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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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DISPOSAL OF LEAD PRODUCTION WASTES
BY EXTRACTION OF LEAD AND ZINC OXIDES

Abstract. Information is given about the need to dispose of waste from the Shymkent lead plant in the form of
slags, which have accumulated about 2 million tons. It is proved that lead production slags contain a large number of
toxic compounds, such as lead, zinc, osmium, and cadmium, which are dangerous sources of environmental
pollution.

According to the results of X-ray diffractometric analysis and DTA, it was found that the slag of lead produc-
tion contains a fairly high number of non-ferrous metal compounds: the content of lead oxide up to 2 %, zinc oxide
up to 17% and copper oxide up to 1.25% of the total weight of the sample. The qualitative composition and content
of non-ferrous metals of lead slags makes it possible to make the process of recycling toxic waste from lead
production technically and economically feasible.

The results of preliminary tests allow us to select a technology for more complete and selective extraction of
lead and zinc oxides from the slag waste of lead production. When using a selective method for extracting non-
ferrous metals, it is expected to improve the ecological state of the environment and reduce the negative impact on
human health due to the disposal of toxic slags from lead production. At the same time, a significant contribution is
made to the development of the system of rational use of natural and secondary resources.

Keywords: waste, lead waste, toxic compounds, lead and zinc compounds, environmental pollution, toxic
waste processing, waste disposal

Introduction. On the territory of South Kazakhstan region (now Turkestan region), in the city of
Shymkent during the 30s of the last century, a lead plant for the production of lead operated. Even after its
closure, the plant is environmentally unsafe. The technologies used at the plant were inferior in efficiency
to modern analogues. The mined ore had a high lead concentration, which allowed the plant to neglect the
residual metals in the slags due to their relatively low concentration. As a result of the activity of the
enterprise, about 2 million tons of wastes in the form of lead slags have been accumulated [1-3]. Due to
the open storage of slags, the environmental expertise revealed a huge excess of the maximum permissible
concentration (MPC) of lead in the soil near the former lead plant: currently, the MPC near the plant is
more than 3000 mg/kg in the soil, and according to the standards it should be 3.2 mg/kg. According to the
analyzes carried out in all plant samples, the norm was exceeded from 1.83 to 8.13 times [4-5].

Lead production slags also contain a certain amount of potentially harmful elements, such as lead,
zinc, osmium, cadmium, which are possible environmental pollution sources. The environmental damage
of long-term storage of slag is seriously dangerous when the slag is in an acidic environment (soil pH < 4).
Shymkent soil cover contamination with lead compounds of waste slags leads to the ingress of metal into
the human body. Lead compounds negatively affect the human nervous system, which leads to a decrease
in intellect, causes changes in physical activity, coordination of hearing, affects the cardiovascular system,
leading to heart disease [6].
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Lead occupies the first place among professional intoxications, and there is a tendency to its increase.
Among workers affected by lead exposure, about 40% are women. Lead is particularly dangerous for
women as this element has the ability to penetrate through the placenta and accumulate in breast milk. As
a rule, the highest lead concentration in the atmospheric air is observed in winter, which is associated with
additional emissions of fuel combustion products into the atmosphere. Unfavorable meteorological
conditions during this period of the year also contribute to the lead accumulation in the lower atmosphere
layers. Lead enters the body through the gastrointestinal tract or the respiratory system and is then carried
by the blood throughout the body. Moreover, the inhalation of lead dust is much more dangerous than the
presence of lead in food. Lead compounds also accumulate in bones, partially replacing calcium in
phosphate. Entering in soft tissues — muscles, liver, kidneys, brain, lymph nodes, lead causes a disease —
plumbism. Like many other heavy metals, lead (in the form of ions) blocks the activity of certain enzymes.
The authors established that their activity decreases 100 times with an increase in the lead concentration in
the blood 10 times — from 10 to 100 micrograms per 100 ml of blood. At the same time, anemia develops,
the hematopoietic system, kidneys and brain are affected, and intellect decreases. This has a negative
impact on the health of the population, and especially children, who are most susceptible to lead poisoning
[7-8].

Lead can easily enter the body with drinking water if it comes into contact with metal: in the presence
of carbon dioxide, soluble bicarbonate slowly passes into the solution. It is enough that there is only one
milligram of lead in a liter of water — and drinking such water becomes very dangerous. The lead accu-
mulation is intensively carried out by fungi, mosses and lichens and bring its concentration to 64.76 ppm,
respectively. The more familiar oats and clover, already at a lead concentration of 50 ppm, begin to slow
down growth and yield declines. Lead comes from the atmosphere into the soil most often in the form of
oxides, where it gradually dissolves, turning into hydroxides, carbonates or the form of cations [9]. The
main source from which lead enters the human body is food, along with this, inhaled air plays an
important role, and in children also the lead dust they ingest. Inhaled dust is retained in the lungs by about
30-50%, its significant part is absorbed by the blood stream. Absorption in the gastrointestinal tract is
generally 5-10%, in children — 50%. Calcium and vitamin D deficiency enhances the lead absorption in
the gastrointestinal tract. On average, the human body absorbs 26-42 pg of lead per day. This ratio may
vary. About 90% of the total amount of lead in the human body is found in bones, in children — 60-70%.
In addition to lead, lead production slags contain zinc compounds, which also adversely affect the
environment: wastewater containing zinc is not suitable for irrigation of fields, and the negative zinc effect
on microorganisms and soil microfauna significantly reduces soil fertility. Many manifestations of zinc
intoxication are based on the competitive relationship between zinc and a number of other metals.
Residents of nearby areas showed a significant decrease in total serum calcium levels [10-12].

Excessive zinc ingress into the body of animals was accompanied by a drop in the calcium content
not only in the blood, but also in the bones, while the absorption of phosphorus was disrupted; as a result,
osteoporosis developed. The toxicity of zinc oxide is explained by its catalytic activity. Zinc can be
mutagenic and oncogenic. Thus, due to the great harm to the health of the population of neighboring
regions, the problem of lead production slags disposal is urgent [13-15].

At the same time, the lead plant slags are an important raw material containing various non-ferrous
metals, and at present non-ferrous metals obtained from secondary raw materials play an important role in
the overall balance of production and consumption of non-ferrous metals in the Republic of Kazakhstan:
their share in relation to the total production volume of non-ferrous metals is about 25%. For example,
lead has a high economic value and the applications of lead have changed in recent years, and now
approximately 80% of world consumption fall at the electric battery production sector. The flexibility,
density and anti-corrosion properties of lead are still actively used in the construction of tanks for storage
of caustic liquors and as protection against X-rays and radiation. Lead is used in the manufacture of paints
and pigments and other chemical compounds [16].

Other major consumer of lead is IT sector, where the metal is used as solders and additives. Due to its
unique physical and chemical properties, lead has found a place in the production of various engineering
products, such as protective coatings for buildings and structures. High corrosion resistance of the metal,
durability and ease of use are the main advantages when using it, as well as for use in medical devices for
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protection against gamma radiation, in the production of X-ray and spectrographic equipment. Lead is
included in bronzes, brasses, babbits, printing alloys [17-18].

Zinc is another non-ferrous metal offered for extraction in the lead production slag disposal process.
Zinc is also used for zincing metal products in order to give them anti-corrosion properties. Zinc is widely
used in the production of alloys (brass, cupronickel), printing materials, rolled products and zinc oxide
[19]. The demand for zinc remains strong due to the explosive growth in the production of anti-corrosion
coatings. Zinc compounds are also used in the manufacture of pigments for paints, rubber, glass and
glazes. Another important area of application is in neutralizing cosmetic pastes and pharmaceuticals. After
extraction of non-ferrous metals from slags, they can be used in the production of cement, building
materials, since the lead production slags contain FeO, CaO, SiO; in an amount of about 75-85% [20-21].

Problem statement. The research object is lead-containing slag dumps from the lead plant, which are
production costs. To determine the methods of disposal and processing of lead slags for extraction of zinc
oxide, lead oxide, there is a number of scientific works based on the need to determine the chemical
composition and quantitative content of non-ferrous metals and other compounds. The main goal of the
research is to create a highly efficient technology for processing the lead production slags, which allows to
involve the lead production slag wastes in processing as secondary resources. This, in turn, will allow to
rationally use natural resources and reduce the area occupied by the wastes.

Preliminary data on the lead production slag obtained in the production cycle showed that the lead
production wastes are smelter slags. The particles of lead-containing slags are in the form of irregular
granules, the material density in the loose body is 2 t/m’, the angle of repose is approximately 35°, the
particle size mainly ranges from 2-6 mm, and there is a small number of particles of about 10 mm [2]. The
lead production dry slag components are shown in table 1.

Table 1 — Components of slag of lead-zinc production in a dry state

Element Pb Zn Cu Fe Si0, | CaO K,O S o Other Total

Numerical value 2,38 9,81 0,97 2531 | 24,62 | 16,21 1,42 1,35 10,16 7,32 100

Note: The numerical value of a sample is the average of a randomly selected sample.

To determine the chemical composition of the lead production slags, we performed spectral, X-ray
phase, thermal and chemical analyzes. The studies were carried out at Institute of Metallurgy and Ore
Beneficiation of the National Academy of Sciences of the Republic of Kazakhstan, Almaty, and at
K.I. Satpayev Institute of Geological Sciences.

The study of the material composition was carried out on bulk slag material, externally black, with
the particle size of 2 to 6 mm. A heavy fraction was isolated from the sample, according to which artificial
polished sections (briquettes) were made. The polished sections were examined under LEICA DM 2500P
microscope. Along with this, the sample was studied under a microscope in immersion liquids, and as a
result, samples were selected for further research.

X-ray diffractometric analysis of the slag samples was carried out on DRON-4 diffractometer
with Cu-radiation, graphite monochromator. Conditions for recording diffraction patterns: U = 35 kV;
I = 20 mA; scale: 2000 imp; time constant 2s; shooting theta — 2 theta; detector 2 deg/min. Semiquan-
titative analysis was carried out on the basis of diffraction patterns of the powder sample using the method
of equal weights and artificial mixtures. The quantitative ratios of the crystalline phases were determined.
The diffraction patterns were interpreted using ASTM Powder diffraction file and diffraction patterns of
minerals free of impurities. The contents were calculated for the main phases. Possible impurities, the
identification of which cannot be unambiguous due to low contents and the presence of only 1-2 diffrac-
tion reflections or poor crystallization, are indicated in table 2.

As follows from the data of X-ray diffractometric analysis presented in table 2, the slag samples are
represented by amorphous phases of composition close to crystalline phases of natural origin, namely
fayalite, wollastonite, zinc oxide and iron oxide. In an immersion preparation in transmitted light under a
microscope, all these phases are externally black and amorphous, however no crystalline formations are
observed. The identification of mineral phases according to the data of X-ray diffractometric analysis is
shown in the diffractogram in figure 1.
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Table 2 — The results of the semiquantitative atomic emission spectral analysis of the slag’s technological sample

Elements Content of elements, % Elements Content of elements, %
Gold <0.0002 Silver 0.001
Silicon >>1.0 Magnesium >1.0
Aluminum >1.0 Calcium >1.0
Copper 0.3 Rhenium <0.0003
Nickel 0.0025 Chromium 0.015
Antimony <0.002 Cobalt 0.005
Arsenic <0.01 Molybdenum 0.01
Iron >>1.0 Strontium 0.1
Manganese 0.2 Tellurium <0.003
Titanium 0.3 Lanthanum 0.002
Zinc >1.0 Bismuth 0.0005
Potassium <1.0 Beryllium 0.0003
Sodium >1.0 Zircon 0.01
Tin 0.001 Ytterbium 0.0002
Barium 0.3 Yttrium 0.003
Scandium 0.0005 Antimony 0.07
Vanadium 0.007 Cerium 0.005
Wolfram 0.005 Gallium 0.002
Germanium 0.001 Thallium <0.0005
Cadmium <0.0005 Lead 0.1
Iridium <0.001 Niobium <0.001
Arsenic <0.01 Mercury <0,003
Platinum <0.001 Palladium <0.0002
Rhodium <0.0005 Ruthenium <0.001
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§ 200 — ’
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The results of interplanar distances and phase composition of the slag sample are presented in table 3.

Table 3 — The interplanar distances and phase composition of the slag sample

Slag sample
d A I, % Phase
2.47214 93.8 Iron Oxide, Fayalite, Zinc Oxide, Calcium Silicate
2.13854 100.0 Iron Oxide, Zinc Oxide

— YY) ——
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All presented diffraction peaks shown in Table 3 belong only to the above phases. The characteristic
diffraction reflections are noted, which allow to identify the phases present.
The results of the semiquantitative X-ray phase analysis of the crystalline phases are shown in table 4.

Table 4 — The results of the semiquantitative X-ray phase analysis of the crystalline phases

Mineral phase Chemical formula Content, %
Iron Oxide Fe0.9420 41.5
Fayalite, syn Fe,(Si0,) 354
Calcium Silicate CaSiO; 17.2
Zinc Oxide ZnO 6.0

The analysis of table 3 shows that the slag sample is based on an amorphous substance with the listed
crystalline phases with superimposed reflections.

When examining the sample in the polished briquette in the reflected light, shown in figure 1, it was
revealed that the slag sample consists of an amorphous matrix with numerous inclusions of heterogeneous
copper mineral phases, which externally resemble natural copper sulfide minerals such as chalcopyrite and
even native copper. They often have a rounded isometric outline and a light yellow color, typical of
chalcopyrite.

Thermal analysis of the slag samples was carried out according to DTA and TGA measurements. The
thermal analysis of the powder slag sample was carried out on Q-1000/D derivatograph of F. Paulik,
J. Paulik and L. Erdey systems of “MOM?” company (Hungary, Budapest). The survey was carried out in
the air, in the temperature range 20-1000°C, heating mode — dynamic (dT/dt = 10), reference substance —
calcined Al,Os, sample weight — 500 mg with a valuable division of the sample weight change scale —
500 pV. The research revealed the following parameters: the sensitivity of the balance is 100 mg,
the sensitivity of other measuring systems of the device: DTA = 250 uV, DTG = 500 pV, TG = 500 pV
T =500 pV.

The method used is based on the device registering changes in the thermochemical and physical
parameters of a substance, which can be caused during its heating. The thermochemical state of the sample
is described by the curves: T (temperature), DTA (differential thermoanalytical), TG (thermogravimetric)
and DTG (differential thermogravimetric), the last curve is a derivative of the TG-function.

The optimal thermochemical parameters obtained during high-temperature processing of the test
system allowed to reveal the nature of the destruction of thermally active components.

The powder sample composition was identified by the thermal curves morphologies and the obtained
numerical values of the intensities of endo- and exothermic effects, using the thermogravimetric readings
of the TG lines coupled with them [22].

The results of the analysis were compared with the data given in the atlases of the thermal curves of
minerals and rocks and compared with the descriptions of the thermal behavior of monomineral samples
set forth in other reference sources and accumulated in the data bank of the laboratory conducting these
studies.

The slag sample in dynamic heating mode on (DTA-, DTG- and TG-) curves in different temperature
ranges left a series of effects caused by endo- and exothermic reactions, as shown in figure 2 and their
quantitative values in table 5.

Within the limits of low temperatures (20-200°C) in the system under study, the endothermic effect
was noted with the weight loss Am1 equal to 1.75% of the sample mass shown in figure 2, table 5. Many
powder samples contain atmospheric water, which in the specified temperature range is carried out into
the atmosphere. In this case, the main part of the evaporated molecular water can be attributed to the
dehydration of particles of the powder slag adsorbed H,O. After the sample dehydration process, the
enthalpy of the system in the range of 200-280°C practically does not change, which is caused by the
absence of weight loss in this temperature range. It should be noted that in the range of 280-930°C the
thermogravimetric curve (TG) is steadily shifting upward — towards an increase in the sample mass, which
is caused by the introduction of atmospheric oxygen into the system. The increase in mass is accompanied
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Table 5 — The sequence of the quantitative values of the weight loss of volatile components

Sequence of the weight loss Weight loss, % Volatile components Decomposition temperature range, °C
Amy 1.75 H20 20-200
Ama -6.0 -O2 280-930
Ams 0.25 02 930-1000
Amiooo°c 4.0 H20, -02, O2 20-1000
Note to figure 2 and to table 5: The minus sign (-) at the Am2 value means the introduction of atmospheric oxygen into
the system. This sign is the opposite of the sign applied to the weight loss parameter.

by a rise in the DTA-curve line, which, in the range of 640-800°C, formed distinct exothermic peaks at
700 and 740°C. The processes that caused the introduction of heat into the system are associated with the
oxidation of the ferrous components of the sample. Oxygen-enriched iron oxides are usually formed
within the indicated temperature ranges. These high temperature peaks are caused by the transition of iron
oxide from a lower acidity level to a higher level. At a higher temperature (930°C), the increase in sample
mass reaches its limit (Am2 = -6%). And further heating of the sample (up to 1000°C) leads to a decrease
in its mass by 0.25% [23].

According to the results of the X-ray diffractometric analysis of the slag samples, the formation of the
following useful components was revealed: copper in the form of sulfides, complex compounds of oxides
of lead, zinc, iron and copper, which are in the form of inclusions in an amorphous host matrix of complex
composition. The results of the laboratory studies of the lead production slag showed a sufficiently high
content of non-ferrous metal compounds, which allows to evaluate the process technically and
economically efficient when extracting them during the lead production toxic wastes’ disposal.

Conclusion. Modern methods of analysis were used to determine the chemical composition of waste
from the Shymkent lead plant (JSC Yuzhpolimetal). The results of X-ray diffractometric analysis and
DTA showed that the slag of lead production contains a fairly high amount of non-ferrous metal com-
pounds: the content of lead oxide up to 2 %, zinc oxide up to 17 % and copper oxide up to 1.25 % of the
total weight of the sample. The qualitative composition and content of non-ferrous metals of lead slags
makes it possible to make the process of disposal of toxic waste of lead production technically and
economically feasible.

The results of preliminary tests allow us to choose a technology for more complete and selective
extraction of lead and zinc oxides from the slag waste of lead production. When using a selective method
of extracting non-ferrous metals, it is expected to improve the ecological state of the environment and
reduce the negative impact on human health due to the disposal of toxic waste.
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KOPFACBIH KOHE MbIPBIIII OKCUATEPIH AJIY APKBIJIbI
KOPF'ACBIH OHJAIPICIHIH KAJIABIKTAPBIH KOQJEI'E /KAPATY

AnHoTtanusi. [IIBIMKEHT KOPFAChIH 3aybITBIHBIH KAIIBIKTAPhIH 2 MJIH TOHHAFa JKYBIK KO TYPiHJE KoJere xa-
paTy KaKeTTLUIri Typanbsl MaiiMeTTep Kenrtipingi. KopracklH eHaipiciHIH IITaKTaphIHAA SKOJOTHSUIBIK JIACTAHYIBIH
KayinTi ke3i OONBIT TaOBUIATHEIH KOPFACHIH, MBIPHIII, OCMHHA, KaJAMHN CHSAKTBI KONTETeH YNl KOCBUIBICTAp Oap
E€KEHIIr JAIEIIECHII.

PentrenomndpakromeTprsUiblK Tanaay xoHe JITA HoTmkemepi OOWBIHIIA KOPFACHIH OHIIPICIHIH KOXKBIHIA
TYCTI MeTalnaap KOCBUIBICTAPBIHBIH KETKUTIKTI JKOFapbl Meuepi 0ap eKeHIIrT aHBIKTAIIBL: KOPFACHIH OKCHIIHIH
Menmiepi 2%-Fa IeiiH, MBIpBIIT OKcHAi 17%-Fa JeifiH %oHe MBIC OKCHJII CHIHAMAHBIH KaJIbl CaIMarbIHBIH 1,25%-Ha
neitin. KoprachblH KOXKIApBIHBIH TYCTI METalAapAblH CalaliblK KYpaMbl MEH KOPFACBIH OHIIPICIHIH YIBI KaJIbIK-
TapbBIH KOJIETe JKapaTy MPOIECiH TEXHUKAIBIK KOHE YKOHOMUKAIBIK TYPFBIIAH OPBIHIIBI €TYTe MYMKIHIIK Oepeti.

AJIIBIH aa CBIHAKTapIbIH HOTIKEIEePl KOPFACHIH OHIIPICIHIH KOXKIBI KAJIBIKTAPBIHAH KOPFACHIH JKOHE MBIPBIIIT
OKCHIITEpiH HEFYPIIBIM TOJBIK )KOHE CEJIEKTUBTI ally VIIiH TeXHOJIOTHSIHBI TaHJayFa MyMKiHAiK Oepemi. Tycrti merai-
JApIbl adyOblH CENEKTHBTI TOCUIIH KOJNIAHFaH Ke3Ae KOPFACHIH OHIIPICIHIH YBITTHI IIIAKTAPBIH KOIere Kapary
eceOiHeH KOpIIaraH OpTaHBIH AKOJOTHSIIBIK JKal-KYHiH jkakcapTy jKOHE aJaMIapiAblH IE€HCAYNBIFBIHA Tepic dcepmi
azafTy KyTtijeni. byn perre Taburm xxoHe KalTamama pecypcTapAbl YTRIMIBI MaiifanaHy XKYHECiH JaMbBITyFa eneydii
yJiec KOChUIa bl

Tyidin ce31ep: KanabIKTap, KOPFACHIH KAIABIKTAphl, YJIbI KOCBUIBICTAP, KOPFACHIH )KOHE MBIPBII KOCBUIBICTAPHI,
9KOJIOTHSUIBIK JIACTAaHY, YIIbl KAJIIBIKTap/bl KaiiTa OHAeY, KalIbIKTapAbl K9ere )Kapary.

3apuna Barosa', Kypman6ek JKanracos!, 'ayxap Typebexonal,
Basan Canapranuesa?, lllepmaxan Hlanamaos!
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2 Ka3axckuil HaMOHANBHBI Me1arornueckuiil yHUBepCcUTET HMeHn Abas, AnMarsl, Kazaxcran

YTHJIN3AIOUA OTXOJ0B CBUHIIOBOI'O TIPOU3BOJCTBA
IIYTEM U3BJEYEHUSA OKCHUJ10B CBUHIIA 1 IIUHKA

AnHotanusi. ITpuBeneHsl cBegeHHs 0 HEOOXOIMMOCTH yTWIM3AIMU OTXO0AOB IIIBIMKEHTCKOTO CBHHIIOBOTO
3aB0JIa B BH/E [IUIAKOB, KOTOPBIX HAKOIMIOCH OKOJIO 2 MITH TOHH. Jl0Ka3aHO, YTO IIUIAKH CBHHIIOBOTO IPOM3BOJCTBA
coJiep)kaT OOJBIIOE KOJMYECTBO TOKCHYHBIX COCIMHEHMH, TaKMX KaK CBHHEL, IWHK, OCMHH, KaJMHH, KOTOpHIE
SIBIISIFOTCS] OMTACHBIMH MICTOYHUKAMHM SKOJIOTHYECKOT0 3arpsiI3HEHNSI.

[To pesynpraTtam pentreHoauppakromerpudeckoro aHamm3a u JITA BBIIBICHO, YTO B MIIAKE CBHHIIOBOTO
MIPOM3BOJICTBA COIEPKUTCS TOCTATOYHO BBICOKOE KOJIMUECTBO COCAMHEHNI IBETHBIX METAJUIOB: COJCP)KaHUE OKCHIA
cBuHIA 110 2 %, okcuaa nuHKa 10 17 % u okcuma mean 1o 1,25 % ot obmiero Beca mpoObl. KauecTBeHHBIH cocTaB 1
CoJIep)KaHKe IIBETHBIX METAIUIOB CBHHIIOBBIX IIUIAKOB MO3BOJISICT CAEJIATh NMPOLECC YTHIM3ALNN TOKCHIHBIX OTXOZ0B
CBHHIIOBOT'O IIPOM3BOJICTBA TEXHUYECKH U SKOHOMUYECKH LIENIECO00Pa3HbIM.

Pe3ynbraTsl npeBapUTENbHBIX NCTIBITAHUN TO3BOJISIOT BEIOPATh TEXHOIOTHIO /TSI O0JIee TIOIHOTO U CEIEeKTHB-
HOTO M3BJICUCHUS OKCHJIOB CBHMHIIA M IIMHKA M3 NIJAKOBBIX OTXO/I0B CBHHIIOBOTO MPOM3BOACTBA. [Ipn mpuMmeHeHNH
CENIEKTHBHOTO CII0c00a M3BJIEUEHUS LBETHBIX METAIIOB OXKHAACTCA YIyYLIEHHE KOJIOTHYECKOTO COCTOSHHSA OKpY-
JKafoUIed cpelpl ¥ YMEHBIICHHE OTPHLATEIBHOTO BIMSHUS Ha 3[J0POBBE JIIOJCH 3a CUCT YTHIIM3ALUH TOKCHYHBIX
IIJJAKOB CBHHIIOBOTO IPOW3BOJCTBA. [IpM 3TOM BHOCHTCS BECOMBIM BKJaJ B Pa3BUTHUE CHUCTEMBI PAIlMOHAIBHOTO
WCTIONIb30BAaHMS IPUPOJHBIX X BTOPUYHBIX PECYPCOB.

KroueBble ¢j10Ba: OTXO/bI, OTXOABI CBUHIIA, TOKCHYHBIE COCMHEHHNS, COCJMHEHNS CBUHIIA M INHKA, SKOJIOTH-
YecKoe 3arpsisHeHNE, epepadoTKa TOKCHYHBIX OTXO0JI0B, YTHIN3AIHS OTXO/IOB.
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