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EXTENDED ABSTRACT:

Protection of water resources from contamination is considered as one of the global
problem of the present day. Wastewater of almost all economic entities contains oil products,
heavy metal compounds and other pollutants. Many effective wastewater treatment systems
can provide purification index up to 99.9%, but operation of such systems entails significant
costs, therefore many economic entities neglect environmental protection standards despite
heavy penalties.

The main task of modern technological systems is the development of environmentally
safe technologies with the most closed cycle and the minimum amount of waste. The current
situation in this field of research has necessitated the improvement of sorption technologies
and selective processes for treatment of contaminated solutions and process fluids for the
integrated solution of resource-saving and environmental problems. The target studies of
wide range of sorption materials applied in wastewater treatment resulted in further devel-
opment for processes of adsorption of oil products and heavy metal ions on natural sorbents
and their analogs.

That is why design of cost-effective wastewater treatment systems that would ensure
high purity is a challenge for all countries.

This paper suggests a multi-stage treatment system based on nanoactivated natural
sorbents employed in a closed-loop water cycle. The advantage of using such treatment sys-
tem as compared to the existing ones is demonstrated on the example of economic entities
operating in the machine building industry in Russia, the USA and Israel.
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he issue related to the construction of a water treatment system is
solved differently at different economic entities, because the tech-
nology of water treatment depends not only on the requirements for the
quality of treated water, but also on the technological and economic feasi-
bility of water treatment. Such methods as water treatment based on bio-
logical sludge, centrifugation, sorption, flotation, ultraviolet water treat-
ment or ozonization, micro- and nanofiltration are successfully used for
wastewater treatment. The most popular and effective methods of water
and wastewater treatment are as follows: physicochemical treatment meth-
ods, biological methods, both aerobic and anaerobic, wastewater treatment
based on membranes, thermal methods of water treatment, wastewater
treatment based on ozone, absorption methods of treatment based on acti-
vated carbon, ion-exchange methods for the selective extraction of contam-
inants. Each of the methods above has its advantages and disadvantages.
Selection of one or another method depends on a number of factors, such
as the scale of contamination, its specificity and economic feasibility. The
existing environmental protection standards require economic entities to
implement new treatment facilities or modernize the existing ones [1-8].
In Russia the most popular methods of wastewater treatment are
chemical and physicochemical methods. Chemical treatment is carried
out with the use of a variety of chemical reagents that react with contami-
nants. As a result of their action insoluble deposits form. Physicochemi-
cal treatment of water combines several methods: coagulation — adding of
coagulants to effluents during reaction that produces deposits in the form
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of flakes, which can simply be removed, flotation — passing of air bubbles
through effluents. When moving up they take oils, surfactants and other
contaminants with them. As a result, foam is formed on the surface of ef-
fluents, and sorption — the use of materials that can absorb contaminants.
First, mechanical treatment is carried out.

Israel was recognized as the best country in terms of industrial waste-
water treatment in 2010 and subsequent years. Today Israel remains one of
the world leaders in this area. The main methods are as follows: chemical,
mechanical, physicochemical, and biological. In addition to the traditional
methods of water and wastewater treatment, new and more environmen-
tally friendly and economically viable methods have been developed in Isra-
el: membrane, electrochemical, magnetic treatment, ozonation, treatment
with selective sorbents. Each of these methods allows removal various con-
taminants effectively with minimal harmful effect on the environment.

In the United States the most popular industrial method of wastewa-
ter treatment is the membrane treatment method. Growing interest to the
technology of ultrafiltration among US specialists is caused by an increas-
ing scale of its application. The method of membrane filtration is based on
the following: when wastewater is passing through the membrane, it gives
preference to some substances and retains impurities that are foreign for
it. The main advantage of this method is almost complete treatment of liq-
uid from foreign impurities and compounds. Thorough filtration prevents
pollutants ingress to water.

An analysis of data on industrial wastewater treatment was conducted
at economic entities of such countries as Russia, the United States and Is-
rael. The data collected at five economic entities of the machine building
industry in each country are presented in Table 1, where C_ — input im-
purity concentration, C_ — output impurity concentration, o — extraction
degree.

The data in Table 1 are organized according to the average value of
concentrations at the selected economic entities in the industry most pol-
luted with heavy metals. The above results indicate that the methods used
for treatment in Russia are inferior to the level of wastewater treatment at
economic entities in the United States and Israel. All the methods used are
quite expensive, especially in the USA and Israel. Searching for and devel-
opment of new economically viable and highly effective water treatment
methods is of top-priority importance for these countries.
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Table 1
Concentrations of heavy metals in wastewater
before and after treatment at economic entities
of the machine building industry by country
Russia USA Israel
fﬁ:::ﬁ: n(ljg/l 1?{;;71 % (%) II(I:g/l 1?1(;71 % (%) n?g/l f{g}’l %, (%)
pH=3-11
Fe 150.4| 0.3 | 99.8 | 75.9 | 0.1 | 99.9 | 75.0 | 0.1 | 99.9
Cu 10.3 | 0.4 | 96.1 9.7 |1 0.35 | 964 | 13.6 | 0.3 | 97.8
Zn 22.8 | 0.8 | 96.5 | 20.6 | 0.5 | 97.6 | 21.4 | 0.6 | 97.2
Cr, .., 95.3 | 0.3 | 99.7 | 89.5 | 0.2 | 99.8 | 90.7 | 0.2 | 99.8
Ni 1.06 | 0.07 | 93.4 | 1.09 | 0.06 | 94.5 | 1.15 | 0.07 | 93.9
Pb 2.6 0.1 | 96.1 | 2.9 | 0.08 | 97.2 | 2.2 | 0.04 | 98.2
Crb* 3.5 0.1 97.1 2.5 | 0.05 ] 98.0 | 2.5 | 0.05 | 98.0
Other 6 0.2 | 96.6 | 4.5 | 0.02 | 99.6 | 4.7 | 0.01 | 99.8

The use of nanomaterials with unique physicochemical and surface
properties provides new opportunities in wastewater treatment. Imple-
mentation of nanotechnologies in wastewater treatment is a promising area
for the improvement of the quality of treatment. So, paper [9] proposes to
use sorption treatment with the help of nanomodified natural sorbents —
a nanoactivated complex of zeolite and diatomite — for the treatment of
wastewater containing a wide range of pollutants. Natural zeolite and di-
atomite are distinguished by an increased ion-exchange capacity, the abil-
ity to exchange cations, low price and high popularity.

The main component of the selected natural sorbents is silicon oxide.
Its content in diatomite reaches 80% , in zeolite — about 70% . These miner-
als also contain oxides of aluminum, iron, titanium, calcium, magnesium,
sodium, potassium, and other oxides.

According to the method proposed in paper [9], the capacity of the
sorbent to absorb large concentrations of heavy metals as compared to the
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concentrations at the selected economic entities specified in Table 1 was
tested. The results of the tests are given in Table 2.

The degree of extraction was calculated according to the following
equation:

a=(C,_-C._)-100/C_, (1)

where C_ is — input impurity concentration, C . — output impurity
concentration.

Table 2
Results of sorption of heavy metals by nanoactivated complex
of natural sorbents

Extracted pH=3-11 o

substance C,, mg/1 C, ,mg/l a, (%)
Fe 200 0.1 99.9
Cu 15 0.15 99
Zn 27 0.15 99.4
Cr__ 105 0.1 99.9
Ni 5 0.01 99.8
Pb 5 0.01 99.8
Crb* 5 0.01 99.8
Other 10 0.01 99.9

According to the data presented in Table 2, the results of testing of the
adsorption capacity of a nanomodified sorbent with respect to extracted
substances showed that this sorbent can be successfully used for waste-
water treatment from ions of heavy metals. So, the method of industrial
wastewater treatment from heavy metals presented in paper [9] is the most
effective.

It is proposed to introduce water cycles based on multi-stage treatment
systems presented in paper [10] with the use of nanoactivated complexes
of natural sorbents, as well as to reuse treated water in circulating cooling
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Fig. 1. Scheme of a closed-loop water cycle

water systems, etc. This system, which scheme is shown in Fig. 1, is the
most cost-effective method of wastewater treatment for economic entities.

As distinct from a once-through water-supply system, which is usually
used in case of low water consumption and closely located water sources, a
full circulating water system presupposes water reuse for the purposes of
production. Technologies that allow reusing treated wastewater or regen-
erating process solutions are of great importance. Most modern economic
entities are active consumers of water resources. For the purposes of eco-
nomic and environmental expediency it is advisable to give preference to
a progressive method of recirculating water supply implying the repeated
use of this resource. Reuse of wastewater after its treatment for the pur-
poses of the same process operations or for other production needs is an
effective way to reduce the number of industrial effluents discharged into
reservoirs, as well as reduce costs of economic entities.

The main advantages of multi-stage systems in a close-loop water cycle
for industrial effluents treatment based on nanomodified natural sorbents
are as follows: a possibility to remove various compounds of heavy metals
simultaneously on the first stage, heavy metal compounds are clathrated in
the form of crystalline non-leachable products, dispersed suspensions and
emulsified pollutants are removed effectively with dissolved heavy metals,
the process is not sensitive to the influence of other salts that may be pres-
ent in effluents in large concentrations [11-20].

The results of new treatment system testing proved more usefulness
with respect to those ones used at economic entities in Russia, the United
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States and Israel. The degree of extraction is 99.9% combined with a high
economic efficiency. Moreover, heavy metals are not released if the pro-
posed sorbent is used, and the process of heavy metals absorption is active-
ly continuing.

The analysis of the current state of wastewater treatment from heavy
metals at the selected economic entities leads to a conclusion about the pros-
pects of using the developed system based on nanomodified natural sor-
bents, as well as allows recommending them for practical use for wastewa-
ter treatment at economic entities of Russia, the United States and Israel.
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CUGTEMA OYUCTKM CTOYHbBIX BOA C UCNOJIb3OBAHUEM
HAHOMOQUDULIUPOBAHHLIX NPUPOAHBIX COPBEHTOB

AHHOTAHI/IH K CTATBHE (ABTOPCKOE PE3IOME, PE®EPAT):

OpHoit U3 TI00AaJIbHBIX IMTPO0JEM COBPEMEHHOCTH SBJIAETCS 3allfUTa BOTHBIX pecyp-
coB OT 3arpasHeHnsA. CTouHbIe BOABI MPAKTHYECKH BCEX XO3AMCTBYIONIUX CYy0'HEKTOB CO-
JepsKaT He(hpTenmpoayKThl, COeANHEHUA TAKEIbIX METAJJIOB U IPyTrue BUIBI 3aTPA3HEHUI.
CerogHs cymiecTByeT JOCTATOYHO MHOTO 3(p(heKTUBHBIX CHCTEM OYMCTKH CTOYHBIX BOJ C
BBICOKOM CTeNeHbI0 ouncTKu 10 99,9% , HO sKcIIyaTanusa TaAKMX CHCTEM O0YCJIOBIEHA
3HAYHNTEJHHBIMH 3aTPATAMM, II03TOMY MHOTHE X03AHCTBYIOIINE Cy0'HeKThI IIPeHe0peraT
3K0JIOTHYEeCKUMH HOPMAaMU, HECMOTPS Ha 00JbIne mTpadHbIe CAHKINH.

OcHOBHO¥ TPO006.JIEMO COBPEMEHHBIX TEXHOJIOTHUECKNUX CHCTEM IMPUMEHEHU SABJIA-
eTcsl pa3padoTKa YKOJOTHUECKHN (0e30MAaCHBIX TEeXHOJIOTHH C MAaKCHMMAJBHO 3aMKHYTBHIM
IMUKJIOM M MUHMMAJBHBIM KOJUYECTBOM OTX0m0B. Cllo:KMBIIAsACA B HACTOdIIee BpeMsA
CUTyalud B 3TON 00JIaCTH MCCJIETOBAHNN BBHI3BAJIa HEOOXOIUMOCTH COBEPIIEHCTBOBAHUA
COpGIlI/IOHHLIX TEeXHOJOTMHA M CeJIEKTHBHBIX IIPOIIECCOB OUMCTKHU 3arpA3HeHHBbIX PACTBO-
POB ¥ TEXHOJOTHYECKUX KUIKOCTEH I KOMILIEKCHOTO PellleHNs pecypcocOeperamoumx
M DKOJIOTHYECKHUX mpo6aem. B pesynabraTe HampaBleHHBIX HCCIET0BAHUIN IIHPOKOTO CIIEK-
Tpa COpGIII/IOHHBIX MaTepuaJaoB IPUMEHUTEJAbHO K OUYUCTKEe CTOUYHBIX BOA ITIOJIYUYUJIHN HAJNb-
Heiilllee pa3BUTHE MIPOIECCHI AICOPOINN He(TEMPOAYKTOB M HOHOB TSAKEJJIbIX METAJJIOB HA
IIPUPOAHBIX COPOEHTAX U UX aHAJIOTAX.

Takum 06pa3oM, co3qaHNEe IKOHOMUIECKH 3(P(HEKTUBHBIX CHCTEM OUMCTKY CTOUYHBIX
BOJ IIPU COXPaHEHUHN BBICOKOM CTEIIeHM OYMCTKHU ABJIAETCHA OI[HOﬁ U3 CaAaMBIX aKTYAaJdbHBIX
mpo0JieM COBPEMEHHOCTH BO BCEX CTPaHAaX.
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B pabore mpegiiaraeTca MHOTOCTYIIEHYATASI CHCTEMA OUYUCTKY C HCIIOJF30BaHNEM Ha -
HOAKTHUBHUPOBAHHBIX MIPUPOTHBIX COPOEHTOB, IPUMEeHAeMasd B 3AMKHYTOM BO0000POTHOM
mukiIe. [lokazaHo MPenMyIIeCTBO MCIIOIb30BAHUA TAKOM CHCTEMbI OUMCTKH 110 CDABHEHUIO
C CYyIIECTBYIOIIUMHU Ha IIPUMepe X03AMCTBYIONINX CY0'beKTOB B MAIIIMHOCTPOUTEJILHOM OT-
pacau Poccun, CIITA u U3paunisa.
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OCTPOEHMNE CUCTEMbI OUMCTKU BOABI HA XO3AUCTBYIOIUX CYOHEK-

Tax penraeTrcs He BceTrJa OANHAKOBO, TAK KaK TeXHOJOTUSI OUUCT-
KM BOJbI 3aBUCUT HE TOJILKO OT TPeOOBaHUI K KAUECTBY OUUIIIEHHOMN BOMbI,
HO U OT TEXHOJIOTUYECKOI 1 9KOHOMUYECKOII BOBMOKHOCTH €€ ITPOBEIEHMA.
B oumcTKe CTOYHBIX BOJ YCIIEINTHO (PYHKIIMOHUPYIOT TaKUEe METOIbI, KaK
OUYMCTKA BOJABI aKTUBHBIM UJIOM, IIeHTPU(yTrupoBanue, copoius, (aoraus,
00paboTKa BOABI YIABTPA(PUOJIETOM UM O30HNPOBaHNE, MUKPO- 1 HAHO(PUJIb-
Tpanusa. Camble monyaAapHbIe U 3(h(HEeKTUBHBIE U3 U3BECTHBIX METOIOB BOJIO-
IMOJATOTOBKU M OYMCTKHU CTOUYHBIX BOJ: (PUBUKO-XUMHUUECKUE METOAbI OUCT-
KM, OMOJIOTHYECKUE METOAbI, KaK aspoOHbIe, TAK U aHA’POOHBIE METOHbI,
OUYHMCTKA CTOYHBIX BOJ C MCIIOJIb3OBAaHMEM MeMOpaH, TePMUUYECKNE METOIbI
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OUMCTKHU, OYMCTKA CTOUYHBLIX BOJ C MCIOJb30BaHIeM 030HA, a0COPOI[MOHHEIE
MEeTOJblI OUMCTKHU C MCIIOJIb30BAHMEM aKTHUBUPOBAHHOIO YIJIA, MOHOOOMEH-
Hble METOIbLI IJA CeJeKTHUBHOIO M3BJIEUEHUSA 3arpA3HSIOIINX BeIIeCTB.
Kakaniii 13 mepeumncieHHBIX MeTOAOB 00JialaeT CBOMMU AOCTOMHCTBAMMU
1 HegocTaTKaMu. BeIOOD TOro My MHOTO cImoco0a 3aBUCHUT OT pPsAga (parTo-
pPOB, TAKMX KaK MAacIiTab 3arpsA3HEHUs, ero ciuenu(pruKa 1 9KOHOMUUYeCcKasd
mesecoobpasHocTsb. CyIecTBYIOIINE dKOJOTTYECKIE HOPMBI TPEOYIOT OT XO-
3ANCTBYOIINX CYOHEKTOB peain30BaTh HOBbIE MJIM K€ MOAEPHU3NPOBATH
UMeIIecsa OUYNCTHBIE coopy:keHmnA [1-8].

B Poccumn HamboJsee MONyJISAPHLI XUMHUYECKHEe U (PUBHUKO-XUMUUYECKIUe
METOJAbI OYMCTKM HPOMBIIIJIEHHBIX CTOUHBIX BOJA. XHMHUUYECKAA OUMCT-
Ka OCYII[EeCTBJIAETCSA C IIOMOIIBI0 PA3HOOOPA3HBIX XMMHUUYECKUX PeareHTOB,
BCTYHAIOIMNX B PEAKIINIO C 3arPA3HAIOIINMU BelllecTBaMu. B pe3ybrare ux
BO3JEeMCTBUA 00Pas3yIOTCA HepacTBOPUMLIE OCaAKi. PU3MKO-XMMHUUECKAasd
OUYMCTKA BOABI 00beINHAET B ce0sI HECKOJIBKO METOIO0B:
®  KoaryJadAmnuio — AoOaBJIeHWE B CTOKMW KOATyJIATOB IIPU pPeaKIui, ¢ KO-

TOPBIMU MOJIYYAIOTCA OCAAKMN B BUAE XJOILEB, KOTOPhIE IIOTOM MOKHO

IIPOCTO YAAJIUTD;
®  (paoTamuio — OPOMyCKaHNe Yepe3 CTOKM BO3AYIIHBIX IIY3BIPbKOB. OHUI

IIPU OIBM)KEHUN BBEPX NPUXBATBHIBAIOT C COOOM MacJja, IIOBEPXHOCTHO-

aKTHUBHLIE BeIlleCTBa U IIpoune 3arpasHenus. Ha moBepXHOCTH CTOUHBIX

BOJI B pe3yJbTaTe o0pasyeTcs IeHa;
®  CcOpOIMIO — NCIIOJIL30BAHNE MaTePHUAJIOB, KOTOPbLIE MOT'YT BIUTLIBATH 3a-

rpasHsAIMe BellecTBa. IIpegBapuTesibHO 003aTEIbHO TPOBOLAT Me-

XaHUUYECKYIO OULCTKY.

Wzpauab B 2010 rogy 1 B IocJaeAYIOMINX IOgaX ObLI IIPHU3HAH JIYYIIINM II0
OUMCTKE IIPOMBIIIJIEHHBIX CTOUHBIX BoA. Ha ceromus M3panab TakKe ocTa-
eTCs OJHUM 13 MUPOBBIX JIUAEPOB B JaHHOU chepe. OCHOBHLIMU CIIOCOOAMM
CUMTAIOTCA: XUMHUUYECKUHN, MeXaHNYECKUH, PUBNKO-XUMUYECKUI, OMOJIOTH-
yecKuii. Kpome TpaguIinoHHBIX METOLOB OUNCTKY BOALI I CTOKOB B V3paunJie
paspaboTaHbI HOBbIE, 00JIee SKOJOTUYHBIE I SKOHOMNYECKU BLITOIHBIE CIIO-
coObI: MeMOpaHHBIE, DJIEKTPOXNMUUECKEe, MATHUTHAS 00pad0OTKa, 030HUPO-
BaHUIe, 00paboTKa ceJJeKTUBHLIMU copOeHTaMu. Kamablil 13 3TUX CIIOCO00B
M03BOJISAET 3(P(PEKTUBHO YAAIATH PA3JINUYHLIE 3aTPA3HEHN A, IPY MUHIMAJIb-
HBIX BPEIHBIX ITIOOOUYHBIX BO3AEMCTBUIX HA OKPYIKAIOIIYIO CPeay.

B CIITA camblii TONYJIAPHBIA TPOMBIIIJIEHHBIA METOJ OUUCTKM CTOKOB —
MeToJ MeMOpaHHON ouncTKu. VIHTepec K TeXHOJIOTUU YIbLTPa(UIbTPAIUN
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cpenu cuernuanuctoB CIIIA momorpeBaercsa pacTyHIMMHK MacllTabaMu ee
npumeHenud. Meron MeMOpaHHOM (pUILTPAIII OCHOBAH HA TOM, UYTOOBI IIPU
IIPOITyCKe uepes cedd oTAaBaTh IIPEAIIOUTeHEe KaKNM-JIN00 BelllecTBaM, IIpu
9TOM 3aJIepP:KuBasi MHOPOILHEIE AJ1d MeMOpaHbl npuMecu. OCHOBHOE IIPeruMYy-
IIIeCTBO YKA3aHHOI'0 MEeTOJa — IPAaKTUUYECKHU IIOJHASI OUMCTKA YKUIKOCTU OT
MHOPOJAHBIX IpuMeceil m coenuHeHuil. TmiateabHada QUAbLTPAIUA HE JaeT
BO3MOKHOCTH BO3BpATa B BOAY 3arpA3HSIIONINX BeIleCcTB.

Ananns JaHHbBIX 10 OYMCTKE IPOMBIIIIJIEHHBIX CTOUHBIX BOJ OBLJI IIPOBE-
JIeH Ha X03SAMCTBYIOINX CY0ObeKTaxX TaK1UX cTpaH, Kak Poccus, CIITA u Uspa-
nJb. BEIOOpKaA JaHHBIX IPOBOAMJIACH MO IISATH XO3SIMUCTBYIOIIUM CYyObeKTaM
MAaIIIMHOCTPOUTEJIbLHOM OTPACM OT KaKA0M CTPaHbI, PE3yJIbTAaThl IIPEICTaB-
sneHbl BTaba. 1., rme C —ncxonHas KOHIleHTpanus npuMecu, C  — BBIXOJ-
Had KOHIIEHTPAIUI IPUMeCH, 0, — CTeIIeHb U3BJIEUCHU .

Taobnuua 1
KoHLleHTpanusa TAKeJJbIX METAJJIOB B CTOYHBIX BOJgaX
IO U TOCJIe OUUCTKM Ha X03ANCTBYIONINX Cy0ObeKTax
MAIIHHOCTPOUTEIHHOM OTPACJIU 0 CTPaHAM

Poccusa CIIIA HN3panas

HN3Baexrae-

moe meme- | w? | Uw |, (6) | e | et o, () | et | e | o, (%)

CTBO
pH =3-11

Fe 150,4 0,3 99,8 75,9 0,1 99,9 75,0 0,1 99,9
Cu 10,3 0,4 96,1 9,7 0,35 96,4 13,6 0,3 97,8
7Zn 22,8 0,8 96,5 20,6 0,5 97,6 21,4 0,6 97,2
CI‘06111 95,3 0,3 99,7 89,5 0,2 99,8 90,7 0,2 99,8
Ni 1,06 0,07 93,4 1,09 0,06 94,5 1,15 0,07 93,9
Pb 2,6 0,1 96,1 2,9 0,08 97,2 2,2 0,04 98,2
Cré+ 3,5 0,1 97,1 2,5 0,05 98,0 2,5 0,05 98,0
IIpoume 6 0,2 96,6 4,5 0,02 99,6 4,7 0,01 99,8
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IManable Tabs. 1 chopMUPOBAHBI IO CPeIHEMY 3HAUEHUWIO KOHIIEHTpPA-
Ui Ha BRIOPAHHBIX X03SAMCTBYIOIINX Cy0OhbeKTaX B HanboJiee 3arpsa3HeHHOMN
TSKEJBIMU MeTajlJIaMi oTpacau. lIpuBemeHHBIE Pe3yabTaThl CBULETEJIb-
CTBYIOT, UTO METOHbI, MCIIOJIb3yeMbIe OJId OUMCTKM B Poccum, yCTyIIaioT
YPOBHIO OUHMCTKU CTOKOB X03AMCTBYIOIMuX cyobekToB B CIITA u Mspaune.
Bce ucnosb3yeMbie METOABI ABJIAIOTCSA JOCTATOUHO JOPOTOCTOAIINMI, B 0CO-
oeunoctu B CIITA u Mspaunie. Ilouck u pa3zpaboTKa HOBBIX 9KOHOMUUYECKU
11eJ1eCO00Pa3HbBIX U BEICOK0d((EKTUBHBIX METONOB OUNCTKY BOABI ABJIAETCS
MIPHUOPUTETOM AJIS JaHHBIX CTPAH.

IIpuMeHeHe HaHOMATEPHAJIOB, O0JAZAIOIINX YVHUKAJILHBIMU (PU3N-
KO-XMMHUYECKNMH U IIOBEPXHOCTHBIMU CBOMCTBAMU, OTKPHIBAET HOBLIE BO3-
MOJKHOCTH B OUMCTKE CTOUHLIX BOJ. Peanrnsanisa HAHOTEXHOJOTHUHA B IIPOU3-
BOJICTBE OUHCTKHU BOJbI ABJIAETCSI OSHUM M3 IIEePCIEKTUBHBIX HAIIPaBJICHUH
yAy4llleHns KauecTBa ouncTKU. Tak, B pabore [9] mpeasaraercs OJist OUUCT-
KU CTOYHBIX BOJ, COAEPIKAIIUX IITUPOKUI CIIEKTD 3arpA3HAIONINX BEIecTs,
MIPUMEHATh COPOIMOHHYI0 OUMCTKY C IIOMOIILI0 HAHOMOAN(MUIITMPOBAHHBIX
MIPUPOAHBIX COPOEHTOB — HAHOAKTHMBUPOBAHHOTO KOMILJIEKCa M3 IIe0JIUTa
1 guaToMuTa. I8 OIPpUPOSHBIX I[E0JNTAa U JUATOMITA IIPUCYIIIA IIOBBIIIIEH-
Has MOHOOOMEeHHAas eMKOCTb, CIIOCOOHOCTh OOMEHUBATLCS KaTHOHAMU, He-
BBICOKAs ITeHa U PacIIPOCTPAaHEHHOCTD.

OCHOBHBIM KOMIIOHEHTOM BBIOPAHHBIX IPUPOSHBIX COPOCHTOB ABJIAETCS
oKcuI KpeMHUs. Ero comepskanue B nuaromute goxoaut a0 80% , B meosu-
Te OKcHUga KpeMHUa 0K0Jio 710% . B manmHBIX MUHepaax coaep KaTcs TaKKe
OKCHUIBLI aJIIOMUHUA, JKejesa, TUTaHa, KaJbIlid, Marius, HaTpusd, KaJausd,
IPYTHe OKCUIBI.

ITo mpepJyioxkenHO¥ MeToauKe [9] ObLIM TPOBENEHBI UCTILITAHUSA HaA aj-
COPOIIMOHHYIO CIIOCOOHOCTEL COpPOeHTa K HAMOOJBIITUM KOHIIEHTPAIIUAM Ts-
JKeJIbIX MEeTAJIJIOB B CPABHEHUU C KOHIIEHTPAIIMAME Ha BHIOPAHHBIX XO3M-
CTBYIOIIUX CYOBEeKTaX, IPUBEAEHHBIX B Ta0a. 1. Pe3yabTaThl MCIBITAHUIA
IIpUBeIeHbI B Taba. 2.

CremeHsb U3BJIeUEHNA BLIUNCJIAIN II0 YPABHEHUIO:

a=(C, -C_)-100/C_|, (1)

BBIX

rae C — MCXOAHAA KOHIEHTpauusa npumecu, C— BBIXOJHAA KOHIEH-
TpaIisa IPUMECH.
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Tabauua 2
Pe3yabTaThl COPOLIMHU TAKEJIBIX METAJNJI0OB, HAHOAKTUBUPOBAHHBIX
KOMILJIEKCOM IIPUPOIHBIX COPOECHTOB

N3Baexaemoe pH=3-11 o
a, (%)
LTSN C,.oMr/a C_ ., mr/xa
Fe 200 0,1 99,9
Cu 15 0,15 99
Zn 27 0,15 99,4
Cr_, 105 0,1 99,9
o6y

Ni 5 0,01 99,8
Pb 5 0,01 99,8
Cro+ 5 0,01 99,8
IIpoune 10 0,01 99,9

Kax cBumeTenbCTBYIOT maHHBIE TabJ. 2, pe3yJibTaThl NUCIIBITAHUS Ha-
HOMOIU(PUIITMPOBAHHOTO cOpOeHTa Ha aJCOPOIMOHHYI0 CIIOCOOHOCTD IO OT-
HOIIIEHUIO K U3BJIEKaeMbIM BEII[eCTBAM II0OKA3aJIil, YTO 9TOT COPOEHT MOIKET
OBITH YCIIEIITHO IPUMEHEH IJIA OUNCTKU CTOUYHBIX BOJ OT MOHOB TSAKEJBIX Me-
rajaoB. Takum obpasom, MeToauKa [9] oUMCTKY ITPOMBIIILJIEHHBIX CTOUHBIX
BOJI OT TSAYKEJILIX MeTaJJIOB sABJIAeTcA Hanbosee ap(peKTUBHOM.

IIpennaraercsa BHeaApeHNE BOAOOOOPOTHBIX ITUKJIOB, IOCTPOEHHBIX HA OC-
HOBE CHCTE€M MHOT'OCTYII€eHUAaTO! OUNCTKY, IPeIIosKeHHo B padoTe [10] ¢ uc-
MMOJIb30BAaHNEM HAHOAKTHUBUPOBAHHBIX KOMILIEKCOB IIPUPOAHBLIX COPOEHTOB,
a TaKJKe ITIOBTOPHOE MCII0JIb30BaHNE OUUIIEHHBIX BOJ B 000POTHBIX CHUCTEMAX
oxJIasKaaroniel Boabl u aAp. lanmHad cucreMa sABJIAeTcA HamboJsiee SKOHOMU-
yecKu 9(p(peKTUBHBIM CIIOCOO0OM OUUCTKU CTOUHBIX BOJ IJIA XO3AUCTBYIOITUX
cyO'bEKTOB, MPUHITUIINAIbHAS cXeMa KOTOPhIX YKasaHa Ha puc. 1.

B orTsinume oT IpAMOTOYHOM CUCTEMBI BOJOCHAOKEHUS, KOTOPasA 00bIU-
HO IIPUMEHsEeTCA IIPU MaJIOM BOAOTOTPEOSIeHNN 1 OJIM3KOM PACIIOJIOMKEHUNU
WCTOYHUKA BOJBI, MMOJITHASI 000POTHAA CHUCTeMa BOJOCHAOMKEHUA IpeaycMa-
TPUBAET BO3BPAT MUCIOJb30BAHHON BOABI B IPOU3BOACTBEHHBIN ITUKJI. Tex-
HOJIOTUU, IIO3BOJIAIONINE BO3BpAIllaTh OUUIIleHHbIEe CTOUHBIE BOJABI UJHU pe-
reHeprUpoOBaTh TEXHOJIOTMUYECKUE PacTBOPHI, UMEIT OTPOMHOE 3HaueHUe.
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IIpoussoacTso

A

CEREEEES OxJaxxaenne

MHorocryneHyaras
OuHCTKA -

Puc. 1. Cxema 3aMKHYTOTO BOTOOOMEHHOTO ITUKJIA

Bousbiass yacTb COBPEMEHHBIX XO3AMCTBYIOIINX CYOHEKTOB SBJIAETCA aK-
TUBHBIMHU IIOTPEOUTEIIMY BOAHBIX pecypcoB. I[J1sg 9KOHOMUYECKOMN 1 9K0JI0-
TUYeCcKOM I1e1eCO00Pa3HOCTH JIYUIITe OTAATD ITPEAIOUTEeHE IIPOTPECCUBHOMY
coco0y 000POTHOTO BOJOCHAOMKEHMUs, ITOAPa3yMeBaloIeMy MHOTOKPAaTHOE
HUCIIOJIb30BaHUeE 3TOro pecypca. IIoBTOpHOE MCIIOJIb30BaHME OTPa0OTAHHBIX
CTOUYHBIX BOJI IIOCJIE UX OUMCTKM Ha TeX K€ TEeXHOJIOTMYECKUX OIIepaIuax
WJIU OJIA IPYTUX IIPOUBBOJCTBEHHBIX HYMK ABJIAETCA OOHUM U3 d3(PPeKTrB-
HBIX ITyTell YMEHbIIeHU KOJIMUYECTBA IPOMBIIIJIeHHBIX CTOKOB, cOpachiBae-
MBIX B BOJIOEMBI, 4 TAaK:Ke CHUMKEHUA 3aTPaT HA X03ANCTBYIOIINX CYObEKTaX.

I'staBHBIMU IpeUMYIIleCTBAMU MHOTOCTYIIEHUATHIX CCTEM B 3aMKHYTOM
BOJIOOOOPOTHOM IUKJIE IS OUMCTKU IIPOMBINIJIEHHBIX CTOKOB C MCIIOJb30-
BaHMEM HAHOMOAU(MPUITMPOBAHHBIX IPUPOIHBIX COPOEHTOB ABJIAIOTCA: BO3-
MOKHOCTH OJHOBPEMEHHOTO yIaJIeHUsS PA3JIUUYHBIX COEIMHEHUHN TAMKEJbIX
MEeTaJIJIOB B OOHY CTAQAWIO, COENMHEHUA TAMKEJbIX METaJJIOB KJIATPATUPY-
I0OTCA B BHUJE KPUCTAJIJINYECKNX HEBBIMIEJIAUNBAEMBIX ITPOAYKTOB, HAPAILY
C PAcTBOPEHHBIMU TSMKEJBIMH MeTaaaMu 3(P(PeKTUBHO yIaaATCA IOUC-
IIeprupoBaHHBIE B3BEeCU U SMYJbI'MPOBAHHBLIE 3arpsA3HEHUs, IIPOIECC He
YYBCTBUTEJIEH K BIUAHUIO IPYTUX COJIel, KOTOPbIE MOTYT IIPUCYTCTBOBATH
B CTOKAaX B 00JbIINX KOHIIeHTpanuax [11-20].

PesynbpTaThl UCTILITAHUA HOBOM CUCTEMBI OUMCTKY JOKa3aJI OOJIBIITYIO
2((PEeKTUBHOCTH B CDABHEHUMU C UCIIOJIb3YEMBIMU B X03AHCTBYIOIIUX CYOhEK-
tax Poccun, CIITA u Uspaunsa. Crenens ussiaeuenus [10 cocrasiasaer 99,9%
B COUETaHUU C BBICOKOI 9KOHOMUYECKOoH ap(pekTuBHOCTHI0. Kpome Toro, mpu
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HUCIIOJIb30BAHUY IPEAJIOKEHHOT0 COPOEHTa He TPOUCXOAUT BHICBOOOKIEHME
TSAMKEJBIX METAJJIOB, a IPOIeCC MOTJIOMIEHUA TAMKEJIbIX MEeTAJJI0B aKTUBHO
IIPOIOJI}KAETCA.

AHajnn3 COBPEeMEHHOT'0 COCTOAHNS OUNCTKN CTOUHBIX BOJ OT TSMKEJBbIX
MEeTaJLJIOB Ha BLIOPAHHBIX XO03AHUCTBYIOIINX CYObeKTaxX IPUBOAUT K 3aKJIIO-
YeHUIO O IePCHEeKTUBHOCTY IIPUMEHEeH! Pa3spadoTaHHON CUCTEMBI OUMCTKHI
Ha OCHOBE HAHOMOAU(DUIIMPOBAHHBIX NPHUPOIHLIX COPOEHTOB, a TaKKe II0-
3BOJIAET PEKOMEHI0BATh UX IJIsI MPAKTUYECKOT'O NCIIOJIb30BAHUSA AJISI OUUCT-
KM CTOUHBIX BOJ Ha X03AHCTBYyWOMINX cyobeKTax Poccun, CIITA u Uspanas.
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