;
pa3paboTKOl ee MeToan4ecKod 6a3bl, H CHCTe-
Mbl CTAHAAPTOB KauecTBa NMPHPOAHOH Cpeabl.
Npn atoM 6onbluoe BHHMaHHE AOMKHO GbITh
yAeneHo aTeHTHON CTAAHH 3arpASHEHNH NPHPO-
AHbIX BOA, aHanudy HeOGNArofnpHATHbIX CHTYa-
UMK, KOTOpble MOrYT MNOABHTLCA B Oyaywem,
yuery caydantbix cobniTHH, oTaanettsie cobbl-
- THA KOTOPLIX 3aBHCAT OT MOKa Hernpeackasye-
MbiXx COObITHH HacTosulero u OGanmanwero
Gyayiiero, a TakKe 3KONOTH-4ECKHX TocneacT-
BHH TEXHOreHe3a, BO3HHKAIOWHX H pa3BHBAIO-
WHXCA CMyCTA oOnpedeneHHbIi NPOMEKYTOK
BpeMeHH, :

CoBpemeHHble TEHAEHLUHH COLNaNbHO-3KOHO-
MHYeCKOro pa3BHTHA PoccHH BbigsHraloT Ges-
oTaaratenbHylo HeoHXOAHMOCTb pelleHHA cne-
AYOUHX BaXHbIX npobnem:

- COBEPUIEHCTBOBAHHE Tpoueaypb! NpoBe-

NEHHA IKONOTHYECKOH SKCNEPTH3bI, BKAIO-
yaA pa3paboTKy 3KCNepTHbIX CHCTEM;

- paciuinpeHHe NpakTHKH NOATOTOBKH anb-
TEPHATHBHbIX pelleHHH;

~ CHHIKEHHE YPOBHR PHCKa NMPH MPHHATHH
rPYNNOBBIX 3KCNEPTHBIX PeleHHN;

~ NpHBaeetHe obLUIECTBEHHOCTH K 00Cy K-
ACHHK) HTOTOB 3KONOTHUECKOH IKCNEPTH-
3bl HA PErHOHANBHOM H HALHOHANBHOM
ypoBiie.

producing national and regional banks of data
and bases of knowiledge about transforma-
tion laws of basin-river and water-exchange
lithosystems In technogenesis conditions; by
the development of it’s methodic base and
the system of the environment quality stan-
dards. Serious attention to the latent stage
of water pollution and analysis of unfavora
ble situation possible in future, estimation of
the accidents, distant consequence of which
are dependent on unpredictable for the present
and nearest future events and also distant
ecologic reactions of technogenesis accounting
is essentially.

Modern trends of the social-economic deve-
lopment of Russia advance the urgent neces-
sity of decision on next important problems:

~ modifying of the ecological expertise
procedure conducting, inciuding the de-
velopment of the expert systems;

~ widening of the alternative decisions
preparing experience;

~ reducing of the risk level in group expert
decision;

~ organization of the public discussion
by the ecological expertise results on
regional and national levels.
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BE3PEAEHTHOE PA3E(EHHE
PACTBOPOB CMECEH B3(EKTPOHTOB MPH
OBPABOTKE KOHLIEHTPHPOBAIHHbBIX CTOKOB
e e e e

deparioritoB H. 5., Tpobos X. T.,
lopwkos B. H..npog.,
fap6ysnria (1.F..K.X.H.,

CrpycoBcKas H. (1.,K.X.H.,

TaBanHa O.T . K.X.H.

MocKoOBCKHH oCyaapCTBEHHbIA
Ynusepcrrer HM. M.B. [loMoHocoBa
XMMHYeCKHH paKyabTer

B aokaage rpHBeeHbl TNpHMepbl pasaene-
HHUA KOHLEHTPHpPOBaHHbIX OGHHapHbLIX PacTBO-
POB 31eKTPOMHTOB HOBbLIM, MpPeANOKeHHbIM
aBTOpaMH crnocoboM, OCHOBAHHOM Ha pasu-
YHAX B KOOH4YECTBaxX 31€KTPOAHTOB, NMPOHHKa-
IOWHUX B 3€pHa HOHHTA.

PasgeaeHne OCYLIECTBAAETCA Ha TMPOMblil-
eHHbIX HOHOOOMEHHbIX CMOdax.

OTIHYHTENbHBIMH OCOGEeHHOCTAMH criocoba
ABAAIOTCA MOAHOE OTCYTCTBHE 3aTpaT BCMOMO-
raTeabHbIX peareHToB, MHHHMafbHble 3aTpatbl
3Hepruy, BO3MOXHOCTL pa3zfeneHHs CMecH
peareHTOB MPaKTH4YeCKH moboro Cocrasa,
NpocToTa annaparypHoro ogopMaeHna H yBe-
aH4eHHe 3¢ ¢eKTHBHOCTH MeToga Mo  Mepe
pocTa KOHUEHTPALHH.

B KauyecTse HAMOCTPaLMi BO3MOMHOCTE

cnocoba NpHBegeHbl pe3ynbTaTbi 3KCepyUMeH-
TOB MO pasdeneHH0 HeKoTopbiX Haubonee
4acTo BCTPEYAIOLLHXCA CMeCceH.

BoccTaHoraeHHe

pereHepallHOHHbIX PacTBOpOB:
ajourctka HCl ot CaCly;
6)ourcTka NaOH ot NaCl.

PazgeneHHe npoaykrta

HCXOAHOroO BellecTRa:
a)pazgeaerue KNO3 n KCL.

MNepepaboTKa ranbBaHHYEeCKHX H APyrnx

CTOKOB:
a)pasaeaerne NiClp 1 CuCly;
6)paszaeaerre LiCl n HCI.

MepepaboTka NMPHPOAHBLIX PaccOlOB:
a)pasaeaneHue cmecH KCl n CaCly;
6)ounctka NaCl ot CaClg;

B)ouncTka KCl ot KBr.

B AOKaage npHBeaeHbl opHe-
HTHPOBO4HbIE NPOH3BOAHTENbHOCTH
annapatoB. YKa3aHo, 4TO aBTopbl ABAAIOTCA
obaagarenaMH yHnKkaabHoro 6GaHka AaHHbIX,
Ha OCHOBaHHH KOTODbIX MOXHO noabupartb
YCIOBHA pasdeneHns KOHKPeTHOH CMeCH.

CBOMCTB

CHHTE3a H

REAGENTLESS ELECTROLYTES MIXTURE
SOLUTIONS SEPARATION IN CONCENTRATED
WASTES PROCESSING.

N.B. Ferapontov, H.T. Trobov,

VI.I. Gorshkov,prof.,

L.R. FParbusina,Fh.D. N.L.
Strusovskaya,Fh.D., O.T.

Qavlina,Fh.D.

Moscow M.V. Lomonosov State University
Chemistry Department

The paper concerns a new method of
concentrated binary electroiytes solutions
separation. The method uses distinction
betweenn quantities of electrolytes and
solvent penetrated into ionite grains.
Separation proceeds by industrial ion-
exchange resins. The method's main
characteristic properties are the followings:

-auxiliary reactives expenditure absence;
-low energy consumption;
-possibility of any electrolytes
separation;

-the more concentrated is the electrolytes
solution the more effective is the

method;

-apparatus simplicity.

As examples of method's particularities
the results of the most frequently encoun-
tered mixtures separation are presented.

Recovering of regeneration solution com-
position:

a)HC! purification from CaCly;

byNaOH purification from NaCl.

Synthesis product and initial
separation:

a)KNO3 and KCl separation.

Sewages processing:

a)NiCl, and CuCly separation;

b)LiCl and HC! separation.

Nature brines processing:

a)KCl and CaCl, mixture separation;
b)NaCl purification from CaCly;
¢)KCl purification from KBr.
Approximate aparatus
are presented, oo,

mixture

substance

productivity

It is noticed, that authors are the owners
of unique data bank, which helps to select
the conditions for particular mixture separa-
tion.
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TEXHOOM'MA OBE3BPEKHBAHHA CTO4HBIX
BO4, COAEPKALIMX TOKCHYHBIE ®OCHO-
POPTAHNYECKHE

MPHUMECH.
L= e

H.H.LBetnrckuH, A C.IropberKso-repMaHos.
HHH XxHMHYECKHX CDE4CTB 3allHTbI PACTEHHH,
MockBa

fpn npoussoacTee ¢ochopopraHHyecKnx
ECTHLMAOB 00OpasyioTCA BbICOKOTOKCHYHbIE
CTOUYHble BOAbI, cogepaaie 4o 5% Macc.
dochopopraHnyecknx coedanHeHnn. OYHCTKa
MW YTHAH3AUWA TakuX CTOYHbIX BOA TMpea-
CTaBnAeT cepbe3Hble Npobnembl. OCHOBHBIMH
TOKCHYHBIMH NPUMECAMH B CTOYHBIX BOJax
ABAAIOTCA NOAYNPOAYKTbl M 1o0Go4yHble npo-
AYKTEl CO CTagWH NOayveHHA [eCTHUHAOB , a
TakKe npodyKTbl WX rHapoan3a. Tak , T1pH
NOAy4YeHHH MecTHUHAOB Kaacca AHanKkuaapHi-
THodocaros (rerepodoc, atadoc, Metadoc
W ap.) CTOUHble BOAbI COAepXKar MOHO- H M-
ankua  (tno) ¢ocdarbl, ankHaapHa  (THO)
docdarbl B BHAe CBOOOAHBIX KHCAOT MM
BOAOPACTBOPHMbIX CO/EH

[Ipouecc OYMCTKH CTOYHBIX BOA [1POH3BOA:
CTBa dochopopraHnHecKuX NecTULHAOB
BKMO4aeT CTagnn ocaxaenusa gocdopopradn-
YECKHX COeAnHeHHRM U3 CTOYHBIX BOA B BHe
ManopacTBOpHMbIX conen  xeneza (IlI) Hawm
KanbUMA € HMX OTAENEHHEM W CTaanio 3KCTPak-
{IHH M3 CTOYHBIX BOA HE OCAXKAAIUMXCA C
MeneoM WM KanbliMeM CoeauHeHHA. B kade-
CTBE 3IKCTPAreHTOB HCMONb3yloT OeH301 Han
HecMewrBawllMecs B BOAOA KeTOHbl. Qcax-
aeHne  docdopopraHHYecKHX .  CoeAHHEeHHH
NpoBOANTCA TIpH MOLHOM COOTHouleHnn Fe
Poguy, = 0.5-0.35, pH=2.5, Temneparype 200
C. CteneHb OYHCTKH CTOMHbIX BOA MO OpraHH-
yeckoMy docdopy cocraBadeT 93-97 %,

TECHNOLOGY OF DETOXICATION OF THE
WASTE WATERS
CONTAINING TOXIC ORGANOPHOSPGRUS
IMPURITIES

Tsvetinsky LY., Gorbenko-Germanov D.S.
Reseach Institute of the Flant Protection
Chemicals, Moscow

High toxic mineralized waste waters, con-
taining up to 5 % (by weight) organophos-
phorus compounds, are formed by the pro-
duction of organophosphrus pesticides. The
purification or utilisation such waste waters is
-a serious problem. Semiproducts and side-
products of their hydrolysis are main toxic
waste waters components. Thus, by the pro-
duction of dialkylarylphosphorothioate pesti-
cides (heterophos, ethaphos,methaphos ets.)
the waste waters contain mono- and dialkyl-
phosphates  (phosphorothioates),  alkylaryl-
phosphates (phosphorothioates) as acids or
water soluble salts.

The waste waters purification process by the
production of organophosphorus pesticides
includes the stages of the precipitation of
organophosphorus  compounds = of  low
solubility such as ferric or ca lcium saits
followed by their separation and that of the
extraction of unprecipitated compounds.
Bensene or insoluble ketones are used as
extragents. The precipitation of
organophosphorus compounds are carried out
with molar ratio Fet® to total phosphorus
0,5-0.55, pH=2.5, t=200C. The waste waters
purification degree for organic phosphorus is
93-97 %, '
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TEXHOOINA NMOMYYEANA ¢OPMAMHAA

BbICOKOH YMCTOTbIM3 CI0KHbBIX MO

COCTABY CTOYHbLIX BOA,COAEPKALLHX
MYPABBHHYIO KHCOTY.

H.H.lBethrckna, A C.MopbeHKo-lepMaHoOB.
HHH XHMHYECKHX CPEACTB 3aU{HTbI PACTEHHH,

MockBa.
Cro4yHble  BOABI, COAepallie MypaBbH-
Hyl0 KHCIOTY B HH3KOH KOHLIEHTpauuH (3-

15% MaccoBbiX ) noay4aioT B psge rpolec-
COB HedTeXMMHYRCKOH, (1IECOXHMHYECKOH Npo-
MBILLIEHHOCTH, OpraHH4eCKOM CHHTe3e: NpH
NpPOH3BOACTBE CHHTETHYECKHX MHUPHBIX
KUCAOT, NeCTHUMAOB, MOAyNpoaAyKTOB.

MpH MpoH3BOACTBE XAOPOPraHHMYeCKHX Be-
ieCTB OKHCAHTEbHBLIM X1OpHpOBaHneM ¢yp-
¢ypona B BOAHOH cpede Mocne BblaeneHHA
lleNeBbiX MNpOAyKTOB OOpPasyloTCA CTOYHbIE
BO/bl, CoAepKallue XIOpPHCTbIA BOAOPOA A0
20 % macc., XaopopraHnyeckne coedqrHHeHHA
10-12 % macc H MypaBbHHYIO KHCaOTy 7-13 %
macc. lepepaboTka CTO4YNBIX BOA, CoAepKa-
IIMX MypaBbHHYIO KHCAOTY C  [Oy4YeHHeM
¢opMamMHaa BKalo4aeT TPH CTadHH: 3TepHOH-
KalHio MypaBbHHOH KHC/IOTbl B COCTaBe CTOY-
HbIX BO/J MeTaHona ¢ pekTHdHWKauuen obpasy-
lolerocAa MetnndopmHaTa, aMMOHON3 MeTHA-
¢opmHara C noayyeHneM ¢opMaMHga U Meta
Hona, BblgeneHne c¢opMaMHaa rocae AUCTH-
AAUHK MeTaHoda C BO3BparoM MocaeqHero Ha
nepBylo craduio npouecca. MepepaboTka ocy-
HeCTBAACTCA N0  HEMNpPEpbLIBHOA  CXeMe.
KoHBepcHA MYpaBbHHOH KHCAOThl COCTaB(IAET
98.5%, metrnacdopmuara - 100%, Bbixoa ¢op-
MaMuia NpakTHYeCKH KO(IHYeCTBEHHbIN.
TexHONOTHA NO3BOAAET MOay4aTh BbICOKOMH-
cTbil dopMaMna C codepKaHHeM OCHOBHOrO
Bellectsa He HHKe 99.7%. I[lo paspa-
60TaHHOM TEXHOIOrMH MOXKHO Mody4arb W3
CTOYHBIX BOA APYrHe BbICOKOYMCTbIE NpOAY-
KTbl: MypaBbHHYIO KHCI0OTY, (OPMHAT HaTpHA
HaW MeTHAdOopMHaT.

flaHHaA TeXHOIOTHA TakXe MoxeT ObiTb

HCMOb30BaHa A0A nepepaboTKM  CTOYHbIX
BOA, COAEpMalluX Hu3luHMe  KapBoHOBbie
kncaotbl - Cp-C4g € MonydeHnem  CooTeer-
CTBYIOUIHX YHMCTBIX KHCAOT, HMX COMeH HaH
aMHaosB.

TECHNOLOGY OF HIGH PURITY FORMAMIDE
PREPARATION FROM COMPOSITE
WASTE WATERS CONTAINING FORMIC ACID

Tsvetinsky 1.Y., Gorbenko-Germanov D.S.
Reseach Institute of the Flants FProtecuon
Chemicals, Moscow

The waste waters with low concentration
of the formic acid (3-15% by weight) forming
in some processes of petrochemical and
timber industry, and organic synthesis such
as the production fat acids, pesticides and
their intermediates.

The production of the
compaunds by the oxidizing chlorination of
furfurol in the water gives waste waters,
containing hydrogen chloride ( up to 20 % by
weight), organochlorine compaunds (10-12 %
by weight) and formic acid (7-13 % by
weight). The treatment of the formic acid
containing waste waters to obtain formamide
uncludes three stages: esterification of the
formic acid in waste waters by methanol with
rectification of the obtaining methyl formate,
ammonolysis of the methyl formate to form
formamide and methanol, isolation of
formamide after the distillation of methanol
with recycling the latter to the first stage of
the process. The treatment is carried out by
the continuous process. The formic acid
conversion is 98.5 %, the methyl formate
one is 100 %, the formamide yield is
quantative.

This technology makes it possible to obtain
high purity formamide with its content more
than 99.7 % and also other high purity
products such as formic acid, sodium
formate or methyl formate.

organochlorine

This technology also can be used for the
treatment of waste waters containing lower
carbon acids C-Cy4 to give the corresponding
pure acids, their-salts or amides.
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TEXHHKA TEPMHYECKOI'O ONMPECHEHHA
BOAbl B CHCTEMAX BOAONOANOTOBKH H
MHKBHAALINH COMECOAEPKAIINX
[TPOMBILEHHBIX CTOKOB

Yepro3ybos BaagHMHp BopucosHY,
Kar/. TeXH.HAYK

lloabepesHbiti BaneHTHH (1a3apeBHY,
KaHA TeXH. HAYK

ToxMaHueB HHuKonari KOHCTAHTHHOBHM,
KaHA. TEXH.HAYK

CBepalHHXumMmaLy

TexHHKa TepMH4YeCKOro OrpecHeHHs Bo/abl
AOCTHIAa 3HAYHTENbHOro MNporpecca U UINPo-
KO mpHMeHAeTCH A4A NOay4deHHs MpecHOH BO-
[Ibl M3 MOPCKOH € LeIbl0 KOMMYHalbHOrO H
NpOMbILINeHHoro BogocHabXenna. B Poccuu
CpepaHHHxHMMalleM paszpaboTaHbl TPH TO-
KOnMneHHsa 3TOW TeXHHKH, TpeacTaBieHHble -

CTHANAUHOHHBIMH  OMNpeCHHTeNbHbIMH  yCTa-
HoBKkaMH  ([I0OY). ¥YCTaHOBKH  HOBeHLlIero,
TPeTLEND TOKOIEHHA OCHOBaHbl Ha MHOro-

CTyNeHYaToM BbINMapHBaHHH Bo/bl B MOPHU30H-
TaALHOTPYOHDbIX [A€HOYHbIX  arnnaparax-ucna-
pureaax (FTITA), B KOTOPbIX peamnsyeTca
NPHHLUHIT  OPOLIEHHUA TOPH3OHTAALHLIX TPYO-
HbIX TyYKOB HCXOAHOWM COMeHOW BOAOH H
BbillaDHBaHHA €€ B NeHke Ha HapyXHOH Mo-
BEPXHOCTH TPYO; rpelolliMit rnap KOHAeHCHPY-
eTca BHYTPH Tpy®. OCHOBHble NpeHMylllecTBa
A0V, obycaopaeHiivie 3THM NPHHLMANOM, CO-
CTOAT B BbICOKOH TelNI0BOH 3KOHOMHYHOCTH,
ManoM pacxode 3deKTPO3HEPrHH, KOMNaKTHO-
CTH YCTAHOBKH H MallOH MeTal10eMKOCTH.
AonoaHHTenbHOE MPEHMYLIeCTBO AAIOT CreuH-
anbHO paspaboTaHHble Oe3HaropHble OpoCH-
Tean, He TpebyiolllMe HarHeTaHHA BoAbl B
HUX HacoCaMH H TMO3BOAAIOLIHE KOMIIOHOBATh
HCNapHTeabHble CTYNEHH KacKkadoM B e/qrHbIA
annapar - MHOTOCTYNeH4YaTblfl HCMapHTEb.
PazpaboraH paag AQY c I'TTA - HcnapHTenaMn
Ha nNpoH3BoAHTENbHOCTH 10, 25, 50, 160,
350 n 700 Kyb6.M/4 aAucTHaaATa. Hx xapakTte-
PHCTHKH: BbIXoA AHCTHAAATAa Ha 1T 3aTpa-
YeHHoro napa 9-14 Kyb.M, pacxod 301eKTpo3-
HepriM Ha 1 Kyb6.M avcTHaaara 1,5-0,7 kBT,
MeTaanoeMKocTs 2,2-1,4 T Ha |1 KyO.M ua-
COBOH [POHU3BOANTENBHOCTH. MeToabl pacyeTa
OCHOBHbIX MpOLIECCOB: Tenaonepega4qH, yHoca
BAark M cernapauuH Napa, KOPPO3HH H OTO-
KeHHA HaKHMH (BKMOYasa 3aliMTy OT HHX) -
0O0CHOBaHbl 3KCNEPHUMEHTAIbHbIMH  HCCIe10-

SEA WATER THERMAL DESALINATION
IN THE SYSTEMS OF WATER PREPARATION
AND SALT CONTAINED EFFLUENTS

PROCESSING

Chernozubov Viadimir Borisovich, candi
date of technical

sclences; Podbereznyl Valentin
Lazarevich, candidate of

technical sclences; Tokmantsev Nikolal
Konstantinovich,

candidate of technical sciences
SverdNlichimmash

Techniques of thermal sea water desalina-
tion attained rather high progress and are
widely applied for fresh water preparation for
every day use and industrial water supply.

Three generations of such equipment are
developed in Russia by SverdNllchimmash.
They are represented by distillation desalting
plants (DDP). The plants of the modern, the
third generation are based on multistage sea
water evaporation In horisontal-tube thin-film
evaporators (HTFE), in which the principle of
sprinkling the tube bundles by initial sea
water and its evaporation in a film on the
tube outer surfaces is used; heating steam
condenses inside the tubes.

The main advantages of DDP, specified by
this principle, comprise high heat efficiency,
low energy consumption, plant compactness
and low metalcontent. Additional advantages
arise from specially developed nonpressur-
ized sprinklers that don't require water sup-
ply into them by pumps and allow evapora-
tion stages as a cascade into a single unit -
a multi-stage evaporator to be arranged. A
number of DDP HTFE are developed for the
outputs of 10, 25, 50, 160, 350 and 700
m3/h distillate. Their specifications are the
following: distillate output per 1 tonne of
steam consumed 9- 14 m3; electrical power
consumption per 1 m3 distillate 1.5- 0.7 KW-
7, metal content per 1 m3 of hourly output
22- 14t '

Calculation methods of the main proc-
esses of heat transfer, moisture entrainment
and steam separation, corrosion and scale
deposition (including protection from them)
are well-founded by experimental investiga-
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BaHHAMH H NoABepXKAeHbl  pesyabTrartamu
HCIbITAHHA TPOMBILLIEHHOrO 0BOPYAOBaHHA.

Hapagy ¢ ykazaHHOH TpagHLHOHHOH 06-
1acTblo npuMeHeHna (JOY BO3HHKAH Apyrye,
BecbMa MepcnekTybBHble. (JOY AadAloTca 2¢-
(peKTHBHOH TeXHHKOA o06eccoaHBaHHA BO/bI
AnA  TIOAMHTKH 3Hepro6qoKoB TeINIOBLIX H
ATOMHBIX 2eKTPOCTAHUHH: B OTIH4YHE OT
CTaHAapTHbIX HCIapvTened OHH paCCYHTaHbI
Ana paboTbl Ha CbIPOH HeyMAr4eHHOH BoAe H
cHabkeHbl COOCTBEHHOM CHCTEHOH 3allikTbl
OT OTAOMEHHA HaKHMNH; OHH He TpebyloT AaA
TEXHOMOTHYEeCKOro  rpolecca MOCTOAHHBIX
pacxoloB  KHCAOTbI, eqdoMH MW XaopHada
HaTpHa, B OTIHYHE OT HOHOOOMeHHoro obec-
COMBAHKA, e 9TH peareHTbl noTpebasioTea
B GoablIMX KoauyectBax H (OPMHPYIOT OC-
HOBHOH TMOTOK XHAKHX cOpocoB, 3arpas-
HAIOWHMX BOAOEMbl, B BHAe OTpaboTaHHbIX
pereHepallHOHHbIX pacTBOpoB. B To Ke Bpe-
mMa, OGnarogapA Manor TnNoOTPpeBHOHM YHCaeH-
HOCTH TrepcoHana H 3KOHOMHOMY 3Hepro-
notpebnerHrio 0OY XapaKTepH3ylOTCA [pH-
6a0u3nTenb HO TaKHMH iKe [IPHBEAeHHbIMH
3aTpataMH Ha obeccoaHBaHHe, YTO M COB-
peMeHHble YCTaHOBKH HOHHOro ofMeHa, -
ecrecTseHHo, 0e3 yyeTa nNpeAoTBpalLiEHHOro
3KonorH4eckoro yuwepba. lpuMepaMH 3¢ deK-
THBHOTO HCMOAbL30BaHHA (10OY aAasa noday4veHHs
obecconeHHOM TMOANMMTOMHOM BOAbl  MOTYT
COYXHTb MaHrbHUAAKCKHA 2HeProkoMOHHaT ¢
aTOMHbIM aHepro® aokom ¥ Tpema ToU,
(r.AkTay, KaszaxcraH), KpacHoBoackaa ToU
(TypKMeHHCTaH) U Apyrye.
~ O6uwMpHaa nNepcnekTHBHaA obaacTs npH-
MeHeHna OY - nepepaboTka 3acoaeHHbIX
MPOMBIIIAEHHBIX  CTOKOB  C  BO3Bpatom
obecconeHHOH BOAbI B TNpOH3BOACTBO. Pas-
paSoTaHHaA THIOBaA cXeMa TeXHOMOrH4YeCKOo#
(AMHHH TepPMHYECKOH nepepPabOTKH CTOKOB
BKalOYaeT ysen TnpeapapHTenbHon ob6paboTKH
CTOKOB, Aoy aas rayboKoro KOH-
UeHTPHpOBaHHA HX C  Bbigaven  obec-
COICHHOrO AHCTHAMATA H BaKyyM-BbINapHylO
KPHCTAH3AaUHOHHYIO  YCTAHOBRY Aad  Ie-
pepaboTKH MHAKHX COOeBblX KOH UEHTPaToB
nocne AOY Ha KpHUCTaIHYeCKHe code-
npodgykThl.  PeadbHOCTb  TaKMX  TEXHOI0-
rHYeCKHX (IHHHA 00YycaoBaeHa OMbITOM pabo-
T [JOY Ha BOdax paszaHyHOro cocTaBa H
YCTAHOBOK KpPHCTAH3alMH HUIEBOH noBa-
peHHOH COaAH H TexXHHYeCKoro cyabdaTta
HaTPHA.

TexHHKa TEPMHYECKOro OfIPeCcHeHHA BOAbl
AOCTHRIA 3HAJYMTeNbHOro Triporpecca H LUH-
POKO TMpHMeHaeTcA Aaf MNoayyveHHA TIPecHOH

tions and substantiated by test results of the
industrial equipment.

Alongside with the common field of DDP

application shown there appeared some
other promising ones.
Distillation desalting plants are also

efficient for sea water desalination used for
boiler make-up of thermal and nuclear power
stations: unlike normal evaporators they are
intended for operation with raw nonsoften
water and are equipped with their own
protection system from scale deposition; they
needn't constant supply of acid, alkali and
sodium chloride unlike ion exchange
desalination, where these chemical agents
are used in- great quantities and form the
main flow of effluents, contaminating water
basins, as spent reprocessing solutions.
Mangyshlak power combinat with a nuclear
power unit and three heat and electric power
plants (Aktau, Kazakhstan), Krasnovodskaja
heat and electric power plant and others are
the examples of DDP efficient use - for
desalted make-up water production.

A large and promising field of DDFP appli-
cation is processing of salted industrial efflu-
ents with the return of desalted water into

the process. The developed model flow
sheet of the process line for effluents
thermal treatment comprisses a unit of

effluents pretreatment,

DDP for their deep concentration and
distillate  production and a  vacuum
evaporation-crystallization unit for processing
of liquid salt concentrates after DDP and
crystalline salt concentrate production.

Feasibility of such process lines is due to
DDP operating experience with waters of dif-
ferent composition and at crystallization in-
stallations of common salt production and
commercial sodium sulphate.

Sea water thermal desalination attained
considerable progress in the production of
fresh water for every day and industrial water
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BOAB! H3 MOPCKOH C Lenbio KOMMYHANbHOTO H
MPOMbILIIEHHOTO BOAOCHaOMKEeHHA B CaMbIX
pasaMyHbIX Macwtabax: OT ManblX YCTaHOBOK
40 OMpecHHTedbHbIX  3aBOAOB, MHTAIOILMX
fonbliHe ropoga. Tpydabl peryaapHo Tipo-
BOAWMbBIX MeKAYHapOAHbIX CHMIMO3HYMOB H
KOHrpeccoB IO BonpocaM onpecHeHHAa H
MOBTOPHOrO  HCMOb30OBaHHA BOAbI, ApyrHe
MHOrOYHCAEHHble MyOaHMKaluMH — AO0CTaTOYHO
noApoBHO H TMOAHO OCBeW@AlT COCTOAHHE,
BO3MOXHOCTH M TMQKazaTedd 3TOA TEXHHKH,
H3baBIAA OT HeoOXOAH-OCTH MOBTOPATH 3TO
34eCh; AaHHblA A0OKaAad COAEPNKHT CBeAeHHA O
pabotax B 3ToH oOnactTH CBepANOBCKOro Ha-
Y4HO-HCCNeaoBaTeNbCKOTO  HHCTHTYT2  XMMH-
YeCKOro MalMHOCTPOEHHA, KOTOpbIM pa3pa-
6oTaHbl M peanM3oBaHbl, HadnHaa ¢ 60-x
roAoB, TPH TIOKOEHHA TeXHHKH TEepMH-
YeCcKOoro ornpecHeHHA, nNpe/AcTaBaeHHble AWC-
THAAAUMOHHBIMH  OMPECHHUTEeNbHbIMH  yCTa-
HoBKaMH ([10Y). Hambonee KpyrnHbiM: 06'eK-
TOM Ppeanu3alHnH 3THX pazpaboTok ABAAETCH
ONnpecHHUTeMbHbIA 3aBoA B I. AkTay (ObiBlieM
r.lllepdeHko, KasaxcTtaH), paboTalollMA Ha
TeNnAoBOH 3HepPrvuy OT aTOMHOMO peakTopa Ha
ObICTPbIX HEATpOHAaXx. _

[anbHedlllee H300KeHHe  OTHOCHTCA K
TpeTbeMy, HOBe#lleMy MokodeHHto AQY, o06-
fACTh TpHMeHeHHA KOToporo pacnpocTpa-
HAeTCA, HapAay ¢ TPaauLUHOHHBIM onpec-
HeHHeM MOPCKOM BOAbl, Ha noayveHHe obec-
COMeHHOH NOANMMTOMHOA BOAbl AnA TeraoBbIX
H aTOMHbIX 31eKTPOCTAaHUMH W Ha T[epe-
pabOTKY 3acOMeHHbIX [POMBILEHHbIX CTO-
KOB.

A0Y TpeTbero noKoaeHHud. OnpecHeHHe
MOPCKOH BOAbI.

DTH YCTAHOBRKH OCHOBaHbl Ha
CTyMeH4aTOM BbiNapHMBaHHH BOAbl B TOPH-
30HTanLHOTPYOHbBIX  [MMEHOYHbIX  annapartax-
HCcHapuTeasax, B KOTOPbIX peanvu3yeTca MPHH-
UHN OpOLUEeHHA TOPH3OHTANbHbIX TPYOHbIX
My4KOB HCXOAHOM CONEHOW BOAOW C  Bbi-
napMBaHHeM ee B TMeHKe, CTeKawolleH Mo
Hapy’HOH  [OBEPXHOCTH  TeNao0OMeHHbIX
Tpy6. OcoBeHHOCTH, BbITEKAOWHE H3 3TOro
MPpHHLHIA, COCTOAT B CAedylolleM:

- HHTeHCHpHUHpPYEeTCA Tenaonepejavya B
HcnapuTene 3a  cyeT  Gonee BbICOKOTO
KoaddHUHeHTa TenaooTdadH npH  KoHAek-
callMH napa BHYTPH TOPH3OHTaqbHbIX TPYO B
CpaBHEHHMH C KOHAeHCauuen Ha BepTHKanb-
HbIX H IOPH3OHTAbHbIX My4YKax;

HCKMOYATCA MOTepH  TeMllepaTypHoOro

MHOI'O-

supply in different scale:from small units up
to desalination plants, supllying large cities.

Proceedings of international meetings and
congresses on desalination and water reuse
conducted regularly and other numerous
publicatons represent rather thoroughly and
completely state of the art ofthis technique,
eliminating the necessity to repeat all this
here. The present report contains information
concerning the works of the Sverdlovsk sci-
entific research institute of chemical ma-
chine-building in this branch , which were
developed and realized since 60-th, i.e. three
generations of thermal desalination tech-
nique, represented by distillation desalting
plants (DDP).

The desaiination plant in Aktau (former
Shevchenko, Kazakhstan, operating on
thermal power of a fast breeder reactor) Is
the largest one of these developments. We
shail descibe further the third, the modern
generation of DDP, whose application en-
volves both the traditional sea water desali-
nation and the production of desalted make-
up water for thermal and nuclear power sta-
tions and processing of salted effluents.

DDP of the third generation. Sea water
desalination

These plants are based on multistage sea
water evaporation in horizontal-tube thin-fllm
evaporators, in which the principle of hori-
zontal tube bundles sprinkling by initial sea
water with Its evaporation in a film flowing
down an outer surface of heat exchange
tubes is realized; heating steam condenses
inside the tubes. The advantages of the
method are the following:

- heat transfer intencification in an evapo-
rator due to a higher heat transfer factor at
steam condensation inside horizontal tubes
as compared with condensation in vertical
and horizontal tube bundles;

- elimination of temperature pressure losses
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Hanopa OT TIHOPOCTATHYECKOH H  KHHe-
TH4eCKOR AelpecHH, BecbMa CyUWleCcTBeHHbie
ana  [1I0Y  ApyrHx THMNIOB, 4YTO TO3BOAAET
YBeNHUHTL UHCAO CTyreHed BbinapHBaHHA
Ha pacrioqoraemMbii nepenaa Temnepatyp;

- HCMapeHHe H MepBHYHOE pasfeneHHe
Bodbl U Mapa NMPOHCXO4AT HenocpeaCTBeHHO
B MeXTPYOHOM MPOCTpaHCTBE MNydka, TeM
CaMbIM HCKMIOMAeTCA HeobXOAHMOCTb B rpo-
MO3/KHX HCNapUTenbHbIX KaMepax, Xapak-
TepHbIX A48 TPAAHMUHOHHBLIX OMpPEeCHHTeNb-
HbIX YCTAHOBOK MIHOBEHHOIO BCKHMaHHA
(tnn Flash); :

- HCKao4daeTca HeobxoanmocTb B 6oablinx
LIUPKYAALUHOHHDBIX TOTOKAX MOPCKOH BOAbI
BHyTpH AOY.

B pesynbTrate AOCTHraloTca NpeHMylIecTna,
obycnapanBaiolliie KadecTBeHHO HOBbIA ypo-
BeHb [10Y ¢ I'TTIA - HcnapHTeaMH: BbICOKHH
BbiXO/4 AHCTHAAATA Ha 1 TH 3aTpaveHHoro
napa, MadablH pacxod 20€KTPO3HEprHH, KoM-
MakTHOCTb H [OHHZKEHHAA MeTall0eMKOCTD
obopyaoBaHHa.  [loNnoaHHTenbHoEe  Npermy-
LIECTBO JalOT CcheluManbHO paspaboTaHHble
6esHarnopHble OPOCHTENH TPYOHbLIX NYYKOB,
He TpebyloliHe HarHeTaHHA B HHX BOAbl
HacocaMH H {(I03BOAAIOWKME KOMIOHOBATb
HCNapHTeNbHblE CTYIEHH KacKadoMm aApyr Hag
ApyroM B eAWHbIA  annapart  MHOrocty-
neH4yaThil HCcnapHTedb {1}

XapakTepHCTHKa pa3spaboTaHHOrO pAaa H3
ulect AOY ¢ TTIA - HCnapHTensaMH, oxBa-
ThiBalOIIEro AHano30H NPOH3BOAHTENbHOCTEN
or 10 go 700 wKyb.m/u, gaHa B Tabauie
NMpUMeHHTenbHO K pafote N0 OKEaHCKOH
Bode NPH pacuveTHOH Temneparype ee 25
rpag C. KauecTsO nNpogykra (AHCTHANATA)
XapaKTepH3yeTCA 1A BCeX YyKasaHHbix [OY
conecogepXaHneM He Ooaee 20  mMr/n.
CHcrema 3allMTbl OT HaKHIIH OCHOBaHa Ha
AO3HPOBKE B MOPCKYIO BOY, MOCTYNalOULyo
Ha onpecHeHHe, aHTHHAKHITHHOB-TIOAHA(1EK-
TpoaHTOB THNa 3apybexsHoro ‘Bearapa-EV’
WK otedecTtBeHHoro MAd-13A.

YcraHoBKH  noTpebaAaloT  BOAAHOH  mnap
abcomoTibiM  gaBaeHnem 0,15-1,0 Mila w
30EeKTPOIHEPTHIO HanpaMmeHnem 380/220 B.

OCHOBHble TeXHHYeCKHe PpelleHHA, TexHo-
AOTHYeCKHE nNapamerTpbl, MeTOAHKH HHMKe-
HepHbIX pac4yeToB AaHHbix AOY o6ocHOBaHbI
pesyabTaTaMH  HccneqopaHHi € 3KCMepH-
MeHTaabHbIM MOAeAHPOBaHHEM TMPOTeKaloLLIHX
B HHX TpOUECCOB:  TenaooTdadH  npH
KOHAeHCaUHH [lapa BHYTPH TOPH3OHTabHbiIX
Tpy6 H NpPH Te4YeHHH BOAAHOH MAEHKH [0
HHM; apobaeHHA M YHOCa BaarH ¢ NapoM H

due to hydrostatic and kinetic depression
that are rather great for DDP of other types;
this allows the number of evaporation
stages per temperature drop given to be in-
creased; '

- evaporation and primary separation of
water and steam occur directly in intertube
space of a bundle, thereby eliminating the
necessity of huge evaporation chambers
characteristic of the traditional flash desalina-
tion plants (type Flash).

As a result the following advantages,
stipulating a qualitatively new level of DDP
HTFE are gained: high distillate output per 1
tonne of steam consumed: low electrical en-
erqy consumpsion, compactness and low
metal content of the equipment. Specially
developed pressureless sprinkiers of tube
bundles provide for an additional advantage.
They don't trequire pumping water into them
and allow to arrange evaporation stages as a
cascade, i.e. one over another in a single
unit - a multistage evaporator.

Specifications of DDP HTFE, consisting of
units for the output range from 10 to 700
m*3/h are given in Table as applied to the
operation  with ocean water at its
temperature of 25 C. Product quality
(distillate) is characterized by salt con- tent
not over 20 mg/l for all DDP mentioned.
Scale prevention system js based on
metering antiscale agents - polyelectroly tes -
of foreign type ‘Belgard-EV" or home -
13A into sea water. The plants consume
steam at a pressure of 0.15-1.0 MPa
abs. and electrical energy at a voltage of
380/220 V,

The main engineerig solutions, process
parameters, methods of engineering calcula-
tions for DDP given are substantiated by ex-
perimental results with the simulation of
processes occurring in them: heat transfer at
steam condensation inside horizontal tubes
and at water film flow along them; pulveriz-
ing and entrainment of moisture with steam
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cenapatH ero; oOTIOMEHHA HaKHIIH H €ro

peryqMpoBaHHA; KOPPO3HH H 3alllMTbl KOH-
CTPYKLIMOHHbIX MaTtepHaaoB. (2-5).
Ob6eccoaHBaHHe BoAbl A1A
MOAMHTKH KOTAOB.
NpHMeHeHHe A0Y ansa noay4yeHHsn
obeccoleHHOA  MOoANHMTOYMHOM  BoAbl  Ha
TeryIOBbIX, AaTOMHbIX  3(eKTPOCTaHUHAX H

MPOMbILI/IEHHDIX KOTe/lbHbIX NpHBAEKaTe/IbHO
no pagy obCcToATeNLCTS.

Bo-nepebix AOY moryr paborath, B
OT(H4HE OT CTaHaapTHbIX HcrapHuTenend, Ha
CbIpOF pevHOR (03epHOH) Boae, He Tpebya
npeaBa-HTEAbHOIO  HaTPHH-KaTMOHHPOBaHHA,
TaKk KaKk cHabkaloTca COOCTBeHHOM CHCTeMOH
3alUMTbl OT OTIOMEHHA LWIENOYHOH HAaKHIH.
DJTa CHCTeMa [MpH  yMepPeHHOHW LENOYHOCTH
BOAbl CBOAHTCA K /A03HPOBKE aHTHHAKHITMHa
B BeCbMa MarnblX KoHUeHTpauuax 1-5 mr/a, a
MPH BbHICOKOH WEAOUHOCTH - K co4YeraHHio
MOAKHCAEHHA BOAbl C AO3HPOBKOHM HaKHIHHA.

fanee, [JOY ne TpebyloT AaA TeXHO-
norudeckoro npouecca OGoabworo pacxoaa

peareHrTop B BHAE HKHCAOTHI, WEAOYH H
X(1opHaa HaTpHa, B OTanyve oOT Tpa-
AWLMOHHBIX CHCTEM - XHMHYeckoro obecco-

anBatua (H - OH - MOHHpOBaHHA), Ide 3TH
pedreHTsl B BHdge OTpaboTaHHbIX  pere-
HepaLHOHHbIX pacTBoponB (OPMHPYIOT OCHOB-
HYIO YacTh 3arPA3HAIOWHX BOAOEMbl CTOKOB.
HakoHel, 3HadHTenbHoe nNpeumylecrso 10OY
nepea xHMMoOecConuBaHHEM COCTOHT B TOM,
4yTO OHHM o00nagaloT AaHTenbHbiM  GeszocTa-
HOBOYHBIM LHUKIOM paboTbi B CTaUMOHapHOM
ABTOMATHUECKOM PeXXHME H MO3TOMYy TpebytoT
3HaUHTEeNbHO MEHblUer YHCAeHHOCTH 3Kcnaya-
TALHOHHOTO riepcoHana.

[lpHBeaeHHble 3aTpaThl Ha MPOH3BOACTBO
obecconeHHON BOAbI ¢ HCNoAbizoBaHHeM OV
COHM3MePHMBl € TaKoBbIMH 40A XHMHYeCKoro
obecconuBaHua, a B pAde caydaeB oKa-
3bIBAOTCA HHUMXKe, - 0e3 ydyera npeaoTsBpa-
illeHHOro 3Koaornyeckoro yuepba ot c6poca
oTpaboTaHHbIX PeareHToB.

AOY B cucremax nepepaboTkH
3aCONEeHHbIX CTOKOB.

3Ha4HTeabHbIe obbeMbl 3acoaeHHbIX
CTOMHBIX BOA XapakTepHbi AnA NpeanpHATHHA
TeN0BOH 2HEPTreTHKH, MeTaanyprHH, npous-
BOACTBA MHHEPANbHBIX YAOOpeHHH, NoaA3eM-
HOHM A0OLIMM CbipbA H TOMNAHBa. [lepepaboTka
TaKHX BOA C Leabio npejoTspalteHusa cbpoca

and its separation; scale deposition and its
requlation; corrosion and construction mate-
rial protection /2-5/.

Desalination of water for
boiler make-up

DDP application to produce desalted water
for boiler make-up at thermal, nuclear power
stations and commercial boilers is attractive
for some reasons.

First, DDP can operate on raw water, not
requiring pretreatment with sodium cations
unlike standart evaporators, as they are sup-
plied by their own protection system from
alkaliscale deposition. In case of moderate
water alkalinity this system involves antiscale
agent metering in rather low concentrations
of 1-5 mg/l and at high alkalinity - a combi-
nation of water acidification with antiscale
agent metering. :

Then DDP don't require large chemical
agent consumption for the process in the
form of acid, alkali and sodium chloride in
contrast to the traditional system of chemical
desalination ( H -OH -ionation), where these
agents as spent regeneration solutions com-
pose the main part of water basin contami-
nating effluents. Finally, a great advantage of
DDP before chemical desalination lies in the
fact, that they operate continuously for a
long tinie in automatic regime and therefore
require lower maintenance staff.

The results given
desalted water with

for the production of
the use of DDP are
commensurable with such for chemical de-
salination, and in a number of cases they
are lower if prevention of environmental det-
riment from spent reagents sewage isn't
taken into consideration

DDF in systems of salted effluents proc-
essing

Considerable amounts of salted effluents
arise at the enterprises of thermal power
production, metallurgy, mineral furtilizers,
underground mining of raw materials and
oil. Processing of such waters with the aim
of effluents prevention and water production
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H TMoaydeHHA BoAdbl A8 HNOBTOPHOIO HC-
Moab3oBaHHA BO3MOXKHA Ha COBpPeMeHHOM
3Tane (Wb C [MOMOLUBIO BbIMAPKH H oOnpec-
HeHHA, NpH4YeM BbiMlapka CoO343aeT MeHbille
npobaem. AOY - He 4YTO HHOe, Kak
BbiMapHble  YCTAHOBKH,  AOBedeHHble 40
BbICOKOH CTereHH COBeplUIeHCTBA [0 3KO-
HOMHH TMapa H 3(eKTPO3HEPrHH, Tenqo-
NMepedade, cenapalMH Mapa, 3alll¥Te OT
Hakvnd. Haea TexXHOAOTHYeCcKOH (IHHHH 1o
nepepaboOTKe CoaecodepKaliiXx CTOKOB COC-
TOHUT B TOM, YTOObl Ha BbICOKOIKOHOMHYHOH
AOY BbimapHTe 40 95% BOAbl, BEpHYB €€ B
BUde 006ecconeHHoOro AWHCTHAAATa B Mpo-
H3BOACTBO, @ Ha JaabHenwyl nepepaboTKy
HanpaBUTb OCTaBLIMACH Manbli obbeM KHA-
KHX CONEeBbIX KOHLEHTPaTOB.

Conepble COCTaBbl CTOYHBIX BOA pa3HO-
o6pasHbl, HO B GoablUIoOA Aode MpeacTaBaAloT
cobOH CHCTeMbl H3 cyabdata H XAopHaa
HaTpHUA CO 3HaAYHTEeNbHbIMH IMPHMECAMH HOHOB
KambLMAd H MarHva H OT4YacCTH TAMedblx Me-
TaANOB.

Tunopaa cxema nepepaboTKH TaKHX BO4,
H3obpaxkeHHaa Ha PpHC. 1, BKaYaeT ysed
npeagpapHTeqbHOR ob6pabotku  Bodbl  (YITO)
408 OCAMAEHHA KanbUWA, MarHiia W TAXeIblX
MeTanaoB B BHae KapOOHaTOB M THApPO-
OKCHTOB, [(OY aaAa rayboKoro KOHLEHT-
prpopaHHa obpaGoTaHHOH BOAbl H BaKyyM-
BbiflapHble KpPHCTadaH3alHOHHble YCTaHOBKH
(BBKY) aaa nepepaboTKH  KOHLIEHTpaToB
nocae AOY Ha KpHCTaaMHYyeckHe cyabgart
HaTpHA H XAOPHA HATPHA.

OTXoabl B BHAE MaTo4HHMKa C  He-
OTKPHCTAMIN30BAaHHLIMH NPHMECAMH 0&beMOM
B 200 - 500 pas MeHbllle nepBOHaYaabHbIX

CTOKOB noadaexar 3axXxOpOHeHHIO aun6o, no

BO3MOXKHOCTH, BO3BpaTy Ha Yy3en niped-
06paboTKH BOAbl. KpHCTANMHYeCKHH cyabgar
HaTpua TMOAAEKUT peanusalHMH Kak Tex-
HH4YeCKHH MNPOAYKT A1fA HCOOOb30BaHHA B
Heamono3Ho-0yMaxKHbIX H CTEKO(bHbIX TMPOH3-
BoACTBax. XaOpHA HaTpuaA T[oaydyaerca C
npHMecblo cynbdata HaTpHa A0 20% Macc H
MOXKeT HCronb30BaThCd  A4A  pereHepaumH
HaTPHA-KATHOHHTOBLIX (HALTPOB B CHCTEMaX
XHMBOAOMOANOTOBKH.

OcHoBHoe o6opydoBanre BBKY, Bbinap-
Hble anmnapaTbl-KpHUCTANH3ATOPbl C  [PHHY-
AATeNbHOH UMPKyAsLHen CYCNeH3HH, OTpa-

60TaHbl H OCBOEHbI B MHOrOeTHeH 3KCnaya-
TallHH B MNPOH3BO/ACTBaX [MHIUEBOH IOBa-
PeHHOH COMH M TexHH4YeCcKoro cyabngara
HaTpHA.

for reuse is possible at the present stage
with the help of evaporation and desalina-
tion, in so doing evaporation is less prob-
fematic. DDP is an evaporation plant highly
efficient from the point of view of steam and
electrical energy saving, heat transfer, steam
separation, scale formation prevention. The
idea of a technological line to process sait-
containing effluents consists in the fact, that
up to 95% of water are evaporated at an ef-
ficilent DDP, then desalted water is returned
back into the process and the rest low quan-
tity of liquid salt concentrates is sent for fur-
ther treament.

Salt compositions of effluents are differ-
ent, but most of them represent systems of
sodium sulphate and chloride with consider-
able amounts of calcium and magnezium
ions and partlyhard metals.

A standard flow sheet of this effluents
processing is given in figure. It compresis an
unit for water pretreatment (UWP) to precipi-
tate calcium, magnesium and hard metals as
carbonates ayd hydroxides, a DDP for deep
concentration of treated water and vacuum
evaporation crystallisers ( VEC) for concen-
trate processing after DDP with the produc-
tion of crustalline sodium sulphate and so-
dium chloride.

Residues in the form mother liquor with
noncrystalline impurilies in the amount of
200-500-fold as low as the initial effluents
are subject to disposal or, if possible, return
to the unit of water pretreatment. Crystalline
sodium sulphate may be used as a commer-
cial product for utilization in glass and cellu-
lose - pulp industry. Sodium chloride is ob-
tained with the admixture of sodium sul-
phate in the amount of up to 20 mass %
and can be used for reprocessing of sodium
- cation filters jn thc systems of chemical
water preparation.

The main equipment of VEC, vacuum
evaporation crystallizer, with forced suspen-
sion circulation are developed and mastered
during long-term operation in the production
of common salt and commercial sodium sul-
phate.
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TABIHUA. XapaxktepHcTHkH [1OY ¢ TIIA-ucnapureaami

Moka3zaTean MopAAKOBbIH HOMEp
2 ) 4 ) 6
MponspoanTenbHOCH NO 2 5 l 33 70
AUCTUAAATY, Mi/Y 5 0 60 0 0
Pacxo/ napa, T/ 2. 3. 1 23 45
0 1 1
Pacxoa MOPCKOH BOAbI, BKAKOYAA 1 2 5 12 19
OXaaxaalolyio, Mi/M 75 25 50 00 40
Pacxoa 3neKkTpoaHepruu Ha 1 Mi
AACTHANATA, KBT.Y 0. 1 1. 1.7 0.
7 5 6 5
Yueno cTyréeHer BbillapHBaHHA 1 1 1 16 16
3 6 6
[abapuTbl, M:
AanHa 7. I 2 31. 21
wHpHHa 65 5.0 7.0 0 .0
BblCOTa 7. 5. 5. 20. 26
15 0 0 0 .0
7. 7. I 28. 19
15 35 6.5 0 4
MertannoéMKocTh 0O0OpyAOBaHHA, T 4 8 2 75 10
6.5 0 30 () 00
3
]— RBKY BBRY
yino aoy Na2 S04 NaCl
2 f 5

PHCYHOK 1. Cxema nepepaboTkn 3acoaeHHbIX CTOKOB

|l - McXoaHble CTOKH,
2 - BbIBOA HepaCTBOPHMbIX LUAAMOB,
3 . gncTHnnAaT,

4 - KpHCTaNaH4eCKHH CyabgaT HaTpus,
S - KPHCTANIHYEeCKHH X10pHA HaTPHH,

6 - MATOYHHK.

924




TABLE. Specifications of DDP HNFE

Characteristic Plant number
1 2 3 4 5 6
Output of distillate m mi/h 1 2 5 1 3 7
0 5 0 60 30 00
Steam consumption t/h 0. 2. 3. 1 2 4
9 0 1 1 3 5
Sea water flow rate including 6 1 2 5 1 1
cooled, mi/h 0 75 25 50 | 200 | 940
Electric energy consumption per
1 mi distillate, KWh 1. 0. 1. 1. 1.1 -0,
0 7 5 6 7 5
Number of evaporation stages 1 1 1 1 | 1

Dimensions, m:

length 7. 7. | 21 3 2
width 0 65 | 5.0 | 7.0 | 1.0 1.0
helght 3. 7. 5, 5. 2 2

Equipment metal content, t 2 4 .8 2 7 1
1 6.3 0 | 30 30 | 000

R ' VEC VEC

UWP DDP Na2 sO4 Nl

FIGURE 1 A flow sheet for salted effluents processing
1 - initial effluents;

2 - discharge of nonsoluble slurries;

3 - distillate;

4 - crystalline sodium sulphate;

5 - crystal line sodium chloride:

6 - mother liquor.
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OYHAAMEHTA/BHBIE H
TEXHO(TOTHYECKHE ACIEKTbI OYHCTKH
CTO4YHBIX BOA MPOMBIIEHHBIX H
MHIEBBIX MPOH3BOACTBE UEOMHUTAMH

AAIBHEI'O BOCTOKA
[ R e e e

Ulankur H.11., 4aen-sopp. FAEH, npogec-
cop ABry

boprra H.H., K.1.0..0B® PocHHHBX
ABpamenko B.A., K.X.H., AnexuHa O.I H.X.
A8 FAH

Ulanxkura B.A., K.x.H, ABMA,

Mamosckaa H.H., K.x.H. JanbpbibBTY3

B Hactoawen pabote 0600uieHbl pesynbTa-
Tbl HCCaegOBaHHH, NMOCBAILEHHbIE aacopbUHH
HOHOB TsKedblX MeTanaos, OelKOB H KHPOB
H3 MOJeNbHbIX H peanbHblX CTOKOB [IPOH3-
BO/ICTB TPHPOAHLIMH M CHHTETHYECKHMH CO-
pbeHtamMn. B KadectBe copbeHTOB Oblan
Hcnoas3oBalbl TygoBble Mopoabt HyryeBcKoro
(flpnm.Kpa#n), TegsaMcKoro (['py3ua) mecTo-
pOKieHHH (CpedHee cogepXKaHHe KAHHOMTHI-
aoanTa 60% H 90% COOTBETCTBEHHO), LleoH-
Tbl CaA H NaX. HccaegopaHHe COpPOLIMH HO-
HOB TAXeablX MeTaanoB IMPOBOAHAH H3 MO-
AeabHbIX PacTBOPOB, MOAGOHPYIOLIHX CTOKH
raabBaHH4YeCKHX MPOH3BOACTB B CTATHYECKOM
H AYHHAMHYECKOM pekHMax. [loKaszaHo, 4yTo B
AUMHaAMHYeCKOM peHMe CeneKkTHBHOCTb COo-
pbunn ( M3 NPOMBIUIIEHHBIX CTOKOB) BOAO-
poAHOH H HaTpHeBOH ¢opMaMH ‘“yryeBCKOro
lleoqHTra BoO3pactaer B pagy Ni Cu Cd
Haubonee BbicoKoe 3HadeHHe AOE no voHam
Cd wn Cr nHabaogaerca [AdA  HaTPHEBOM
(pOpMbl  HyryeBCKOro ueoaHTa. IOTH JaHHble
NMO3BOAAAH peKOMeHAOBaTh ero AnAd OYHCTKH
MPOMbIBHBIX BO4 TradbBaHH4YeCKHX BaHH C
codepxaHHeM 3THX HOHOB  OAHM3KHX K
3HavennaM TR ana NMHTbeBOHR BO/bl.

BblrMogHeHHble paHee HccaedoBaHHA (10
copbumn HeaKkoB LeONHTaMH HMEIOT
AOBONbHO NPOTHBOPEYMBbLIA  Xapakrep., B
paborte 0OCyXKaalOTCA aAaHHble MO agcopOUHH
6enka W KHPa H3 MO/eabHbIX PacTBOPOB H
CTOYHbIX  BoA  pblborepepabaTbiBaloliero
KoMbuHata. Hccaegopanne copbiivn Oefka,

FUNDAMENTAL AND TECHNOLOGICAL AS-
PECTS OF PROCESSING AND FOOD MANU-
FACTURE WASTE WATERS PURIFICATION BY

FAR EASTERN ZEOLITES.

Shapkin Nicolai Faviovich Corresponding
member RANS,Doctor of Chemistry,Professor
Bortin Nicolai Nicolaevich Doctor of Tech-
nical Sciences Director of Far Eastern Branch
of Russian

Avramenko Valentin Alexandrovich Head

of laboratory Chemistry Research Institute
Alyokhina Olga Georgievna Junior scientist
Chemistry Research Institute6y

Zhamskaya Nelly Nicolaevna Doctor of
Chemical Sclences, Frofessor

Shapkina Valeria Yakovievna Doctor of
Chemical Sciences

Malyshev Alexander Alexandrovich Interna-
tional dreen Cross Fublic Association

This article presents a summary of investi-
gations regard adsorption of heavy metals,
proteins and oils ions from model apd real
processing waste waters by natural and syn-
thetic sorbents. Tuf rocks of Chuguevskiy
(Primorie) , Qedzamskiy (Georgia) deposits
(average content of clinoptilolite is 60% and
90% respectively ), zeolites CaA and HNaX
were selected as sorbents. The sorption of
heavy metals ions was studied in pattern so-
lutions, modeling electro-plating manufacture
waste waters in static and dynamic modes. It
was noted that in dynamic mode the
sorption selectivity by hydrogen and sodium
forms of Chuguevskiy zeolite increases in
series Ni 2+ <Cu2+ <Crd+ <Cd2+ The
highest dynamic exchange capacity value of
ions Cd and Cr was noted for sodium form
of Chuguevskiy zeolite. This fact permitted to
recommend it for purifying waste waters of
electroplating baths, where these ions
content is close to value of con-centration
tolerance limit for drinkable water.

Farly investigations on sorption of
proteins by zeolites have quite contradictory
character.

This article contains data on proteins and
oil adsorption in pattern solutions and waste
waters of fish-processing factory. The
research of protein and ox serum atbumin
sorption, using a number of natural and
synthetic zeolites, has shown that samples of
microcrystallinic  zeolites have ex-treme
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OBe4ybero CbiBopoToqHOro anbbymuHa (BCA)

Ha pAge TNPHPOAHBIX H  CHHTETHYECKHX
LEOaHTOB nokasano, 41O o6pasupl
MHKPOKPHCTAIMYECKHX  LIEOHTOB  HMMEIOT

pPe3Ko 3KCTpeManbHylo 3aBHCHMOCTb CopbLuH
or pH pacTtBopa, NpH 3TOM H3MeHeHHe
BeH4YHH  copbuvMH OT  MaKkcuMyma [0
MHHHUMYMa MPOHCXOAWMT B HHTepBane oT 1.5
Ao 2.5 pH. Makcumym copbupn Aaa 1leo-
(HTOB “yryeBCKOro MeCTOPOMKAeHHA OTHOCH-
TebHO CHAHKarens, MaKpOMOPHCTOroO Ccrekaa
cMellleH B KHCaylo ob4acTb no cpaBHeHHIO C
pH BCA, 4ro cBasaHO Ha Hall B3raa4 C Bbl-
COKOM KPHCTANHYHOCTBIO MOBEPXHOCTH HLeo-
auta. CregyeT OTMETHTL, YTO TMPHpOAa KpH-
CTAIMYHOCTH HCKYCCTBEHHBIX UeoAHTOB, a
TakKe OpHpoda obmeHHoro HoHa (Ca Hau
Na) He OKasbIBalOT CYLECTBEHHOrO BAHAHHA
Ha copbumio 6Genka. Copbuna 6eaka M3
MoAeabHbIX pacTBOPOB CTOKOB Ha
MPHPOAHbIX UeoanTax cnabo 3aBHUCHT OT pH,
IpH 3TOM CYleCTByeT KOHLEHTPaUHOHHbIA
npegen,  Bbllle  KOTOpOro  MPOHCXOAHT
gecopburs Genka B CTaTUCTHYECKOM peXXHUMe,
B anHaMudeckoM  peXHMe  OfiTHMadabHasA
KOoHUeHTpauua papHAdace 1.1 Mr/Ma, npwH

3TOM COPGHHH GelKa TeM MeHbille, YeM Bbllle

COOTHOLLEHHE KOHUeHTpauua Oenka - Macca
LeOnHTa. HcenegoBanbl 3aBHCHMOCTH
copbuny pbibbero KHpa OT KOHUeHTpalHH,
creneHHM TMoModa eodaura W BpeMeHH
npouecca copbuMH B CTaTH4YeCKOM H
AHMHaMH4YeckoM pexumax. C  yBedH4eHHeM
KOHLIEHTPaLUKMH KHpa, BeadyHHa CcopOuHH
BO3PAaCTaET. B  avHaMH4ecKOM — pexHMe
CylUECTBYET npeaeqnbHas KOHUEeHTpaluA,
Bblllle KOTOpPOW BenarvrHa cOpOUHH He 3aBH-
CHT OT KOHUeHTpalHH. Ha Oaze nodaydyeHHbIX
AaHHbIX chHoOpMyMMpOBaHbl HaripaBaeHHsa
MPakTHYECKOTO  HCMONb30BAHMA  LIEOTHTOB
flanbHero BocToKa.

lprMeHeHHe NPHUPOAHbLIX COPOHEHTOB Kak
GHALTPYIOILMX  MaTepHaNoOB NP OMHCTKe
CTOMHbIX BOA MPOMbILWAEHHbIX H MHIIEBLIX
NPOH3BOACTB AOCTATOYHO WHPOKO HCMOMb3Y-
eTcAd B MpakTuke. [IpUpodHblE "'UEONHTbl AB-
AAIOTCA KaTHOHOOOMeHHHKaMH, rnpHyeM B 06-
MeHe TriaBHbiM ©OOpa3zoM, ydacTByeT OAHO- H
ARyXBafaeHTHble MeTana /1/. OaHako. H3Be-
CTHO, YTO LEOanTbl 06aadaloT TaKKe BbICo-
KOH €eMKOCTbIO [0 OTHOLUIeHHIO K HOHaM
TpeXBaleHTHbIX MeTaanos /2/,

B Hacrosuwen pabore 6blna HCcaeqoBaHa
copbuma wuoHos (Ul), Hukens ([1), xpomMa
(U,1Y) n Kagmua (1) B craTHyecKoOM H AHHa-
MHYeCKOM pexunmax. (af H3ydeHHsa copOuu-

dependence of sorption upon pH solution,
with sorption value variability from max to

min occuring within interval 1.5-2.5 pH.
Zeolites of Chuguevskiy deposit provide
maximum  sorption regard sllica gel,
macroporous glass in acid medla,n

comparison with pH of ox serum albumin,
which can be explained, to our opinion,by
high crystallinity of zeolite surface.lt must be
noted that crystallinity nature of artificial
zeolites as well as nature of exchanged ion (
Ca or Na) don't. have important implication
for the sorption of protein. The protein
sorption in model waste wa- ters solutions
using natural zeolites, weakly depends on
pH, meanwhile there Is a concentration limit
beyond which the desorption of protein
occurs in static mode. In dynamic mode the
optimum concentration equalled to 1.1
mg/ml, meanwhile the sorption of protein is
as less as  higher Is the correla
tion:concentration of protein / mass of zeo-
lite. Investigations were held concerning cod-
liver oil sorption dependence upon
concentration, zeolite grinding degree and
period of sorption process in static and
dynamic modes. With the increase of oll
concentration, sorption value increases ‘as
well. In dynamic mode there is a
concentration limit beyond .which sorption.
value doesnt depend on concentration. On
the basis of attained data, the practical
application of Far Eastern zeolites was
outlined.

The natural sorbents are widely used as
filtering material for purifying waste waters of
industrial and food enterprises. Natural zeo-
lites are cation exchangers, noting that
mainly univalent and bivalent metals take
part in exchange process (l). However It Is
well known that zeolites also possess high
capacity in relation to ions of trivalent
metals (2).

This article contains research on sorption
of ions of iron (I}, nickel (il),chromuim
(IIL,IV) and cadmium (II) in static and dy-
namic modes. To study sorption characteris-
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OHHBIX XapaKTePHCTHK ObIIM HCMOAb30OBaHbI
copbeHTbl, MoMy4eHHble Ha OCHOBE MNpHPOA-
HOro UeoanuTa ‘lyryeBcKoro MecTOpoKAeHHA:
(a), ob6paboTaHHbIA 10% COAAHOR KHCAOTOH
B TedeHne 1 4aca (1), 6) ¢ saKkpenaeHHbiMn -
AHKeToHOBbIMH rpyrmamn (1), B) HCXOAHBLIA
neoaut ().

tics, selected were sorbents got out of natu-
ral zeolite of Chuguevskly deposit:(a) treated
by 10% hydrochloric acid during 1 hour
(1).(b) with attached b -diketone groups (II),(c)
Initial zeolite (III).

Tabauua 1. AgcopbalMa HOHOB HHKenda Ha Ueoautax 1, T, Ul B 3apHcumoc ot pH

pacTBopa B CTaTH4€CKOM peEXXHME.

CopbenT ¢ Mr/r pH=5.3 c mr/r pH=9.5
1 0.025 0.12
n 0.010 0.11
u ' 0.10 0.11
TABLE 1 The adsorption of nickel ions on zeolites LILII depending on pH solution in static
mode.
Sorbent C mg/g pH=5.3 C mﬂpH-Q.S
I 0.025 0.12
11 0.0l0 0.11
I 0.10 0.11

YMeHbiueHne pH NpHUBOAHT K 3HAYHTENb-
HOMY CHHMKeHMIO BeanuuH copbumn (tabn.l)
B cay4yae BOAOPOAHOM H -AHKETOHOBOH (opM,
B TO BpeMA KaK AaA MNpHPOAHOro LeoauTa
BiiHAHWe PpH HesHadyHMTenbHo. ITO nNpexae
BCEro CBA3AHO CO CMelleHHeM paBHOBECHS B
CTOPOHY MONeKyIApHon ¢opMbl copbeHra
NpH YyBeAH4YeHHH H KOHLIEHTPaUHMH HOHOB
BOAOpOJa. _

Hccaeqosann copbuHio HOHOB XpoMma (+3) |-

H KagMua (+2) B AWHaMHYeCcKHX H CTaTH4ec-
KHX YCAOBHAX.

150

100

0 50 200 250

Decrease of pH leads to considerable de-
crease of sorption value (Table 1) in case of
hydrogen and b -diketone forms, while In
case of natural zeolite the impact of pH is
not significant. It is connected first of all
with balance shift towards molecular form of
sorbent-with increase of hydrogen lons con-
centration.

Concerning the sorption of chromium (+3)
and cadmium (2+) ions in dynamic and
static conditions:

PHC 1. H3orepMml copbuuyM HOHOB
XpoMa +3 a) Ha NpPHPOJHOM UEOHTE,
6) Tor e obpaboraHHbii 5% NaOH B
TeYyeHHH 4Yaca H B) KagMHA (+2)

Ha MpHPOAHOM LEOAHTE B CTaTH4eC-
KOM pexHMe B HHTepBane KOHLEHTpa-
UHH oT 50 go 600 mr/a npH pH=6.0.
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lNoaydeHHble daHHble (pHC.l) CBHaeTeNb-
CTBYIOT 0 Oonee BbICOKOM CPOACTBE LeodanTa
YyryeBCKOTO MeCcTOPOM/AeHHA K HOHaM Kag-
Mui, 4YeM XpoMa, YTO COornacyeTca C aMTepa-
TYPHBIMH daHHbIMH /3/. OgHako, B o6aacTH
HH3KHX KOHUEHTpaLMHA OTCYTCTBYeT CeneKTHB-
HOCTh no OTHOLUEHHIO K KaaMHIO.
MakcumanpHoe COE (cTaThuecKkasi oOMeHHaA
obnactb) no xpomy () agoctvraer 1.5 mr/a. .

[Ipn HccaegoBaHuH COpOUMH HOHOB XpoMa
(Ul) B anHamnyeckoM pexume (pHc.2) Habaio-
AaeTcA TPHBHaNbHaAf 3aKOHOMEpPHOCTb, C YBe-
N4EeHHEM coaepXaHHA KAHHONTHNAOMNTA B
obpasue ypenqnuHBaeTCAl BpeMAa NPOCKOKA HO-
Ha Xxpoma. '

400
350 L
300 L
250 4
200 4
150 4
200 |

50 L

FIGURE 1.
+3

ions sorption

a)on natural zeolite

b)the same but treated by 5% NaOH

during 1 hour

c)cadmium(+2) on natural zeolite in
static mode with concentrations interval
from 50 to 600 mg/l with

pH=6.0

Isotherms of chromium

The obtained data (fig.1) justifies about
the higher affinity of Chuguevskiy zeolite to
cadmium ions than to chromium ones,this
fact coincides with reference data
/3/.However low concentrations have no se-
lectivity regard cadmium. Maximum static ex-
change capacity regard chromium (III)
reaches 1.5 mg/l.

While studying chromium (III) ions
sorption in dynamic mode (fig.2),we can
observe trivial regularity-with increase of
clinoptilolite content in the sample,increases
the period of chromium ions retention

volume.

PAC.2. Hsorepmbl copbumH HOHOB
Xpoma (Ill) a) Ha MPHPOAHOM LIEOAHTE C
cogepmaHHeM KaHHoNTHAOAHTa 46%, 6)
obpaboraHHbIl 5% NaOH B TedeHuH
Yaca H B) Ha T[NPHPOAHOM UEOaHTe,
cogepxaliMm 60% KAHHONTHANOANTA, B
[AHHAMHYECKOM peXHMe TpH  HCXOAHOA
KOHLleHTpatlii 330 mr/a H pH=6.0.
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Copbuna cMecH xpoMa (Il H Y1), KagMHAa,
XKenesa B pacTBOpax MNPOMBbIBHbIX BOA ralb-
BaHHYeCKOro liexa (CyMMapHad KOHLeHTpauus
30 mr/n) B AMHAMH4YeCKOM peXHMe Ha LieoaH-
Te 1 (raba.l) coctaBasder 0.035 Mr/a H orse-
YyaeT, MO-BMAHMOMY, COAepKaHHIO HOHOB XpoO-
mMa ULTpn 3ToM cofepXaHHe HOHOB KagMHA
M Keneza NpH KOHUeHTpauuax 0.02 W 0.05
Mr/1 COOTBETCTBEHHO MPaKTHYECKH He MeHsA-
erca. [loaydeHHble AaHHble MO3BOAAIOT Ofipe-
[lIeIHTb KOHLEHTpaLuHOHHbIe IpaHHLpbl, 3a npe-
fieflaMH KOTOPbIX HCIOAb30BaHHE TPHPOAHDIX
LEeOIHTOB HeuenecoobpasHO, O4HAKO BO3-
MOZKHO MPpH pa3denbHOH OYHCTKE CTOKOB.

3a nocaegHHe AeCATb €T 3HAYHUTENbHO
BO3POC HHTEpec K CopOUMH OGeqsoB H aHMH-
,/IOB Ha pasaHuyHbiX LeoauTax /4,5/ N Kak
caeACTBHE BbIPOCAO TNPUMEHEHHE MPHPOAHbIX
UE€OOHTOB MPH OYMHCTKE CTOYHbIX BOA MHLle-
BbIX H OGMOXMMHYECKHX NpeanpHATHH /6,7/.

HcnoabaoBaHHe  HEOAHTOCOAEpKALNX No-
pod AaA 3X Uened BO MHOIOM ¢/epXKHBa-
eTcA 3HaJYUTEeNbHO MEHbLIEH, MO CPaBHEHHIO C
FMHHHCTBIMH MHHepanamH, COPOLIMOHHOR eM-
KOCTbIO.

BbiMonHeHHble paHee HCCAeA0BaHUA 11O
copbUHH 6enKoB LICOMHTAMH HMEIOT [POTHBO-
peurBblit xapaktep /4-6/.

ATO0 CBA3aHO Ha Halll B3r#Hg C TeM, 4TO
HccnedoBateqd  He  yaeanaH — AoMKHoOro
BHHMAHHA H3yveHHI0 BAIHWAHHA BTOPHYHOH
NOPHCTOH  CTPYKTYPBI  LIEOAHUTOCOAEpPKALUHX
nopoa Ha cop6urio Geaka. B Hauwed paborte
B Ka4yecTBe OOBEKTOB HccneaoBaHHA Obiau
BbIGpaHbl MpHpoAHbIE LEeoanTbt “yryeBcKoro,
leAseMCKoOro MecTopoaeHHH, CHHTETHYECKHEe
LeOaHTbl H MHKPOKPHCTanHYyeckHe obpasubl
CHHTETHYECKHX 1I€O(IHTOB.
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FIGURE 2. Isotherms of chromium
ions

sorption(lil)

ajon natural zeolite with clinoptilolite
contenet of 46%

b)treated by 5% NaOH during 1 hour

con natural zeolite with 60%
clinoptilolite

content in dynamic mode with initial

concentration 330 mg/l and pH=6.0

The sorption of chromium (Il and V),
cadmium and iron mixture in solutions of
rinsing waters of electroplating factory (total
concentration-30 mg/l) in dynamic mode on
zeollte I (Table 1) makes up 0.035 mg/l,and
evidently corresponds to the content of
chromium ijons (Il). Here the content of
cadmium and iron ions with concentrations
0.02 and 0.05 mg/l respectively in fact
doesn't change. The obtained data permit to
determine concentration limits, beyond which
the usage of natural zeolites is not reason-
able but remains possible in case of
separate waste waters purification.

During the last decade greater interest has
been attracted to sorption of proteins and
oils on different zeolites /4,5/,and thus natu-
ral zeolites usage has increased for purifying
waste waters of food and biochemical enter-
prises /6,7/.

The usage of zeolite-bearing rocks for this
purpose is restricted by less, in comparison
with clay minerals,sorption capacity.

Early investigations on protein sorption by
zeolites have contradictory character /4-6/.
To our opinion, it is connected with the fact
that investigators have not paid due attention
to impact of secondary porous structure of
zeolite-bearing rocks on protein sorption. For

our research we have selected natural
zeolites of Chuguevskiy and Gedzemskiy
deposits, synthetic zeolites and
microcrystallinic  samples  of  synthetic



Ha pHc.3 nokasaHbl 3aBHCHMOCTH COPOLHH
6eaKoBoro CchiBOpoTOYHOro aabbymura (BCA)
oT pH AnA BbillleriepeYHCaeHHbIX 06pa3LoB.

18 . 25

16 4

20 4
14 L .
12 ]
15 1
10 4% ’
el
104

zeolites.

Fig.3 shows the dependence of oX serum
albumin .on pH for above-mentioned
samples.

PHC.3. 3aBHMCHMOCTL
aacopbumn BCA or PpH
pactBopa Ha  CHHTeTH-
YeCKOM LieoanTe Hes
cpasylolero a) CaA

6NaX: Ha  CHHTETH-
YeCKHX LieoanTax co
cpasyioummy B) CaA, )
Nax. ‘

18 25

16 4

14 20 ]

3aBHcHMOCTh copbumn BCA ot pH pactso-
pa Ha oOpasuax (pHC.3) MoKasaaH, YTO HC-
cneqyemble  06pasibl  MHKPOKPHCTaNHUYECKHX
UEOAHTOB HMElOT Pe3KO 3KCTPEMAfbHYIO 3aBH-
cHMocTs copbumn ot pH  pactBopa
(n3MeHeHHe BenHuHHbI COPOLMH OT MaKCH-
MyMa 40 MHHHMYMa [POHCXOAHT B HHTepBane
or 1.5 go 2.5 pH). llpn4eM MaKkCHMyM CO-
pOUMH NO CpaBHEHHIO C TPAAHLUHOHHbLIMH CO-
pbeHTaMM (TaKMMH KaKk CHOMKareab, Maxkpo-
NOpHCTbIEe CTeKna) cMellieH B KHcaylo ofaacTs
no cpaBHenunio ¢ pH BCA. Hanbonee sepoar-
HbiM OObACHEHHEM 3THM AaHHbIM MOXeT Cay-
XUTb TOT (PaKT, 4YTO Cpeau pacnpocTpaHeH-
HbIX COp6EHTOB - UEOAMTbl MMEIOT CTPYKTYpbl
¢ HaubonbileH KPHCTaMMH4YHOCTLIO NMOBEpXHO-
¢ /8/. [leACTBHTeNbHO, BbICOKasA KpHCTal-
AHYHOCTD TMO3BOAAET OCYILECTBAATLCA [epe-
3apAgKke MOBEPXHOCTH B y3KOoM WHTepBane pH
H, Kak CcAeACTBHE, CHALHO H3 MEHATb CO-

12} '
15 )
104 .
8.l
| \
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FIGURE 3.0x serum al-
burnin adsorption depe-

ndence on pH solition
on ‘

synthetic zeolite without

binder: a)CaA, b)NaX:

on synthetic zeolites
with

binder: c)CaA, d)NaX

The figure shows that samples of mi-
crocrystallinic  zeolites have sorption ex-
tremely dependent on pH solution ( the
sorption value varies from max to min within
interval 1.5-2.5 pH). Note that sorption max
value in comparison with traditional sorbents
(as silica gel. macro-porous glass) is shifted
to acid media (comparing with pH ox serum
albumin).The most probable explanation of
these data Is the fact that among wide-
spread sorbents zeolites possess structures

with the highest crystallinity of surface
/8/.Indeed high crystallinity permits
recharching of the surface within short

Interval of pH, and thus changing the
sorption of charged protein globules.It
should be also noted that concrete crystal-
linic structure of zeolites (CaA and NaX) as
well as nature of exchanged ion (Ca and Na)
are not significant for protein sorp-
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pbunio  3apaAMeHHbix OedxoBbiXx  raobyn.
Caeqyer TaKkXke OTMETHTb, UTO KOHKpeTHas
KPHCTaNIM4ecKas CTPyKTypa UeoauToB (CaA H
NaX), a Takke npHpoga obMeHHoro HoHa (Ca
H Na) He HmeloT CylleCTBEHHONO 3HaYeHH:A
ana copbunn Genka. PaccMaTpHBaa copOLHIO
Geqka HA Tex Ke  paHyAHPOBaHHbIX
LleOdHTax CO CBA3YIOLHM (pPHC.3 B,I) MOMKHO
BHAETD, 41O HMeloTCA cyllecTBeHHbie
pasaHyua B XxapaKTepe copObuuH. TaK, ecan
Ha rpaHyqHpOBaHHOM LeonuTe CaA
copbLHOHHOe noBedeHHe BCA 6ausko K
MHKPOKPHUCTANHYECKOMY LIEOAHTY, TO Aad
rpaHyaHposaHHOMo NaX HabmogaeTcA
3Ha4yHTenbHaa copbuHA B WENoYHOA obaacTy.
3aech caedyerT OTMETHTb, YTO CRA3yOUEee B
obpasue CaA npeactaBageT cobBOH HHUCTHIA
KaoAHH, B TO BpeMa Kak B obpasue NaX
cBAsylolllee COAEPHKHT 3HAYHTEAbHYIO MPHMECH
Keaesa U ApPYrHx nepexodAlldx 31eMeHTOB.

Bbina u3y4eHa obpatvMocTbh copbunH bea-
Ka C MOBepPXHOCTH LEOAHTOB MMPH pasaH4HbIX
ycnopHax sHadyeHua BCA. [aHHble npHBeaeHbl
B Tabauue 2.

tion.Considering sorption on the same granu-
lated zeolites with binder ( fig.3, ¢ ), d ) )
we can see considerable differences in sorp-
tion behaviour.

While sorption behaviour ( ox serum
albumin ) on granulated zeolite CaA is
approximately the same of that on microcrys-
tallinic zeolite, the sorption on granulated
NaX is considerable in alkaline media.lt
should be noted. that in sample CaA, the
binder is a pure kaolin, while In sample NaX
the binder contains considerable Impurities
of iron and other transition elements.

Investigations involved the study of re-
versibility of protein sorption from zeolite
surface under different conditions of ox
serum albumin value.

Tabanua 2. fecopbauua BCA (B %) O NOBEPXHOCTH Pa3IHYHbLIX THIOB LIEOIHTOB.

Ycanoeusa gecopbalHH CaA NaX YyryeBCKHH LIEOAHT
KucaotHaa aecopba- 31.4 17.6 4.79

UHa (pH=2.4)

llleao4Han 73.2 73.2 67.0.

aecopbauns :

Pacrsop A44C 72.7 67.7 100.0

(pH=7.0)

TABLE 2.Desorption of ox serum albumin (%) from surface of different types of zeolites.

Conditions of CaA NaX Chuguevskiy zeolite
desorption
Acid desorption 31.4 17.6 4.79
(pH=2.4)
Alcaline desorption 75.2 73.2 67.0
Solutio of dodecy- 72.7 67.7 100.0
Isulphate (pH=7.0)

CoraacHo NOAyvMeHHbIM [aHHbIM TPH KHC-
(I0THOA 06paboTKe MOBEpPXHOCTH, aAecopbuusa
yMeHblllaeTcd C YBeqH4YeHHeM CoAepKaHHsA
npHMeceH B LIEONHUTE, KOTOpble YAepXKHBAIOT

According to data obtained from acid
treatment of surface,desorption decreases
with increase of impurities content in zeolite,
which retains the part of protein. With alka-
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vacts Genka. B NpHCYTCTBHH LIEAOYH Aecop-
61HA NpaKkTHYeCKH He MeHAEeTCH.
Hanbonbiuaa obpatiMocTh Habnogaerca B
npucyreteHd JAC , KOTOpbIA fABAAETCA [O-
BEPXHOCTHOAKTHBHBIM BELUECTBOM, BbITeCHH-
owHM BCA € NMOBepXHOCTH LieoaHTa.

Ha copbuuio BCA Bauaer pasMep 3epHa
LEeoanMTa U CKOPOCThL MOTOKa, HaHbonee ApPKO
BblpaxeHa 3Ta TeHAeHUHA aaa “yryeBckoro
HeoaHTa (pHc.4).

line pre-sence, desorption is in fact the
same.
The largest reversibility is observed in

dodecylsulphate presence, which is a surface-
active substance expelling ox serum albumen
out of zeolite surface.

Sorption of ox serum albumin is influ-
enced by zeolite grain size and flux velocity,
this feature is most characteristic of Chu-
guevskiy zeolite.

14 ( PHC.4. Bbixoaible KpHBble BCA
12 ana ‘lyryeekoro ueoadrta (1,3) dpak-
T uMu 0,1 <d<0.2 (2) 0.3<d< 0.5 npu
101 CKOPOCTH NporyckaHHa  pacTBopa:
(1.2) - 0.5 cM/c ; (3) - 1.0 eMm/c.
8 1
6 1
4 1
2 -
1] — $ } + + —
0 50 100 150 200 250 300
14 ¢ FIGURE 4. Diagrams of ox serum
~albumen for Chuquevskiy zeolite
1z + (1.3) fractions 0.1<d<0.2,(2)
10 0.3<d<«0.5 with flux velocity:
T (1.2)-0.5 sm/s; (3)-1.0 sm/s.
8 1l
& J
4 1
2. 4
0 - } + + =+ i
] 50 100 150 200 250 300

C ymeHbleHHeM pa3sMepa 4YacTHU Bo3pa-
CTaeT AuHaMH4yecKana eMKocTb. JaHHbliA 3d-
(eKT MOMKET HMeTb KaK YHCTO KHHETHYEeCKHH
xapakTep /9/, TaK H 3a CHeT MOBEPXHOCTHOro
ac¢dekTa, onvcaHHoro B pabotax /10/.

[faHHble copbumH pbibHoro 6enka B CTaTH-
YeCKoM peXHMe (Modenb CTOYHbLIX BOA pbibo-
KOMOHHAaTa) NMoKaszblBAIOT, YTO C yBelH4eHHeM

With the decrease of particles size, the
dynamic capacity increases. This effect can
have purely Kkinetic character /9/ as well as
can be a result of surface effect described in
articles /10/.

in static
of fish-

The sorption of cod-liver oil
mode of model waste waters
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KOHLEHTpalllH H BpeMeHH KoHTaxta fenka C
YyryescKHM 1eoauToM ( 0.1 d 0.3) HaqHHaeT
HATH OAHOBPEMEHHO Trpouecc AecopBULHH
(pnc. 5).

50
45 1
40 4
35 1
30
25 1
20 1
15 |

10 L

Mpouecc gecopbuuH, Mo-BHAHMOMy, 0Oyc-
(10B{1€H CTPYKTYPHOH MepecTpoHKoH benka co
BpeMeHeM TpPH ero BbICOKHX KOHLEHTpalHAX.

HconegoBaHHe AHHAMHKH copOUHH pbIBHO-
ro 6eaxka (pHC.6) Ha 4YIYeBCKOM LEOaHTe
no3BOaAeT c¢/eaate BbIBO4, YTO BeaHYHHA H
xapakTep copbunH pbibHoro 6Geaka onpede-
afeTca KoHleHTpalHeR pacTBopa MpH Bcex
paBHBIX YCAOBHAX.

processing factory shows, that with the
increase of concentration and period of
protein contact with Chuguevskiy zeolite
(0.1> d >0.3), the sorption process starts
simultaneously (fig.5).

pbibHoro Geaka Ha YyryeBCcKoM Lie-
onure:

PHC.5. H3orepMbl aACOpOLIHH

1) B Teyenru 30 MHH.,
2) - B Te4eHHHn 60 MHH.

zeolite;

min.

FIRURE 5. Diagrams of cod-iver
oil adsorption on Chuguevskiy

1) during 30 min; 2) during 60

Evidently desorption process is caused by
restructuring of protein in the course of time
in case of its large concentrations.

The study of dynamics of fish protein
sorption (fig.6) on Chuguevskiy zeolite per-
mits to conclude that volume and character
of fish protein sorption is determined by so-
lution  concentration  with  all  equal
conditions. '
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MNpeaeabHan KOHUEHTpaLHA pbibHOrO
Oeaka aaa “yryeBCKOro LleoauTa oKasaaach
HA13KOH 1.0 Mr/Ma,  Bbllle  KOTOPOH
HabmogaeTca MPOCKOK B  [epBOHAYAIBHBLIH
MoMeHT. [py 60AbWOA KOHUeHTPaUHH Oenka,
no-BHgAvMOMy,  copOulMa  mnpoTekaet  BO
BTOPHYHOH TMOPHCTOCTH LEONHTA.

[Ipn wWccaeqoBaHHK  COPOUMH  (AMMHAOB
(pbIbbero xHpa) Ha YyryeBckoM LeoauTe Ha-
MH Obl10 MoKaszaHo (Tabn.3), uTo MpH Maabix
KOHLeHTpaUMAX  AWNH/IOB B pacTBope
copbLHA ACCTAaTOYHO caabo yBeAHHHBAETCA C
POCTOM KOHUEHTPaUHMH 3MyabCHH.  OaHako
NpH KOHLeHTPpauuaxXx cbbiuie 0.2 Mr/Ma
HabmogaeTcd 3HauynTedbHbi  pocT copbumH
XKHpa.

TakoH Xapaktep COpOUHMH XKHPA MOMKHO
06BACHHTL 0OpazoBaHHEM MOHOMONEKYIAPHOM
rHapogobHONA MNAEeHKH TMPH MaablX KOHUEH-
TpalMAX 3MYIbCHH KHpaA, UTO COOTBETCTBYET
cnaboMy H3MeHeHHIo copOlMH C KOHLeHTpa-
UHed 23MyabCHH. OHAaKO TpH YBeNHYeHHH
KOHLUEHTPpaUHH  3MY(bCHH  YBeAHUHBAETCH
CpeAHHHA pasMep MHUKpoKanedas Kupa, HTO

Puc.6. 3aBHCHMOCTb Be-
AHYHHbI PaBHOBECHOH KOH-
HeHTpallud OT KoHUeHTpa-
LHHH HCXOQHOTQ pacTBOpa
BO BpeMeHH

1) 2,2 Mr/ma,

2) 1,35 w™mr/ma; 3) 1,1
MIr/ma.

FIGURE 6. Time
dependence of balanced

concentration volume on
[initial” solution concentration
1) 2.2 mg/ml,
2) 1.35 mg/mi,
3) 1.1 mg/ml.

The limit concentration of fish protein for
Chuguevskiy zeolite proved to be close to
1.0 mg / ml, beyond this retention is ob-
served in the starting moment. With large
protein concentration sorption probably oc
curs in secondary porosity of zeolite,

Studying the sorption of lipids (of cod-
liver oll) on Chuguevskiy zeolite we observed
(table 3) that with small lipid concentrations
in solution,the sorption increases quite
slowly (with growth of emulsion
concentration). However when concentrations
are above 0.2 mg/ml.considerable growth of
oil sorption is observed.

This oil sorption feature can be explained
by formation of monomolecular hydrophobic
film in case of small concentrations of oil
emulsion,which corresponds to weak change
of sorption with emulsion concentra-
tion.However with increase of emulsion con-
centration,the average size of oil microdrops
increases as well, which leads to filling the
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NPHBOANT K OOBEMHOMY 3aroaHeHHI0 BTOPHY-
HOHM TMOPHCTOCTH 2KHPOM C . NOCAeAYIOLHM
yBeaHuyeHHeM ruapo¢oBHOro caos Kupa, de-

volume of ‘secondary porosity with oil, which
is followed by the further increase of hydro-
phobic oil layer, fully covering the particles

IMKOM TIOKPbIBAIOLIEro YacTHLpbl copbeHa.

of sorbent.

Tabavua 3. 3aBHCHMOCTb aacopbUMH OT KOHUEHTPauuH pbl6bero XHpa M CTefeHH noMona

LeoaunTa.
N npobbl Co cp 3epH. ¢pp, MM

1 0.020 0.010 0.20

2 0.052 0.025 0.54

3 0.106 0.065 0.84

4 0.218 0.080 0.76 1.0
5 0.300 0.065 4.70

6 0.354 0.115 4.70

7 0.400 0.120 5.60

1 0.206 0.095 2.22

2 0.304 0.150 3.08 0.25
3 0.416 0.260 3.08

4 0.512 0.180 6.64

TABLE 3.The dependence of adsorption upon cod-iver concentration and zeolite grinding

degree.

Sample number Co Cp Grain fractions,
mm

1 0.020 0.010 0.20

2 0.052 0.025 0.54

3 0.106 0.065 0.84

4 0.218 0.080 0.76 1.0

5 0.300 0.065 4.70

6 0.354 0.115 4.70

7 0.400 0.120 5.60

1 0.206 0.095 2.22

2 0.304 0.150 3.08 0.25

3 0.416 0.260 3.08

4 0.512 0.180 6.64

Habalogaemaa 3aBHCHMMOCTL COPOUHH  OT
arameTpa sepHa copbeHTa (1aba.3) He BbIXo-
AUT 3a paMKH OOBbIYHbIX MpedCTaBAeHHH, ¢
yBenHueHHeM MNoOBepPXHOCTH copbuua KHpa
Bo3pacTaeT. MccaegoBaHHe copbuUHH pa3aHy-
HbIX PacTBOPOB He MO3BOAAET C AOCTATOMHOM
AOCTOBEPHOCTbIO OLIEHHTb CopOuMio Oeaka H
XKHpa W3 cTOoKOB  pbiboxombrHata B
peaabHbix ycnosHuax. HamH ObinH rpogdenaHbl
OMbIThl MO COPOUMH KOMMOHEHTOB peafbHbixX
CTOKOB pbibokombHHaTa YyryeBcKkHM

The dependence of sorption upon the di-
ameter of sorbent grain (table 3) is tradi-
tional-the larger the surface, the higher the
sorption of oil.Investigations on sorption of

different solutions don't allow to estimate for

sure the sorption of protein and oil from
fish-processing factory waste waters in real
conditions. We have made experiments on
sorption of components of real fish-
processing factory waste  waters by

Chuguevskiy zeolite (d=0.25 mm) in dynamic
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uweoatoM (d = 0.23) B AHHAMHYECKHX
YCNOBHAX. Beanuudy copbumn BCex
KOMMOHEHTOB onpeaenann Mo  H3MeHEHHIO
BEHYHHDI XIK. Onpeaenenvie XK
npoepoanan  no  metogqy Kybena  /11/.
HabmoaaeTcAs MNPOCKOK B MepBOHaYalbHbIA
MOMEHT M MoOAyYeHHble AaHHbie CRHAETEb
CTBYIOT, 4TO BenUyHHa copbuMH oOTBevaeT
MaKCHManbHON BedH4HHe  copbumH Oenka B
AXHAMHYECKNX YCNIOBHAX A1A MOAENbHOro pa-
CTBOpa C KOHUeHTpaumnen 2.2 r/ma.
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IyBOKAA OYHCTKA KOHUEHTPHPO-
BAHHbIX CTOYHbLIX BO4

lWisBevyos B.H., A T1.H., npogeccop (HHH
BOArEQ)

C KOHUEHTPHPOBAHHLIMH CTOYHbIMH BO-
AaMH  MNpeAfpHATHA  arponpoMbILLIIEHHOro
KOMIieKca, (erkoH H [HIEBOH [POMbIUI-
(1eHHocTH cbpacbiBaercd g0 30 % BceH
MacChl 3arpfA3HeHr#, TMoCTynalHx B  CH-
crembl BodooTBeaeHnAa Poccun. Hambonee
NepcrnekTHBHbIMH  MeTOdaMH  O4YHCTKHM  3TOH
KareropHy CTOYHBIX BOA ABIAIOTCA OHOMO-
rHyeckHe, BO3MOXHOCTH KOTOpPbIX ewe Ja-
1eKo He HCyepnaHbl.

Ha COBpeMeHHOM YpOBHe pa3BHTHA OHo-
TexHonornd Hanbonee nNepCnekTHBHbIM Ha-
npaBeHHeM  COBepPLWEHCTBOBAHHA  KonHYe-
CTBeHHBIX W Ka4yeCTBeHHbIX XapaKTePHUCTHK
OYHCTHbIX COOPYMKEHHH ABASTCA COo3daHHeM
MHOTOCTYMeH4aTblX  cxeM  BGHONOrHYeCcKon
OYHCTKH  C  ONTHMANbHBIM  COUYETAHHEM
pPa3MYHbIX THMOB aHadPOOBHLIX M a3poOHBIX

6HOLICHO30B, a TaKkXe  MCronb3oBaHne
MHKPOOPraHH3MOB, HMMOOHHM30BaHHbIX Ha
NOBEPXHOCTH copbenros H ApYrux
HOCHTENEA.

HHUH BOAINEQ npoBeaeHbl OOIIHpHbIE
HCCaegoBaHMA Mo pa3paboTke  MHOrocCTy-

neHYarbix cXeM OHOAOrH4YeCKOM OYHCTKH C

HCAONb3OBAHWEM B KavyecTbe TeopeTH4YeCKoH
OCHOBb! ypaBHeHHA ¢epMeHTaTHBHOM
KHHETHKH, KOTOpble MMeloT oOLIMH XapakTep
M JalT BO3MOMHOCTL OINMHCaTb KHHETHRY
OMOXMMHYECKOH  JEeCTPYKUMH  3arpA3HeHHnn
CTOYHBbIX BQA H HX OTAEbHbIX KOMMNOHEHTOB
B a3pOOHBIX H aHa3pOOHbIX YCAOBHAX.
MokasaHo, 4ro npn nonxon OGHonork-
YeCKOH OUHCTKE KOHLIEHTPUPOBAHHbIX
CTOMHBIX BOA ¢ BIK < 4000 wmr/a pauno-
HalbHbl CXeMbl, BKMOYawWHe aHaspobHoe
cOpaxkuBaHMe 40 KoHe4yHoH BIIK 1000 -
2000 Mr/a wn CTaguio O4YUCTKH B  ABYXCTY-
neH4yaTbiX a3poTeHKax C  [POMEXKYTOUYHbIM
naoootgeanTeneM. JTH  CXeMbl NPHUMEHHMbI
1A OYHCTKH CTOUHbIX BoA abpuK nep-
BMYHON 006pabOTKH LWepCTH, NPOMbIWLEHHbIX
CEMHOKOMIMIEKCOB, APOMAKEBbIX 3aBO4OB H
ap. ABYXCTyneHYarbie CXeMbi C a3pOoTeHKamu
paunoHanbHsl rpy BIIK ncxoanon Boabt 400
- 4000 wmr/a, HanpHMep AdA  OYHUCTKH
CTOUHBIX BOA KapTOHHO-OyMamHbIX KOMOH-
HaToB, TEKCTHbHBLIX TPearnpHATHH, npea-
npuATHA o NepepaboTtke KapTtodeaa K. ap.

. OnpeaenATbLCA

AaA  CTOYHBIX BOA, COAEPXKalLMX COedH-
HeHHA a30Ta Llenecoobpa3HO MpHMeHeHHe
CXeM OYMCTKM B adpoTeHKax C aHa3pobHOM
M adpoGHOA 30HaMM M UMPKYIAUUEH HIOBOWH
CMeCH Mexady HHMMH, KOTOopble obecnevMBaloT
napaaneabHoe yaaneHue OpraHH4eCcKHX
3arpasHeHHd M COeAHMHeHHH a3oTa A0 HOop-
mMaruBoB I[IK. B KaKAOM KOHKpeTHOM cCiy4ae
LenecoobOpasHoCTb NpHMeHeHHA TOH  HaH.
MHOH CXeMbl M HX [apaMeTpbl aAOMKHa
Ha OCHOBE TeXHHKO-3KOHO-
MHYECKMX ONTHMH3AUHOHHbIX pacyeTtos. [das
3THX PacyeToB cieayeT NPHMeHATb ypaBHeHHA
(bepMeHTaTHBHOW KHHETHKH, KOHCTaHTb! KOTO-
PbIX = yCTAHaBAMBAIOTCA  3KClNEPHUMEHTabHO,
[lpn ONTHMH3ALMH MHOrOCTYNEH4YaTbIX CXeM
BapbHPYIOTCA KOHUEHTPauHMH aKTHBHOTO Hia
M CTeneHb OYHCTKH Ha KaMaOW CTYMeHH Mo
06006LIeHHbIM MOKa3aTenAnM K MO OTAEIbLHbIM
KOMITOHeHTaM,

Ana rayboKon AOOYHCTKH CTOMHBIX BOA
nocne nNoOAHON OHONOTHYECKON OYHUCTKH 1e-
necoobpa3HO NpHMeHeHHe NPHUHUHMITHANBLHO
HOBOro npouecca - 6Hocopbuny, npolecca.
PazpaboranHble HHH BOAIEO HoBbie coopy-
XKeHua - Ornocopbepbl C NCEBAOOKHMKEHHDIM
H MAOTHbIM CnoAMH copOeHTa, OCHOBaHHbIE
Ha COBMelleHHe B [IPOCTPAHCTBE H BO Bpe-
MeHH NpoueccoB aacopbunn 3arpA3HeHHA, HX
6MONOrMYeCKOro OKHCAEHHA MHKPOOpraHm3-
MamMn H HX 2K3odepmeHTamn (6HopereHe-
palM#a) W ydaneHHe B3BeWeHHbIX BellecTs,
obecneynBaer HeMNpepbIBHYID OYMCTKY CTOY-
HbIX BOA OT OWOpe3ncTeHTHbiX H Ovopasna-
raembix OpraHH4YeCKHX 3arpA3HeHHH CTOYHBIX
BOA H HCKalo4aeT HeobXOoAMMOCTb TepMH-
4eCKOH pereHepaund akTHBHPOBAHHOMO yras.
Brocopbepbl  3¢deKkTHBHBI  aAaA  rayboOKoOH
OYHCTKH M [JO0O4YHCTKHM CTO4YHBIX BOA OT
CIIAB, HeTenpoaykToB, coeqHHEHHH a3oTa,
CEepPHHUCTBIX  COeAnHeHHW,  Kpacutenen W
APYTHX  TPYAHOOKHCAAEMbIXx W OGHOpe3Hc-
TEHTHbIX COEANHEHHR, onpeaensiolllMx ocTa-
TovHylo XIIK M UBeTHOCTbL CTOYHBIX BOA.
PaspaboTaHa KoHuenTyanbHad MareMarHyec-
Kaf  Modedb, OMNHUCLIBAIOLIAA  NPOUeCcChl,
npotekawwHe B OHocopOepax. HoBble TexXHO-
AOTHYECKHE CXeMbl H KOHCTPyKunn Onoco-
p6epoB HCHbITaHbl. B OMbITHO-MPOMbILL/IEHHBIX
H MpPOMbIUIIEHHbIX YCAIOBHAX H MO CBOHMM
XapaKTepHCTHKaM CylleCTBEHHO MNPeBOCXOAAT
H3BeCTHble OTe4yecTBeHHble H 3apybexHbie
aHAI0TH. HX HOBH3HA U0OATBEPMXKJEHa pPAIOM
naTeHToB.
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BOTAHH4YECKAA TNIOWAAKA - HOBOE
BUOWHAKEHEPHOE COOPYKEHHE /1A
OYHCTKH CTOYHbBIX BOA
L]}

Sxrop 1.0.,

LOKTOp GHOMOrHIEeCKHX HAYK.
HHCTHTYT BOQHBIX Mpobrem
FPoccHICKOH aRaqeMHH HAyA.

Moa 6GoTaHH4ECKHMH MaouWaaKkaMH aBTOp
MOHMMaAeT IHPOKHH CNEKTP BOAOTOKOB, 3a-
POCUIHX MAaKPOGHTAMH €CTECTBEHHBIM MyTeM
HAHM BblCaXeHHBbIX B HHX HCKYCTBeHHO. Kak
npaBHNo, 310 GONOTHCTBIE YHACTKH C 3aMeq-
(IEHHbIMH CKOPOCTAMH TeYeHHA BOAbI HA MYTH
K BoanoMy obnekTy. Mbl KnaccnpuuupoBant
HECKONbKO THNOB OOTAHH4YECKHX MAOILAAOK,
KoTOpble 06CYyKAAITCA B AOKaaae.

OT ecrecTBeHHbIX 3apocned O60n0THOM
PacTHTENbHOCTH C Goabllied HAH MeHbllueH
npoTovHoCTHIO BoTannYeCcKHe NnolaakH OTIH-
4alOTCA BMeLIAaTeN1bCTBOM Y€n0BEKa B €CTeC-
TBEHHO pa3sBMBaIOWIMECA Mpouecchi MeTabo-
AM3Ma MnonafaHHeM XO3AHCTBEHHO-ObITOBLIX
CTOKOB, CMyCKOM B HHX BOA, Pa3nnyalolnXcA
Mo CTeneHW 3arpA3HEeHHOCTH.

’

LIMpoKHH CNEKTP BOAOOXPAaHHbIX OOBEKTOB

B Bogocbope, ofbeqHHEHHbIX OBWHMM TepMH-
HoM «GoTaHH4ecKas naouwadaka», Tpebyer pac-
CMOTPEHHAI B HHMX Ka4vecCTBEHbIX TNpOLECCOB
H3MEHeHHA NapaMeTpoB BOAbI, TAK W NMony4eHun
KONHYe-CTBEHHbIX XapaKTepHCTHK, KOTOpbie
NO3BOAHAH Gbl NAAHUPOBATH pa3Mellielre 6ora-
HHYEeCKHX NMAoLIaA0K TaM, rae 3To HeoDXO0AHMO
H co3faBaTbh HX C MAaKCHMadbHOH 2 ¢PeKTHB-
HOCTBIO KPyr-10roAHYHOr0 PyHKUHOHHPOBAHHA.

THE BOTANICAL PLOT - A NEW
BIOENGENEERING STRUCTURE FOR
TREATMENT OF WASTWATERS
|

Linor L.O.,

The Head of Laboratory of Water
Ecosystems of Water Problems Institute
of the Russian Academy of Sciences.

By botanical plots the author means a broad
spectrum of streams overgrown by macrophytes
naturally or artificially planted in them. As a
rule, these are marshy stretches with slow
current velocities of the water on the path to
water objects. We are classified some types of
botanical plots, which would be discussed. The
botanical plots differ from natural beds of marsh
vegetation with greater or lesses flowage by
human intervention into the naturally develop-
ing processes of metabolism, and by the
disposal in them of waters differing in degree
of pollution.

There is the task of studying of the broad
spektrum of water-protection objects on a
drainage basin, which are united by the general
term «botanical plot» requires examing both of
the qualitative processes of a change in the
water parameters occurring in them and
obtaining quantitative characteristics which
would make it possible to plan the disposition
of botanical plots where this is necessary and
to create them with maximum effeciency of
year-round functioning.

In our opinion, the highest level of orga-
nization of botanical plot is, obviously, its con-
struction on a specially allotted area with the
creation of necessary directed slope for the flow
of water and prevention ofits stagnation with
spreading of the flow over the entire width of
the plot. By placing pebbles, rubble or other
chemical inert material on the impervious
ground or on a special impermeable film on the
bed of. the botanical plot, rhizome layer with
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{10 HalleMy MHEHHIO, HAHBbICIUHM YPOBHEM
opraHx3salini 60TaHH4ECKON NNOWaAKH ABA-
eTCA, OMEBHAHO, €e COOpYKeHHe Ha creLHanb-
HO OTBe€EeHHOM Y4YaCTKe MeCTHOCTH C co3aa-

HHEM H806XOAHMOFO HanpabaeHHoOro yKaoHa |

ANA MOTOKa BOAbl H MpenynpexaeHHe ee
3acTof, C pacnaacrbiBaHHEM NOTOKA Ha BCIO
WHPHHY naowaakH. [lyreM pbIXAoH ykaaakw
Ha noxe OOTAaHHYECKOH NAOWAAKH ManbKH,
webGeHKH HaH APYroro XHMH4YeCKH HHEPTHOIO
MaTepHana Ha BOAOYNOPHbIN IPYHT HAH CNELH-
anbHYy10 BOAOHENPOHHLAEMYIO NI1EHKY H YKaaa-
KH KOPHEBHILHOrO rpyHTa € 3ayaTKamH
BbIOPAHHBIX BHAOB renoHTOB CBEpXY AOCTH-
raeTca GpHALTPaAUHA KHAKOCTH B ABYX TOpH-
30HTAX: BepXxHeM, a3poBHOM, B rOPH3OHTe
KOpHeOoOHTaHHA TrenodHTOB H COMYTCTBYIO-
wern MHKpodaopbl H B HHAKHEM TOPH3OHTe
noceneHHa Ha TBEPAbIX, PbIXA0 YNOKEHHbIX
cybcTpatax aHa’pobHbIX MHKPOOPraHH3MOB.
Bo/0o6MeH Mexay ropHIoHTaMH obecnevnsa-
eTCA nepeMewinBaHneM NoAHNMMaKUHMMHCA
CHH3y ra3aMH H OIlYyCKaOLWHMHCA MEAKHMH
yacTruamy, dPdeKTHBHAA OUHCTKA CTOYHBIX
BOA AO0CTHraeTca xopoio cbanaHCHpOBaH-
HbIM B3aHMOAEHCTBHEM BCeX KOMIIOHEHTOB
610Tbl, CaMOpa3BHBAIOILNXCA BHYTPH OoTaHH-
yeCHKOH NnowaakH, obpasyloulen eAHHbIN

turions in upper layer filtration of the liquid in
two horizons is achieved: in the upper aerobic
horizon, in the zone of the roots of the
helophytes and accompanying microflora, and
in the lower horizon of the colonization of
anaerobic microorganisms on the solid, loosely
placed substrates. Water exchange between
horizons is provided by mixing of the rising
gases and descent of small particles.

Effective polishing of wastewaters is achived
by well-balanced interaction of all member
of biota, which gradually selfdeveloped on the
botanical plot, and which create a single
hydrobiocenose. The efficiency of polishing is
determined from the water-quality parameters
being checked at outlet of botanical plot.

6HoueHo3. 3PpPeKTHBHOCTL OMHCTKH OMNpese-
AAeTCA 1O KOHTPO/HPYEMbIM TMapameTpam
KavecTBa BOAbl Ha Bbixoae OoTaHH4YeCKON
NNoWAAKH.
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HEMNPEPBbIBHbIH KOHTPO/Ib CTOYHBIX BO/
MPOMBIL/IEHHBIX NPEAMPHATHHA

Ulepbaros Boprc AKOBNEBHY, CTapLUIHF
HAVYHbIF CoTRYARHK BHHH neoprannvecKnx
MAaTepHaaoB HMeHH akagemMrka A.A.bouBapa

OgHa H3 OCHOBHbIX TIPHYHH HHTEHCHBHOIO
3arpAsHeHHA OKpyXKalollleH cpeabl 3To OTCYT-
CTBHE HenpepbIBHOIO KOHTPOAA BCEX MOTOKOB
CTOYHbIX BOA, YTO mno3BonAer cBpacbiBaTh
oracHblie oTXo4bl B PpekH Oe3HakasaHHO.
HaMH CKOHCTPYHpPOBaH aBTOHOMHBIA MexaHu-
YeCcKHA npo6oTopHHK "WEM-3"  ana
aBTOMAaTHYECKOrO  HeMNpepbiBHOrO  Kpyrao-
cyrouHoro orbopa npob CTOYHON BOAbl B 2
ycpeAHuTeqbHbIE eMKOCTH B KOMoAuax camo-
Te4YHOHW KaHaan3aunn. OH TakxKe MO3BOAAET
nepHoAn4ecKH OLEHHBaTh pPacxod KOHTPO-
MpyeMoH crouHoi Boabl. [pubop paboto-
cnocofel B YCAOBHAX BBLICOKOM BAAMHOCTH,
XHMHYECKON arpecCHBHOCTH M B3pblBoonac-
HOCTH cpeabl. YTo6bl YAOBAETBOPHTb pacTy-
WHA Cnpoc Ha npoOOTOOPHHK-pacxoaoMep,
Mbl fipednaraeM (MUEH3WK Ha Cepuftoe Haro-
ToBneHne "UIEM-3" ¢ npegocraBaeHHeM BCEH
HeoBXOAHMON TEXHHYECKON AOKYMeHTalHH.

CONTINUOUS CONTROL OF INDUSTRIAL
SEWAGE

Shcherbakov Boris Yakovievich

Senior researcher,

A.Bochvar All-Russia Scientific Research Insti-
tute of Inorganic Materials

One of the main reasons of intense con-
tamination of environment is no continuous
control of all sewage streams, which allows
discharge of dangerous waste into rivers un-
punished. We have designed an independent
mechanically operated sampler ‘lIEM-3* for
automatic continuous all-day-round sampling
of sewage into 2 averaging tanks in wells of
gravity-flow sewerage system. It also allows a
periodic estimation of controlled sewage flow
rate. The device is serviceable under condi-
tions of high humidity, chemical aggressive-
ness and highly explosive medium.

In order to satisfy an increasing demand for
the sampler-flowmeter, we offer licences for a
large-scale production of ‘LIEM-3" and all
necessary technical documentation.



