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Abstract. An economical and environmentally advantageous two stages method with efficient recovery of pure lead-free
zinc oxide from electric arc furnace dust in parallel with clinker containing iron and carbon production for easy return to the
iron smelting furnace was described. At the first stage, the electric arc furnace dust was mixed with a mixture of chloride salts
and sintered at various temperatures to lead removing. In the second stage, the clinker after the first sintering stage was mixed
with carbonaceous agent and sintered again to obtain pure lead-free zinc oxide. The clinker after the second sintering stage,
containing iron and carbon, can be sent to the main iron production. Laboratory-scale measurements with electric arc furnace
dust from one of the Kazakhstan metallurgical ferrous plants show that process allows receive lead-free zinc oxide with the
total impurity content is 0.06—0.07 mass%, and the lead content is 0.001 mass%. Based on the laboratory studies carried out, a
technological scheme for the two-stage processing of electric arc dust was developed to produce marketable products. The
environmental benefit of the method is to reduce emissions of harmful substances into the environment associated with the
recycling of electric arc furnace dust. In addition, the process allows to recycle production waste and reduce the consumption
of natural resources.
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1. Introduction important task that requires the consolidation of the efforts of
scientists, engineers and industry representatives. Solving
this problem will ensure sustainable development of the
global zinc industry and minimize its negative impact on the
environment.

Ferrous metallurgy processes are characterized by the
generation of large amounts of waste. On average, for 1 ton
of steel produced in AC furnaces, about 15-25 kg of Electric
Arc Furnace dust (EAF dust) is generated [1]. Considering
the high productivity of steel plants, the world's dust reserves
amount to about 5.6 billion tons. In 2023, Kazakhstan’s steel
enterprises increased steel production by 16.4% compared to
2022, to 3.92 million tons [2], and the volume of EAF dust
generated is approximately 9-11 thousand tons. EAF dust
contains both valuable and hazardous metals, including, for
example, Fe, Zn, Pb, Cr, Mn, V, Ca, Ti and others. Air pollu-
tion and dust accumulation have a negative impact on the
environment and the population. Effective disposal of EAF
dust is a major challenge in the steel industry: the steel indus-
try generates several million tons of dust each year, which
has negative impacts on the environment and human health.
The average zinc content in them is about 35-40%, that is, 3-
4 thousand tons of zinc are lost in the form of dust. This dust
also contains up to 2% lead, >10-20% iron and other heavy

The steady increase in zinc consumption and the long-
term development of the global mining and metallurgical
complex based on the model of extensive subsoil use inevi-
tably contributed to the depletion of reserves of rich deposits
being developed and the formation of significant volumes of
technogenic waste. In this regard, the issues of complex
processing of man-made raw materials containing zinc, as
well as the development of innovative and environmentally
friendly technologies for extracting this valuable metal from
poor and difficult-to-enrich ores are of particular relevance.

Processing of mining and metallurgical waste, such as
slag, gas cleaning dust and leaching cakes, is a promising
area that allows not only to involve valuable components in
economic circulation, but also to reduce the negative impact
on the environment.

Modern methods of extracting zinc from difficult-to-
enrich ores include the use of hydrometallurgical processes
such as heap leaching, bioleaching and electrowinning,
which allow for the efficient extraction of zinc even from
ores with a low metal content.

The development and implementation of new technolo-
gies aimed at the complex extraction of zinc and other valua-
ble components from various types of raw materials is an
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non-ferrous metals. This amount of valuable raw materials
can partially cover the need for raw materials of ferrous and
non-ferrous metallurgy enterprises. Of the total volume of
material loaded into the furnace, almost 100% zinc, about
10% of manganese, and 40% of lead are transferred into EAF
dust [3]. The chemical and phase composition of EAF dust
from the steelmaking industry differs depending on the tech-
nology used during which it is formed, process temperature,
and on the composition of the feedstock.

The main components of EAF dust are iron oxides (main-
ly magnetite Fe30.), zinc oxide (ZnO), lead oxide (PbO), and
franklinite (ZnFe;04, ZNMnFeQOy4) [3]. When galvanized steel
is treated, the zinc content in the dust can reach 30% or more
[3]. Most of the elements are associated with oxygen in the
form of oxides; in addition, chlorides, fluorides, sulfates, and
sulfides may also be present.

Currently, various EAF dust pyrometallurgical and hy-
drometallurgical treatment processes have been proposed and
tested. However, more than 95% of EAF dust is processed by
pyrometallurgical methods. The most common are Waelz
rotary kiln [4, 5, 6], rotary hearth furnace, plasma furnace
[7, 8], shaft (OxyCup) furnace [9], [10], microwave heating
furnaces [11, 12] and other reducing processes [13-15].
Waelz rotary kilns process 80% of all EAF dust [16].

Unfortunately, in all these processes, only the extraction
of zinc and iron was controlled and studied. It is obvious that
in the processes of collecting electric arc furnace dust at high
temperatures, almost all the lead sublimates together with
zinc and contaminates the resulting zinc oxide, which makes
it impossible to use.

At the same time, the composition and behavior of other
valuable and potentially hazardous elements, such as cadmi-
um, copper, nickel, chromium, remain largely unstudied.
This creates serious problems in developing effective strate-
gies for processing and recycling electric arc furnace dust,
since without a complete understanding of the behavior of
these elements, it is impossible to predict their distribution in
different fractions and, therefore, to develop optimal techno-
logical solutions.

The need for a comprehensive study of the behavior of
the entire spectrum of elements in the processes of collecting
electric arc furnace dust is dictated not only by economic
considerations related to the possible extraction of valuable
components, but also by environmental requirements. Envi-
ronmental pollution with heavy metals poses a serious threat
to human health and ecosystems.

In this regard, it is an urgent task to conduct detailed
studies aimed at determining the phase composition and
distribution of all significant elements in electric arc furnace
dust, as well as studying their behavior at different tempera-
tures and processing conditions. The data obtained will allow
developing effective methods for the selective extraction of
valuable components and neutralization of hazardous sub-
stances, which will contribute to the creation of environmen-
tally friendly and cost-effective technologies for processing
electric arc furnace dust.

Such studies should include both experimental works us-
ing modern analytical equipment and mathematical modeling
of the processes occurring in the electric arc furnace and dust
collection system. An integrated approach will provide the
most complete understanding of the processes occurring with
various elements and develop optimal strategies for manag-
ing these processes.
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In this paper, an economical and environmentally friendly
method is proposed to effectively capture pure lead-free zinc
oxide from electric arc furnace dust in parallel with the pro-
duction of iron-carbon containing clinker for easy return to
iron smelting furnace with a detailed study of the behavior of
heavy non-ferrous metals.

2. Materials and methods

2.1. Analytical methods

Material composition, prior to and following treatment,
was characterized by X-ray fluorescence (XRF) spectroscopy
(Niton handheld XRF Analyzers, R.B.M. Control & Mecha-
nization Ltd, Israel). Quantitation and material balance were
provided by inductively coupled plasma mass spectroscopy
ICP-MS (Agilent 7700s ICP-MS System Technologies)
measurements following 24-h dissolution of the EAF dust
and clinker powders in aqua regia at room temperature with
continuous stirring. Powder X-ray diffraction (XRD) was
performed on an Ultima Il diffractometer (Rigaku Corpora-
tion, USA). Phase identification and quantitative phase anal-
ysis were accomplished using Jade Pro (MDI, Cal.) software
and the Inorganic Crystal Structure Database (ICSD).

2.2. Materials

The initial samples of Electric Arc Furnace dust (EAF
dust) were received from one of the Kazakhstan metallurgical
plants. Chemical composition of the initial samples of the EAF
dust by ICP-MS measurements are present in Table 1.

Table 1. Chemical composition of the initial material (EAF dust)

Chemical composition (mass%)
Fe Zn Cu Pb Cd As Sb Sn Au Ag
848 37.69 0.2 1.36 0.054 0.004 0.017 0.031 0.008 0.004

Prior to each of the sintering procedures, XRF spectros-
copy (Figure 1) and Powder X-ray diffraction (XRD) (Fig-
ure 2), were used to determine the contents of basic compo-
nents in the EAF dust.

Sintering procedures

The experiments were carried out in two stages (Fig-
ure 3). At the first stage, the EAF dust was mixed with a
mixture of chloride salts and sintered at various temperatures
to remove lead as PbCl,. At the second stage, the clinker
after the first sintering stage was mixed with carbonaceous
agent and sintered again to obtain pure lead-free zinc oxide.
The clinker after the second sintering stage, containing iron
and carbon, can be sent to the main iron production.
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Figure 1. XRF spectra of the EAF dust
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Figure 2. X-ray diffraction (XRD) pattern of the EAF dust:
1 - Zincite, ZnO; 2 — Franklinite, ZnFe20s4; 3 — Lead, Pb; 4 - Zinc
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Figure 3. EAF dust treatment process

Reactor furnace

A custom-built, quartz tube reactor placed inside a tem-
perature-controlled laboratory furnace was used for sintering.
The accessible temperature range was 973-1373 K. A dia-
gram of the reactor furnace, including placement of the pow-
dered EAF dust initial sample is shown in Figure 4.

Figure 4. Laboratory reactor: (1) — nitrogen cylinder; (2) —air cyl-
inder; (3)—gas stop; (4)—flowmeter; (5)—tube for gas; (6)— valve;
(7)—quartz reactor; (8)—furnace with temperature controller;
(9) —alumina crucible with sample; (10)-gas cleaning bottle,
(11) — zinc oxide filter and collector; (12) — place for air addition
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Mixture of the EAF dust and chloride salts or clinker af-
ter the first sintering stage and carbonaceous agent were
placed in the furnace in an alumina crucible (total weight
approximately 40-50 g).

Prior to heating, the quartz reactor with the mixtures
powder was cleaned with a 100 ml/min flow of dry nitrogen
gas for 15 min. The furnace was then heated at a uniform rate
from room temperature to test temperatures (973-1373K)
during 60 min, again in the presence of 100 ml/min nitrogen
flow. After the furnace had reached the designated tempera-
ture, air was fed into the reactor for 1 h for the first stage
sintering. The second stage sintering was carried out in the
presence of 100 ml/min nitrogen flow without air flow.

Thermodynamic calculations for chemical reactions of
metal oxides with chloride salts and carbon

Calculations were performed using software developed in
the framework of Microsoft Excel and based on standard
values of enthalpy of compound decomposition (AH) and
entropy (AS) for the pure substances [17] as well as on val-
ues from the NIST-JANAF database [18].

3. Results and discussion

3.1 Thermodynamic analysis of the chemical reactions of
metal oxides with chloride salts and carbon

The Gibbs energy values for chlorination and reduction
reactions within the temperature range 673-1473 K are
shown in Table 2.

Group 1 includes chlorination reactions between EAF
dust components and calcium chloride. Under sintering con-
ditions, the Gibbs energy of all reactions in Group 1 is
strongly negative (—250-450 kJ/mole): thermodynamic calcu-
lations predict that the reaction of non-ferrous metals oxides
and iron (I11) oxide from EAF dust with CaCl; can result in
the formation of metals chloride within a wide temperature
range, including the range of interest 1073-1273 K.

Group 2 includes chlorination reactions between EAF
dust components and ammonium chloride. The thermody-
namic likelihood of reactions in the Group 2 is ensured over
the entire temperature range of interest, with the most nega-
tive value being for reactions:

Fe,03 (s) + 6NH.4CI (s) = 2FeCls (g) + 6NH3 (g) + 3H20 (g)
and PbO (s)+ 2NH.4CI (s) = PbCl; (g) + 2NHs (g) + H20 (g).

The third group of reactions in Table 2 includes the reac-
tion between EAF dust components and calcium chloride in
the presence of SiO,. The Gibbs energy of reactions in the
Group 3 under sintering conditions is strongly negative
~-300-500 kJ/mole).

Group 4 includes reduction reactions between clinker
components and carbon. Thermodynamic calculations of the
Group 4 reaction predict that that the reaction of non-ferrous
metals oxides from second sintering stage clinker with car-
bon can result in the formation of metals within a wide tem-
perature range, including the range of interest 1273-1473 K.
The Gibbs energy of reactions in the Group 4 under sintering
conditions is negative (=~30-100 kiJ/mole). This means that if
lead and cadmium are not completely removed from the EAF
dust in the first sintering stage, then the zinc oxide obtained
in the second sintering stage will be contaminated with lead
and cadmium.
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Table 2. Gibbs energy (AG) calculated for chemical reactions of metal oxides with CaCl2*2H20 (Group 1), NH4CI (Group 2), mixture
CaCl2*2H20+Si02 (Group 3) and for metal oxides with carbon (Group 4) in the temperature region of interest

Reaction

Group 1
PbO(s) + CaC|2*2Hzo(5) = Pbclz(g) + CaO(s) + 2H20<g)
ZI"IO(S) + CaClz*ZHzo(S) = chlz(g) + CaO(S) + 2HzO(g)
CUO(S) + CaClz*ZHzo(S) = CUClz(g) + CaO(S) + 2HzO(g)
CdO(s) + CaCIz*ZHZO(s) = CdC'z(g) + CaO(s) + 2H20(g)

ZnFeZO4(S) + CaCIz*ZHZO(S) = chlz(g) + F9203<5) + Ca0<5) + 2H20(g)

FEZOg(S) + 3C3C|2*2H20(5) = 2FeCI3(g) + 3CﬁO(S) + 6H20(g)

Group 2
PbO(S) + 2NH4C|(5) = Pbclz(g) + 2NH3(g) + HzO(g)
ZI"IO(S) + 2NH4C|(5) = chlz(g) + 2NH3(g) + HzO(g)
CUO(S) + 2NH4C|(S) = CUC'z(g) + 2NH3(Q) + HzO(g)
CdO(S) + 2NH4C|(5) = CdClz(g) + 2NH3(g) + HzO(g)
ZnFeZO4(S) + 2NH4C|(5) = chlz(g) + F6203<5) + 2NH3(g) + HzO(g)
Fe203(s) + 6NH4C|(5) = 2FeCI3(g) + 6NH3(Q) + 3H20(g)

Group 3
PbO) + CaCl,*2H,0() + SiOys) = PbClyq) + CaSiOgs) + 2H,0(g)
ZnO(s) + CaC|2*2Hzo(s) + SiOZ(s) = ch|2(g) + Casi03(s) + 2H20(g)
CuOg,) + CaCl,*2H,0() + SiOys) = CuClyg) + CaSiOse) + 2H,0(q)
CdOg,) + CaCl,*2H,0() + SiOys) = CdClyg) + CaSiOse) + 2H,0(q)

ZnFe204(s) + CaC|2*2Hzo(s) + SiOz(s) = ZnClz(g) + FezO3(5) + Casi03(s) + 2H20(g)
Fe;03) + 3CaCl,*2H,0(s) + 3SiOys) = 2FeClgg) + 3CaSiOg) + 6H20()

Group 4
ZnO + 0.5 Cy = 0.5 CO4q) + Znq
ZnFe;04) + C() = COyq) + ZN(g) + 2FeOyy
PbOg) + 0.5 C5) = 0.5 COyq) + Pb(g)
CdO(s) +0.5Cy = 0.5 COyg + Cd(g)
s — solid phase, g — gas phase.

Thermodynamic calculations predict that the reaction of
non-ferrous metals oxides and iron (I11) oxide from EAF dust
with CaCl, and NH4CI can result in the formation of metal
chlorides within a wide temperature range, including the
range of interest 1073-1273 K. The addition of silica to the
initial mixture leads to a decrease in the Gibbs energy of
chlorination reactions and an increase in the thermodynamic
probability of these reactions.

3.2 First stage sintering of the EAF dust

Almost all lead at the first stage of sintering with the ad-
dition of chloride salts turns into lead chloride, which is
removed from the clinker. The effect of sintering temperature
on the residual lead content in the clinker and on the degree
of its extraction into sublimates is shown in Figure 5.

The addition of ammonium chloride to the chlorinating
mixture did not have a significant effect on the degree of lead
sublimation. But silica addition increases the degree of lead
sublimation by 15-20% and decrease the lead content in the
first stage clinker.

The behavior of cadmium during chlorination is similar
to that of lead (Figure 6).

All iron, zinc, and a large amount of copper (more than
60-70%) remain almost completely in the clinker. Apparent-
ly, this is due to kinetic difficulties during chlorination due to
the formation of oxide films on the surface of particles of
these metals, which complicate the chlorination process. It is
known [19], that ammonium chloride dissolves oxide films
on the surface of zinc particles, which promotes the process
of zinc chlorination and its sublimation.

It was received that during sintering with the addition of a
small amount of ammonium chloride (2% of the weight of
the EAF dust), a slight sublimation of zinc to 4-5% was ob-
served.
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Figure 5. The effect of sintering temperature on the residual
lead content in the clinker (a) and on the degree of its extraction
into sublimates (b): 1-EAF dust with CaCl2*2H20 and with
mixture (CaClz*2H20 + NH4CI); 2-EAF dust with mixture
(CaCl2*2H20 + SiO2)
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Figure 6. The effect of sintering temperature on the degree of
cadmium extraction into sublimates (a) and on the residual cad-
mium content in the clinker (b)

Arsenic, antimony, and tin are also practically not re-
moved from the EAF dust and remain in the clinker, but
since their content in the dust is very small (less than 0.02-
0.03%), this does not affect the dust processing process.
Gold and silver are chlorinated with calcium chloride and
their chlorides sublimate at high temperatures by 10-15%,
but with their content in the EAF dust are 0.004-0.008%, this
also does not have a significant effect on the EAF dust treat-
ment process.

3.3 Second stage sintering of the EAF dust

After lead and cadmium removing through the first stage
sintering process, the resulting clinker was sintered again
with the addition of a carbonaceous agent to produce pure
zinc oxide. Table 3 shows the chemical analysis of the result-
ing zinc oxide. The total impurity content was 0.06-0.07
mass%, and the lead content was 0.001 mass% when char-
coal was used as a reducing agent. In the case of using graph-
ite, the total impurity content was 0.1-0.3 mass%, and the
lead content was 0.0015-0.006 mass%. Apparently, this is
due to the greater chemical activity of power charcoal com-
pared to compact crystalline graphite.

Table 3. Chemical composition of the Zn oxide after reducing
sintering at 1373 K

Chemical composition

Reducing agent Fe Cu Zn Pb Cd
mass% mass% | mass% mass% = ppm

charcoal 0.06 0.01 80.58 | 0.0011 0.24
charcoal 0.05 0.01 79.95 | 0.0012 @ 0.23
graphite 0.09 0.02 72.26 | 0.0014 @ 0.32
graphite 0.17 0.22 85.81 | 0.0020 @ 0.38
graphite 0.17 0.08 76.11 @ 0.0057 @ 0.62

Clinker after the second stage of sintering practically
does not contain non-ferrous metals (Table 4) and can be
used in ferrous metallurgy.

Table 4. Chemical composition of the clinker after reducing
sintering at 1373 K

Chemical composition

Sample number Fe Cu Zn Pb Cd
mass% | mass% mass% mass% | ppm

Sample 1 18.18 0.25 0.65 | 0.0045 0.96
Sample 2 2141 0.31 0.31 | 0.0023 0.58

4, Conclusions

Economical and environmentally advantageous two stages
method with efficient recovery of pure lead-free zinc oxide
from EAF dust in parallel with clinker containing iron and
carbon production for easy return to the iron smelting furnace
was proposed. Laboratory-scale measurements with EAF dust
from one of the Kazakhstan metallurgical ferrous plants show
that process allows receive lead-free zinc oxide with the total
impurity content is 0.06-0.07 mass%, and the lead content is
0.001 mass%. The clinker after the second sintering stage,
containing iron and carbon and with total content of the non-
ferrous metals < 1%, can be sent to the main iron production.

The economic benefit of the method is to reduce the costs
of recycling electric arc furnace dust, as well as to obtain a
valuable product — pure zinc oxide, which can be used in
various industries. In addition, the return of clinker contain-
ing iron and carbon to the cast iron smelting furnace allows
to reduce the consumption of primary raw materials and
material costs for electricity.

The environmental benefit of the method is to reduce
emissions of harmful substances into the environment asso-
ciated with the recycling of electric arc furnace dust. In addi-
tion, the process allows to recycle production waste and
reduce the consumption of natural resources.
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duekTp Aorasl nemrepain (31I1) maHbIHAH KOPFAChIHCHI3 Ta3a
MBIPBIII OKCHIIH aJ1y TEXHOJOTUSICHI
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Anparna. lloiibH 6anKeITy IemIiHe KaiTa OHAll opajaTblH KypaMblHAa TeMip MEH KemipTeri Oap KIWHKEp/i ajlaThlH,
3JIEKTP JOFaJIBI TSN MaHbIHAH Ta3a KOPFACKIHCHI3 MBIPHIII OKCHIIH THIMJII ally apKbUTBI YHEM/I KOHE SKOJIOTHSUIBIK THIMJII eKi
caThlIbl 9JiC CHNATTajFaH. bIpiHIII Ke3eHJe JJIeKTp JOFaibl IEeITepliH [IaHbl XJIOPHUZ TY3JIapbhIHBIH KOCIACBIMEH
apaacThIPBUIBIN, KOPFACHIH/BI OOl aiy YILIIH SpTypJii Temreparypaaa Kyiuipineni. ExiHmi ke3enme KyHmipyain OipiHmri
KE3€HIHEH OTKEH KIMHKEp KYpaMblH/a KeMIpTeri 6ap peareHTIIeH apaacThIPBUIBII, KOPFACHIHCHI3 Ta3a MBIPBIII OKCUJAIH aly
yliH Kaltaman Ky#nzipinemi. KypambiHaa Ttemip MeH Kewmipreri Oap KyHAipy[iH eKiHIII Ke3€HIHEH KEWiHrl KIMHKep
IIOWBIHHBIH HETI3r1 eHJipiciHe OarbITTanybl MyMKiH. Ka3akcTaHHBIH Kapa METaUTyprHs 3aybITTapbiHBIH OIpiHEH JJIEKTp
JOFabl TEWITEp/iH I[IaHbIH MaijgasaHa OTHIPBIN JKYPTi3UIreH 3epTXaHajiblK HoTwkenep KypambiHza 0.06-0.07 mac.%
KocTiajapsl 0ap KOPFachIHCHI3 MBIPHII OKCHIIH alfyFa MYMKIiHAIK OepeTiHiH kepceTTi koHe KopracsH meumepi 0.001 mac.%
Kypanbl. JKypriziren 3epTXaHalbIK 3epTTeyJiep HETi3iHIe TayapiblK OHIMII aja OTHIPHIN, JEKTP MOFalapbIHBIH IIaHBIH €Ki
CaThIIbl OHACY/IH TEXHOJOTHSJIBIK CXEMAChl jKacajabl. OMICTIH SKOJOTHSIBIK Malachl 3EKTpP IOFajbl MEIITEPiH IIaHBIH
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JKOIOFa 0alIaHBICThI KOPILIAFaH OpTara 3WSHJbI 3aTTap/blH IIbIFAPBIHIBUIAPBIH a3aiTy Oousbin TaObutaabl. COHBIMEH KaTap,
MpOIIecC OHAIPIC KaMABIKTAPBIH KaliTa OHAEYTE XKOHE TAOUFU pecypcTapasl TYTHIHYIBI a3aiiTyFa MYMKIHIIK Oepei.

Heeizei co30ep: snekmp 0ozanvl newimepoiy ulaysl, Kyuoipy, KOPEACbIHCbL3 MbIPbIld OKCUOL, KATbYUll XA0puodi, Kemipmezi
bap peacenm.

TexHo/I0THSI MOJyUYEHUSA YUCTOTO OKCHAA IIMHKA, HE COePKALIEro
CBHHIIA, U3 NIBLIN IeKTPoaAYroBbix nmeuei (1)
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AnHoTanusi. OnHcaH >KOHOMHWYHBIH M SKOJOTHYECKH BBITOAHBIA IBYX3TamHbIA MeTon ¢ 3()(EKTUBHBIM H3BJICYCHHEM
YHCTOr0 OKCHZAA LIMHKA, HE COAEpPIKAILEero CBUHIA, M3 IBUIM AJICKTPOLYTOBHIX NeYel MapauleNbHO C MOJTyYCHHEM KIHHKepa,
COZICPIKAILETO HKEJIE30 U YIJIEPO., U JISTKOrO BO3BpaTa B YyTYHOIUIABWIIBHYIO Ieyb. Ha mepBoM aTare - mbuIb 3JIeKTPOIyro-
BBIX II€UCii CMEIIMBAIN CO CMECHIO XJIOPUIHBIX COJICH M CIEKaIW MPU Pa3iIMYHBIX TEMIIepaTypax M yHaleHHs cBHHLA. Ha
BTOPOM 3Tare KIMHKEp, MPOILIEIIINi epBYIO CTaHI0 CIIEKaHWs, CMELIMBAIN C YIIIEPOJCOAEPKAIIMM BEIIECTBOM M CHOBA
CIeKalIu JUIs TOJyYeHHUs] YHCTOTO OKCHJAa LIMHKA, HE cojlepikaliero cBUHLA. KiMHKep mocie BTOPOH CTaJuM CIIEKaHWS,
COJIepIKAILM JKeNle30 M YIIepoa, MOXKeT ObITh HAIllpaBJIeH HAa OCHOBHOE MPOM3BOJICTBO 4yryHa. JlaboparopHble pe3ysbTaThl C
UCIIOJIb30BAaHUEM — TIBLITH AJIEKTPOIYTOBBIX MeUeil ¢ OHOTO U3 Ka3aXCTaHCKUX METaIyprHYeCKUX 3aBOJIOB YEPHOW METaJLTyp-
THU TI0Ka3aJIM, YTO MPOLECC MO3BOJISIET MOTydaTh OKCHJ LIMHKA, HE COJEpIKAIUi CBHHEL, ¢ OOLIMM COJepKaHHEM NpuMeceit
0.06-0.07 mac.% u comepxanuem curna 0.001 mac.%. Ha ocHOBe mpoBeaEHHBIX Ta0OPaTOPHBIX MCCIIEI0BaHMH ObliIa pa3pa-
0oTaHa TEXHOJOTHYECKas CXeMa IBYXDTaIHOM Mepepa0OTKU MBUIM AJIEKTPOLYTOBBIX C MONYYCHHEM TOBAPHOW MPOIYKLHH.
OKosormyeckas BHIroJja METOJa 3aKIII0YACTCS B CHIDKCHUH BBIOPOCOB BPEAHBIX BELIECTB B OKPYXKAIOIIYIO CPEIY, CBSI3aHHBIX C
YTUIM3alKeil MBUTM 3JIEKTPOAYroBbIX Ieueil. Kpome Toro, mpoiecc mo3BosisieT nepepadaTblBaTh OTXOJbI NPOM3BOJCTBA H
COKpaIaTh MOTpeOIICHNEe IPHPOAHBIX PECYPCOB.

Kntouesvie cnosa: nvinb 31eKkmpody2o8bix neuetl, CHeKaHue, He Co0epHCaull CBUHYA OKCUO YUHKA, XAOPUO KaTbyusl, yere-
poocodepacaujull peazeHm.
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