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CATALYTIC PURIFICATION AND WAYS FOR UTILIZATION OF FURNACE GAS OF
PHOSPHORUS PRODUCTION

Abstract: The furnace gas of electrothermal production of yellow phosphorus contains up to 95% CO, 2%
O, and 0.3-4% impurities of phosphine, yellow phosphorus, and hydrogen sulfide, which are characterized
by flammability, explosion hazard, corrosiveness, and high toxicity. Due to the presence of toxic impurities,
the use of waste gases from phosphorus furnaces as chemical raw materials and/or process fuel is difficult.
At existing phosphorus plants, furnace gas is burned at a «candle» and is a source of atmospheric pollution.
The authors propose the way for purification of furnace gas by oxidizing phosphorus- and sulfur-containing
impurities using a catalyst based on copper complexes in the ammonia environment in presence of oxygen
contained in the furnace gas as an oxidizer. That allows carrying out the purification process under mild
conditions. The degree of purification of the model furnace gas from P- and S- components is 66-96%
depending on the process conditions. Concentration of impurities after cleaning is much lower than the
maximum permissible emissions.

Part of the purified furnace gas, which is mainly carbon monoxide, can then be used to generate hydrogen
by means of a water gas shift reaction (WGSR) over the synthesized medium-temperature Fe-Cu-containing
supported catalysts. Under atmospheric pressure, 300°C, and H,O/CO=1+1.5 ratio, the CO conversion degree
in WGSR over the synthesized Fe-Cu-containing catalyst gets 94.7-96.8%. The resulting gases composed
basically hydrogen and unreacted carbon monoxide in amount of ~ 94-96 and 4-6 vol.% respectively then
can be mixed with the certain volume of purified carbon monoxide to obtain the synthesis gas with a desirable
ratio to produce for example the synthetic liquid hydrocarbons or methanol.

Phosphine removal from waste and process gases is especially important for the ecology of the southern
regions of Kazakhstan, where the phosphorus production plants are located.

Key words: Furnace Gas of Phosphorus Production, Catalysts, Purification, Phosphine, Carbon Monoxide,
Synthesis Gas.

Introduction. The phosphorus industry in Kazakhstan has a complete technological cycle from the
extraction of phosphorite ore to the production of yellow phosphorus. In the electrothermal production of
yellow phosphorus, for 1 ton of marketable product up to 3500 m® of the furnace gas containing up to 95%
CO, 8% H,, 2% O, and 0.3-4.0% phosphine impurities (PH,), yellow phosphorus (P,) and hydrogen sulfide
(H,S) is formed.At the production of 4-5 thousand tons of phosphorus per month, the volume of furnace gas
reaches 12-15 million m*.The main part of furnace gas is high-value carbon monoxide [1]. Due to toxic,
flammable, and explosive impurities, the furnace gas is not used and burned in a flare, this is environmentally
harmful and economically unprofitable. To use the furnace gas as a chemical raw material or process fuel, it
is necessary to neutralize the harmful phosphorus-containing compounds.

The problem of complex utilization of gas emissions from phosphorus furnaces has not yet been resolved
in practice. The complexity of cleaning the furnace gas from phosphorus-containing impurities is caused by
the large volume of emitted gases with a low content of recoverable components. A literature review shows
a relatively small amount of research in the field of purification of furnace gas of phosphorus production,
that can be explained by the relevance of this problem only for regions producing yellow phosphorus. There
are only four major producers of yellow phosphorus in the world — China, the USA, the Netherlands, and
Kazakhstan. The main recent publications are in China [2-8].
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The general methods of existing technologies for the efficient processing and utilization of all types of
industrial wastes are mechanical destruction, high-temperature incineration, thermal neutralization, etc.
Complex utilization of solid, liquid, and gaseous wastes of electrothermal phosphorus production takes place
at high temperatures of 1300-1600°C [9-12]. At the phosphorus production enterprises for neutralization
of thefurnace gas and its further use as a fuel, the oxidation process of toxic impurities is carried out at
a temperature of 170-300°C and a tenfold excess of oxygen [13]. Absorption solutions with a selective
actionand in some cases the unwanted corrosive reagents are used for cleaning the furnace gas [14]. The
phosphorus-containing impurities unlike accompanying acid gases are characterized by inertness in basic
media and consequently are not absorbed by alkali solutions. In addition, the oxidation reactions of PH, and
P, with oxygen at low temperatures do not occur in the absence of a catalyst [1, 5, 6, 15].

The method for neutralizing furnace gas proposed by the authors is based on the principles of metal
complex catalysis. This allows to oxidize the phosphorus-containing impurities under the mild conditions at
40-60°C using oxygen of the furnace gas [16].The cleaned furnace gas represented itself carbon monoxide
can be used as a high-calorific fuel for the needs of phosphorus production or can be converted into a valuable
chemical raw material. One of the chemical ways of using carbon monoxide is producingthe synthetic liquid
hydrocarbons via the Fischer-Tropschsynthesis (FTS) (Eq.1) or oxygenates. The hydrogen required for FTS
process can be generated by the water-gas shift reaction (WGSR) (Eq.2).

2o + Oy + D —/———— T Hayy + nHpO 1)

OO+ Hpd ————= Oy + Hy Ly

The proposed purification method for furnace gas allows producing the mineral fertilizers by the low-
temperature catalytic oxidation of P- and S-components and the purified carbon monoxide to generate
hydrogen bythe WGSR.Synthesis gas resulted in mixing hydrogen formed with purified carbon monoxide
may be used to produce the final commercial products — synthetic liquid hydrocarbonsby the Fischer-Tropsch
reaction on the catalysts synthesized by the authors [17]. This methoddistinguished by simplicitycontributes to
energy saving, utilization of technogenic waste, and the production of value-added products without changing
the existing technology for producing yellow phosphorus.

This work deals with the study of the low-temperature purification of the furnace gas of phosphorus
production from the toxic P- and S-impurities and studying the WGSR to producehydrogen overthe catalysts
developed and synthesized by the authors. The results of studying the reaction of catalytic oxidation of
phosphine as the most toxic and poorly studied investigated agentis described in more detail. Purification of
waste and process gases from PH, is especially relevant for the ecology of the southern regions of Kazakhstan,
where phosphorus production plants are located.

Materials and methods. The catalytic oxidation reactions of PH, and H,S were investigated according to
the known methods [15-16]. For phosphineoxidation, the ammonia copper complexes were used. The process
was studied in a flow unit including either a bubbling reactor or an isothermal vigorously shaken reactor
supplied with a device for measuring the redox potential and a rotameter for measuring the gas velocity. The
initial mixtures of CO/PH,/H,S/Ar gases with the varied ratiosclosed to the composition of the furnace gas
of phosphorus production were prepared in advance. The volume of the reactor and the volume of the liquid
phase were 150 ml and 10 ml respectively. The reactor with an aqueous ammonia and CuSO,solution was
purged with argon for 10 min and then the initial gas mixture was passed through reactor, which was shaken
at certain rate, and the redox potential was measured. The parameters such as the duration (, min), redox
potential (, V), the rate of absorption of PH, (W, mmol/L*min), the amount of absorbed PH, (Q, mmol/L)
were measured. Composition of the liquid and gas phases was periodically analyzed.The test was carried out
until PH, was completely absorbed. The rate was judged by the consumption of PH, and the accumulation of
the product. PH, was obtained by acid decomposition of Zn,P, and dried over granular NaOH. Gas analysis
for PH, content was carried out by iodometry and colorimetry methods. The stationary redox potential of the
experimental copper solution was continuously measured during the process using a pH-121 millivoltmeter
and a device consisting of calomel and platinum electrodes with a thin section moistened with KCI solution
as an electrolytic salt bridge.

Furnace gas after complex purification from P- and S-impurities represents practically pure carbon
monoxide with minor (<< MPE — maximum permissible emission) toxic impurities as well as containing up
to 1.2% hydrogen. Hydrogen — the end product of the WGSR (Eq. 2) does not need to be removed. According
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to the proposed scheme a part of the purified carbon monoxide, namely 2/3 may be used for the water-gas
shift reaction to generate hydrogen — a component of synthesis gas, which is a source for the production of
synthetic liquid hydrocarbons (Eq. 1).

The water-gas shift reaction was carried out in a flow reactor using the synthesized Fe-Cu/Al O, catalyst
underatmospheric pressure,temperature — 300-320°C, H,0/CO=1+2, and space velocity (V,) — 1000 h™'. The
content of the active phase Fe+Cu was 10-20% by weight of the catalyst. The catalysts were prepared by the
traditional method — impregnating aluminum oxide with solution of the corresponding metalsalts. The initial
and final products were analyzed by gas chromatography using chromatographs with a thermal conductivity
detector (Chromatek-Crystal-5000 andChromatek-Gazochrom-2000 on columns filled with Hayesep N,
NaX, CaX; carrier gas — Ar). The degree of conversion of carbon monoxide (X (CO)) was determined by
the following formula, where CO, and CO_ are the molar concentrations of CO at the inlet and outlet of the
reactor, respectively:

Results and discussion. Phosphine removal. Phosphorus-containing impurities in contrast to acidic ones,
which are extracted by liquid or basic sorbents, can be removed only as a result of oxidation processes. The
use of metal complex catalysts allows carrying the process under mild conditions — low temperatures and
without excessive pressure. We have found that copper salts are effective catalysts for the oxidation of PH,by
oxygen at 40-60°C in an ammonia environment with the formation of diammonium phosphate, which is used
as a fertilizer (Eq.3):

Cuy
PH; + 20, + 2NH,OH —* (NH)HPO, + 2H0 ®

X=4J, 1250,

Reaction (Eq.3) was carried out periodically in two stages: phosphine was oxidized in aqueous solutions
of copper ammoniates (Eq.4),

PH; + 4CuXp + ONH,OH —= (NH)HPO, + 4Ca + SNHX + 6HyO (@)

with subsequent regeneration of copper by atmospheric oxygen(Eq.5-6):

Cu + CuX? ==—— ICuX (3]

4CuX = Oz + 4NHaX = ZH20) — 4{uX:2 + 4MH40OH (6]

An aqueous solution of copper ammoniates intensively absorbs even the trace amounts of phosphine by
reaction (Eq. 4), which has an autocatalytic character associated with the formation of copper (I) during the
process. The catalytic effect of Cu (I) ions is due to the formation of phosphide complexes characterized by a
higher activity than the phosphine molecule.

The reaction rate grows with increasing PH, concentration. Optimum is achieved at pH = 7.5-8.0, when
copper diamines (II, I) dominate in the system. After treatment by air, the catalytic solution is quickly
regenerated and gets their original properties. In the presence of an insignificant content (3-5%) of Cu(Il)
ions, which contribute to the formation of copper (I), the regeneration process is accelerated.Oxidation of
Cu (I) with oxygen proceeds much faster than oxidation of Cu(0), the rate of reaction (6) increases with
increasing ammonia concentration. The absorption of phosphine from an oxygen-containing gas mixture
by a copper-ammonia solution proceeds more efficiently at 60°C, pH = 7.5-8.0 and Cu(Il)/Cu(l) ~ 1.0. The
oxidation of PH, with oxygen (Eq. 3) consists of two key stages: the reduction of copper (II) diamines and
the oxidation of the reduced form of copper by oxygen. The first stage is accelerated by copper (I) amines, the
second by copper (II) acidoamines.

The process is carried out at a stationary rate, when the ratio O,/PH,> 2 and the rates of oxidation PH,
(W,,;;) and regeneration of copper (II) ions by oxygen (W ,) are equal. The reaction rates were compared
according to the values of the redox potentials of the systems (Fig. 2*°). As a result of long-term operation, the
accumulation of diammonium phosphate (NH,),HPO, occurs. Its excess floats up at decreasing temperature
to 25°C and can be easily removed from the solution surface.
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Figure 1- Conversion (a) and potentiometric (b) curves of PH, oxidation by oxygen in a copper-
ammonia solution at 60°C; PH, content - 3.6 mg/m?; 0, -0.2 vol.%; NH,OH - 0.08 mol/L; CuSO,: 1 -
3.5-10%2-5.0-102 3 - 8.0-10, mol/L.

We have applied a copper-ammonia method for purification of a model gas, which is close to composition
of the phosphorus production furnace gas in mild conditions. The model gas was purified by two solutions:1)
ammonia to absorb hydrogen sulfide with the formation of sulfate and 2) copper-ammonia to oxidize phosphine
to ammonium phosphates. Carbon monoxide, which is part of the furnace gas, does not react with the copper-
ammonia solution under these conditions. The maximum feed rate PH, was selected so that the degree of
purification was within 80-90%. When PH, is absorbed, the catalytic solution undergoes regeneration with
oxygen to get its initial activity.In a shaking reactor, 20 cycles were carried out at a space velocity of 100-
540 h', the absorption time of PH, was 35-120 minutes, and the regeneration time was 30-100 minutes. In
the bubbling mode, 8 cycles were carried out at a space velocity of 36-72 h™', the absorption time of PH, was
250-750 minutes, and the regeneration time was 30-240 minutes.

The comparative data on purification of model gas mixturesclosedtocomposition of a real furnace gas from
P- and S-components are presented in Table 1. The degree of neutralization from toxic components is varied
within a range of 66-96% depending on gas composition. The concentrations of impurities after treatment are
282 and 176 mg/m’ for PH, and H_S respectively. Thisis much lower than the values of maximum permissible
emissions (MPE, mg/m?). The catalytic solution worked for 5 hours and purified 300 liters of gas and did not
lose activity.

Hydrogen production by WGSR. Part of the purified carbon monoxide can be directed to the production
of hydrogen and the remaining CO can be used to meet the needs of production in clean fuel and/or partly
to be added to the generated hydrogen in order to obtain the synthesis gas with the required composition and
amount.To produce hydrogen, the study of water-gas shift reaction (WGSR)— converting carbon monoxide,
which is the main component of purified furnace gas, was carried out.

Table 1 — Complex purification of the model gas mixtures from P-, S- impurities by copper-ammonia
solution

Time, h Quantity of Components Content, mg/m® Purificationdegree,%
cleaned gas, | Beforecleaning | Aftercleaning
2 120 PH, 166 19 89
H.,S 1400 50 96
5 300 PH, 44 3 93
H.,S 400 100 75
5 300 PH, 35 2 94
H.S 290 100 66
CO content - 90-95%

The polymetallic catalysts based on the main components HT (high-temperature) and LT (low-temperature)
catalysts, Fe and Cu, supported on aluminum oxide were synthesized and studied. The content of the active
phase Fe-Cu =10-20 wt. %, and the ratio of the components Fe:Cu = 1:1.
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Dependence of the degree of conversion of carbon monoxide — X(CO) on temperature onFe-Cu(1:1)/
ALQO, the catalyst has extreme character. At temperatures above 300°C, both the CO conversion and the
hydrogen yield decrease. No products other than hydrogen and carbon dioxide were observed under these
conditions. The degrees of conversion of carbon monoxide at an optimal temperature of 300°C and a ratio
of H,O/CO = 1/1 are 95.7 and 97.4% over catalysts containing 10 and 20% of the active phase respectively.

In Table 2 the data on the effect of the ratio of H,O/CO on the CO conversion over 10-20%Fe-Cu(1:1)/
AL O, catalysts are presented. The optimal ratio of H,O/CO, when the degrees of CO conversion reach 96.8-
97.4%, for both catalysts is 1.5. The reaction products are hydrogen and carbon dioxide, the selectivity is
100%.

Table 2 — Effect of ratio of H,O/CO on CO conversion in WGSR over Fe-Cu(1:1)/AL O catalysts
(P=0,1 MPa, V =1000 h™)

H,0/CO t, °C X, %
10%Fe-Cu (1:1)/AL0, 20%Fe-Cu(1:1)/ALO,

) 300 95.7 97.4
310 95.5 94.3

L5 300 96.8 97.4

’ 310 95.9 96.8

) 300 94.9 97.1
310 94.7 95.8

It should be noted that for the further use of the resulting gas mixture in the Fischer-Tropsch process, the
amount of the remaining unreacted CO does not matter, since the latter is the main component of the synthesis
gas. Therefore, the hydrogen production process will be a one-stage process over these catalysts. No needs
in complete CO conversion.

Conclusion. A copper-ammonia method was developed for purifying the furnace gas of phosphorus
production from phosphine and hydrogen sulfide. The optimal composition of the catalytic solution and
temperature regime to produce mineral fertilizers from P-, S-containing toxic impurities were selected.

According to the data obtained, ammonia complexes of copper in an aqueous solution carry out the process
of PH,oxidation to ammonium phosphateswith high rate. The optimal conditions for the process have been
established as: 40-60°C; the molar ratio NH,OH/CuX, in the catalytic solution should be not higher than 5-6
and pH is 7.5-8.0.

The degree of purification of the model furnace gas from P- and S-components was 66-96%. The
concentration of impurities after cleaning is significantly lower than the values of the maximum permissible
emissions.

The high reactivity of the catalytic solution allowsrecommending its use in phosphorus plants for purifying
furnace gas from PH, and H,S and obtaining purified carbon oxide.

94-97% of carbon monoxide is converted into hydrogen by means of a WGSRusing the medium-
temperature iron-copper containing catalysts. Hydrogen can be added to the purified carbon oxide to obtain
syngasto be used for further production of synthetic liquid hydrocarbons.

Hopaumosa JK.V.!, IToaumoberosa I.C.!, Bopanrasuesa A.K.', Utkyiaosa II.C.!,
Boueyoaes E.A.!

!J1.B. Cokonbckuit atbiaiarsl JKanapMaii, KaTamus skoHe dIeKTPOXUMUS HHCTHTYThI AK;
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OOCPOP OHAIPICIHIH IEILI I'A3bIH KATAJIMTUKAJIBIK TA3AJIAY )K9OHE OHbI
OJAH OPI KOQJEI'E ’KAPATY KOJIIAPBI

AnHotanus. Capsl GochopIbIH AMEKTPOTSPMISIIBIK, OHAIPICIHACT] Helll Ta3bIHbIH KypaMblHaa 95% - Fa
neiiin CO, 2% O, xone 0,3 - 4% docdun, capsl hocdop, KyKipTTi cyTeri Kocnanapsl 6ap. Onap epr xoHe
’KapbUIBIC KayMiMeH, KOPPO3USUTBIK OSJICEHALTIK TIeH KaHE JKOFaphl YHITTBUIBIK ITeH cumarTtanaasl. docdop
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MEIITePiHeH IIBIFAThIH ra3fapAbl XUMUSUIBIK ILIMKI3aT >KOHE TEXHOJOTHSJIBIK OTBHIH PETiHAE Maiijanany,
OJIapIbIH KYpaMbIH/Ia )KOFapblAa aTajFaH KocraiapbiH OoTyblHa OaiiaHbICTEI KMBIH KoJAaHbIcTarsl Dochop
3aybITTapbIHAA Ka3ip Meml ra3bl “maMia’ )Karbulabl )KoHe arMocdepaHsbl JacTay Ke3i OOJBI Ta0blIa bl

ABTOpIIap aMMHAKTBI OPTAaFbl MBIC KEIICHAEPIHE HET13/1eMITeH KaTaIu3aTop bl KOJIIaHa OTHIPHII, hochop
MEH KYKIPT Oap Kocmajgapabl TOTHIKTBIPY apKbUIbI MELI Ta3blH Ta3apTy OMAICiH, all TOTBIKTBIPFBIII PETiHAE
eI ra3blHAAFbl OTTETiH KOJAaHY[bl YChIHAIBL. Byl TazapTynbl sKyMcak >karfaiija >Kyprisyre MyMKiHIIK
Oepexni. [Ipouecc xarnaiapbiHa OaillaHBICTBI MOAEIBIIK MEMI Ta3bIH P- jkoHe S-KOMITOHEHTTEpiHEH Ta3apTy
nopexeci 66-96% kypaiinel. Tazamayman KeWiHTT KocHalap[blH KOHIEHTPAIUSACHI MIEKTI PYKCaT eTLIreH
KOHLCHTPALMSaH JI/I¢ Kaiia TOMEH.

HerizineH kemipTeri TOTBIFBI OOJIBIT TAOBLIATHIH Ta3apThIJIFAH eI Ta3bIHBIH Oip 06JIiTiH 013 CHHTE3/IereH
Fe-Cu kypamzapl opra Temmeparypaibl OCKITIITeH KaTajau3aTopiapia Cy Ta3blHBIH BIFBICY PEAKIHSCHI
(WGSR) apkpuibl CyTeKTi aly YLIiH maiinamnanyra Oomansl. ATMocdepanblk KeickiM, 300°C ke3inae xoHe
HZO/CO=1+1,5 KaThIHACBIHJA CUHTe31enTeH Karaiam3aropaarbl WGSR-ne CO KOHBEpCHSCHIHBIH JeHTell
94,7-96,8% »xeteni. HerizineH cyTeri MeH peakiusra TYCIEreH KOMIPTEri TOTBIFbIHAH TYPAThIH aJbIHFaH
raznapelH ~ 94-96 xoHe 4-6 xein. % coliKeciHIle, CHHTETHKAJIBIK CYHBIK KOMIPCYTEKTEp HEMece METaHOJ
aJTy YIIiH KaXeTTi KaThIHACKI 0ap CHHTE3 Ta3blH ally YIIiH Ta3apThUIFaH KOMIpTEri TOTHIFBIHBIH Oenrini Oip
KeJIEMIMEH apayacTbIpyFa 0omajbl.

docdop eHipiciHEH NIBIFATHIH KOHE TEXHOIOTUSIIBIK ra3aapabl GocUHHEH TazapTy (Hocop 3aybITTaphl
opHayackaH Ka3akCTaHHBIH OHTYCTIK ©HIPJIEPiHIH SKOJIOTHSICHI YIIH €PEeKIIe 03€KTi.

Ty#ingi ce3nep: dbochop eHmipici mem rasbl, Karaamsaropiap, Ta3apTy, PocuH, KeMipTeri OKCHI,
CHHTE3 T'a3.
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KATAJIMTUYECKOE OBE3BPEKUBAHUE ITEYHOI'O I'A3BA ®OC®OPHOI'O
MMPOU3BOJICTBA U IIYTHU EIr'0 JAJIbHEUIIEN Y TUJIA3AILIUUA

AnHoTanus. [[e4Hoil ra3 aeKTpOTepMUYECKOTO IPOU3BOACTBA X)KenToro hochopa conepxurt 1o 95% CO,
2% O, n 0,3-4% npumeceii pocduna, xenroro Gochopa, CEpOBOAOPOA, KOTOPBIE XaPAKTEPU3YIOTCS MOKAPO-
1 B3pBIBOOIIACHOCTBI0, KOPPO3UOHHOW aKTUBHOCTBIO U BBICOKOM TOKCHYHOCTBIO. VICTIONb30BaHNE OTXOSAIINX
ra3oB (pocOpHBIX Ieyell B KaueCTBE XUMHUYECKOTO CHIPbsi M TEXHOJIOTHUECKOTO TOIIMBA 3aTPyAHEHO M3-32
HaJIMYUS B UX COCTaBE BBILIEyKa3aHHBIX NpuMmecedd. Ha cymecTByronmx ¢ochopHbIX 3aBoAax MEYHOH Ta3
COKUTACTCS Ha «CBEUE» M SIBIISICTCS UCTOYHUKOM 3arpsi3HEHUS aTMOC(EPHI.

ABTOpaMH MPEJIOKEH CIIOCOO OYMCTKU TEYHOrO Tasa IyTeM OKHCIeHUs (Gocdop- U cepocopepKainx
MpUMECEH ¢ NCIONIb30BaHUEM KaTaJln3aTopa Ha OCHOBE KOMIUIEKCOB MEJIM B aMMHAuyHOH cpefie, a B KaueCTBe
OKHCIIUTEIISI UCTIONB30BaTh KUCIIOPO, COIEPKAILMICS B IEUHOM Ta3e. DTO IMO3BOJIAET IPOBOAUTH OUUCTKY B
MATKUX YCI0BUAX. CTENEeHb OYNCTKU MOJIENBHOTO TOIOYHOIO Ira3a oT P- 1 S-KOMIIOHEHTOB cocTaBiseT 66-
96% B 3aBUCHUMOCTH OT yciI0BUH nponecca. KoHneHTpanus npumecei nocie ouucTk HaMmHoro Hike [1JIK.

YacTb OUMILEHHOTO [IEYHOT'0 ra3a, KOTOPBII NpeaCcTaBisieT COO0H B OCHOBHOM MOHOOKCH/I YITIEPO/Ia, 3aTeM
MOYXKHO HCTIONIB30BaTh JUISI MOJIyYeHHUsI BOJOPO/A MTOCPEICTBOM peakiuu casura BoasHoro raza (WGSR) Ha
CHUHTE3UpPOBAHHBIX HaMM cpeaHeremnepaTypHbix Fe-Cu-copep:kalux HaHECEHHBIX Karanusaropax. llpm
armocepnom nasnenuu, 300°C u coornomennn H,O/CO=1+1,5 crenensr xonsepcun CO B WGSR na
CHUHTE3UPOBAaHHOM KaTtaynm3arope gocturaer 94,7-96,8%. IlomydenHsle raspl, COCTOSIIIME B OCHOBHOM W3
BOJIOPO/Ia M HENPOpEearupoBaBIlero MOHOOKCH A yIiepoa B KoaruecTse ~ 94-96 1 4-6 06.%c00TBETCTBEHHO,
3aTeM MOTYT OBITh CMELIaHbl C ONPEACICHHBIM O0bBEMOM OYMIIEHHOTO MOHOOKCHJA YIVIepoaa [uis
MOJTYYEHUs] CHHTE3-Ta3a ¢ KeJaeMbIM COOTHOLICHUEM AJISl MOTYy4EHHsI, HAIPUMEDP, CHHTETUYECKHUX JKUAKHX
YIJIEBOAOPOJOB WJIM METAHOIA.

OuncTKa OTXOASAIIMX U TEXHOIOTUYECKHX I'a30B OT pochrHa 0COOEHHO aKTyalbHa JUIsl SKOJIOTHUH I0KHBIX
peruonoB Kazaxcrana, rjae pacroiaokeHbl 3aBO/IbI 110 POU3BOACTBY (ocdopa.
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