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The extraction of cadmium from zinc-containing materials
and ores by the Waelz process using oil sludge

Methods of extraction of cadmium from ores and zinc-containing materials are considered in the article. The
Waelz process of Achisai ores (0.1-0.2 % of Cd) is carried out in the presence of 45-55 % of coke from the
mass of ore charge in furnaces. Up to 92-95 % of cadmium is extracted into the sublimates. The yield of sub-
limates is 16—18 % of the mass of the ore charge. Sublimates of the Waelz process contain from 0.05 to 1.2 %
of Cd. The efficiency of the processing cadmium-containing ores and semi-products by the Waelz process
largely depends on the degree of replacement of coke breeze with less expensive materials. Research results
are presented, which justify the possibility of using oil sludge while the Waelz processing cadmium-
containing materials, by calculating AG°, determined thermodynamic probability of cadmium recovery from
cadmium-containing compounds in the presence of carbon, oil sludge and its constituent hydrocarbons in
different temperature zones of the Waelz furnace. Due to thermodynamic modeling with the use of the soft-
ware complex «Astra» there were established the equilibrium recovery degree and transition of cadmium to
the gas phase, the composition of the gas phase in the temperature range of 300-1500 K and pressures of
0.05-0.5 MPa. It is established that the initial reactivity of the reductant with respect to CdO varies in a se-
ries, and with respect to CdS this series has the form: H,>C,H,,>>CdSO,>H,0>C. At high temperatures, the
form of the reductant does not affect the distillation of Cd (it is > 99 % at T > 1300 K). The interaction in the
system CdO-CdS-oil sludge is observed at temperature > 400 K by the reduction of Cd from CdO. Subse-
quently, Cd is reduced from CdS at T > 1100 K reaching maximum at T > 1300 K.

Keywords: industrial products, zinc concentrates, dust processing, pyrometallurgy, hydrometallurgy, the
Waelz process, cadmium-containing compounds, cadmium recovery, oil sludge.

Introduction

Cadmium, which does not have independent deposits, is usually a zinc companion and is found in
polymetallic ores containing from 0.02 to 2.5 % of Cd. Cd content in zinc and zinc-lead ores varies from
0.02 to 2.53 % (on average, about 0.3 %) with respect to Zn [1]. In metallurgical redistribution the behavior
of cadmium is in many ways like zinc. Therefore, the problems of the need to extract cadmium are interrelat-
ed with the problems of obtaining zinc. According to the company Netro-Capital (Moscow), world produc-
tion of Zn in 2015 had increased by 2.6 % compared to 2014 and amounted to 13.2 million tons. Moreover,
the rate of increase in its annual production remained in 2016. The annual world production of Cd in recent
years is 24.2-25.2 thousand tons. The rise in its production, for example in 2016, was 2.7 % [2]. Kazakhstan
occupies the fifth place in the world (after Austria, the USA, Canada and Mexico) for cadmium reserves,
there is increased the production of refined cadmium from 1000 tons (2012) to 1450 tons (2016). An increas-
ing trend in the release of cadmium is observed, for example, in Japan, Mexico, and Australia and is at a
constant level in Belgium, China and Russia. Kazakhstan occupies the seventh place in the production of
cadmium (after Japan, China, the USA, Belgium, Mexico, Canada), produces 5.6 % of its world release. In
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accordance the current conjuncture, it creates good prerequisites for expanding cadmium production in Ka-
zakhstan, in particular cadmium brand KD-0 at JSC Kazzinc.

Bearing in mind that the trend of Zn production in Kazakhstan is growing, due to both the increase in
output on the basis of Kazzinc production and the launch of new production facilities in Balkhash and
Shymkent cities, problems of cadmium (Zn companion) extraction will affect the efficiency of development
of complex processing of zinc materials. So, in the works of KazNU named after Al-Farabi [3] necessity of
development of new ways of obtaining both zinc and cadmium, meaning their perspective for obtaining elec-
tronic engineering materials is revealed. In the future, a rise in the output of cadmium can be expected with
the development of battery industry, the technology of new materials, for example, nano-materials which
have significant differences in properties from the usual crystalline solid. In particular, a nanoparticle from
cadmium becomes in the state of super ferromagnetic [4].

In the flotation of zinc-lead ores, 75 % of cadmium passes into zinc concentrate, 15 % to lead and 10 %
to Cd is lost with tails. In zinc concentrates Cd content ranges from 0.08 to 0.18 %. When enriching Zn-Pb
ores, 40-85 % of Cd passes into zinc concentrate, 2—12 % in lead and 3-51 % of cadmium remains in tail-
ings [5]. When copper ore is enriched, 60 % of Cd passes into copper concentrate, 10 % to zinc concentrate
and 30 % to tails and pyrite concentrate. When enriching lead ore, the degree of cadmium distribution is in
proportion to zinc distribution. While processing zinc ores, according to the classical scheme: enrichment —
burning — leaching — electrolysis — remelting, cadmium is distributed as follows: 0.2-0.23 % of Cd is
contained in cinder, 0.15-0.2 % in dusts, 0.15 % — in materials after leaching of cinder, 0.41-0.58 % — in
velcoxides [6].

Intermediate products are formed in the production of conditional concentrates, which also contain
cadmium. Electrothermal method [7], processing by weighted melting [8], the Waelz process and hydromet-
allurgical processing [9] are proposed for the processing of copper-lead-zinc industrial products. Thus, for
hydrometallurgical processing of industrial products (Zn — 24.8 %, Pb — 6.86 %, Cu — 3.89 %, S —
28.2 %, Fe — 15.8 %) after burning, sulfatization, leaching with weak sulfuric acid, calcination at 650 °C
and leaching with acidified (sulfuric acid) water, Zn recovery in the solution was 96.9 %, Cu — 95,9 %,
Cd—95.4 %.

Processing copper-zinc industrial product by autoclaving at Unipromed Institute it was possible to man-
age to extract 95-97 % of Cd and 92-96 % of Zn into the solution. The scheme provided for the production
of Cu-Cd materials for the processing copper-zinc raw materials, the technology of sulfatization of a com-
pletely burnt Cu-Zn industrial product or concentrate with treated electrolyte in the fluidized bed has been
developed. The technology is provided, in particular, from a concentrate containing 12.27 % of Cu, 6.1 % of
Zn, 0.68 % of Pb, 0.03 % of Cd, there is obtained marketable cadmium with a degree of cadmium transfer to
the target product of 85.5 %.

The paper reports the processing Cu-Zn concentrate containing Cd using the technology of its balanced
burning, which makes it possible to separately process Cu-Zn sulfide raw materials by sulfating firing meth-
od in CC furnaces with full balance of sulfate sulfur. The scheme involves the production of Cu-Cd materi-
als.

While processing the collective Cu-Zn-Pb concentrate (Cu-25 %, Zn-9 %, Pb-2.6 %) by KIVCET, pro-
cess, the oxidized zinc sublimates with a content of 0.1-0.2 % Cd, 73-75 % Zn and 4-5 % Pb were obtained.
At the same time, the degree of extraction of Zn and Cd in the sublimate was at least 70—75 %. It is neces-
sary to note the work on the chloride processing of Achisai zinc ore, clinkerwaelz process, ores by the chlo-
ride-by-gas method, which allows transferring 92-98 % of Cd to chloride sublimates [10].

According to Institute UNIPROMED, the main part of cadmium from copper-containing concentrates
(from 60 to 90 %) goes into dust during their pyrometallurgical processing. In this case Cd content is maxi-
mal in the dusts of mine melting (0.01-0.5 %) and minimal in the dust of burning fires (0.01-0.2 %) [11].
Dusts of copper production (for extraction of Cd) are processed by hydrometallurgical and pyrometallurgical
methods. In processing the dust of a reflector furnace containing masses %:10-13.5 Zn; 2.45-2.86 Pb; 0.08
Cd with the addition of matte to dust there was extracted 64.7-73.9 % of Cd; 63.5-76.5 % of Zn; 74-85 %.
Thin dusts of pyrosection, containing Cd from 0.16 to 0.58 % [12] are proposed to be processed
hydrometallurgically. In one-stage leaching from the dusts 98-99 % of Cd, 85-88 % of Cu, 95-97 % of In,
98-99 % of Zn are extracted. The concentrate containing Cd, In, Ge is burn at 350-400°C, dissolved in hy-
drochloric acid with distillation of GeCly. Of the residues, Cd is isolated by distillation with zinc dust.
Wherein, cross-cutting (from the dust) extraction of cadmium is 75 %.
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Cadmium-containing oxide ores were subjected to be Waelz processed in Kazakhstan (Achishai village)
and Poland. The Waelz process of the Achisai ores (0.1-0.2 % of Cd) together with the mine smelting slag
CHS is carried out in the presence of 45-55 % of the coke from the ore charge mass in the furnaces
41%2.5 m and 50%3.6 m. In the sublimation 95 % of cadmium is extracted. Cd content in the sublimations is
0.12 %. Sublimate yield is 16—18 % of the ore charge mass. The Wafer Waelz process is from 0.05 to 1.2 %
Cd (UCCPC — 0.7 to 1.2 %, CHETZ 0.8 to 1.1 %, LC 0.35 to 1.2 %, Electrozinc 0.35 — 0.55 %, Ukrzink
0.25 — 0.3 % and Achpolimetall 0.05 — 0.12 %). Moreover, from 54 to 81.8 % of cadmium in the subli-
mates is in the type of oxide and silicate forms, from 4.5 to 35.5 % in sulphide and ferritic forms and from 11
to 16.2 % in the form of cadmium sulfate.

In VNIITSVETMET, a method has been developed for the sulfatization of zinc materials by a boiling
bed using sulfuric acid [13]. The technological chain of this method is as follows:

Wet  _ Repulpation __ | Dryingand _, Heattreatmentof _, Leaching with
materials weak granulation granules water
H,S0, (T=150-180 °C) (T=650 °C) (T=70°C)

At the time of leaching the sulphate product, a zinc solution and Pb-Fe residue are produced.

At the same time, cadmium recovery from the materials into the solution was 91.9 %, Zn — 92 %,
Cu — 92 %. The content of Pb in the residue is 9-10 %, and Zn is 3.5-4 %. Pb-Fe materials are recommend-
ed to send to lead production for extraction of Pb. A drawback of this method lies in large consumption of
fuel oil (256 kg/t) and the need for Pb-Fe melting of the residue.

In the Waelz process of zinc materials in the sublimation up to 95 % of cadmium is recovered. The rest
of Cd goes to the clinker. In the sublimes there is Cd, the rational composition of which is CdO + silicates Cd
(50.1-55.6 %), CdSO4 + CdCl, (5.6-16.6 %), CdS (4.2-22.4 %), CdO-Fe,05 (5.5-9.0 %), the rest (11.1—
22.2 %).

If in literature there is sufficient systematic information about Zn recovery from various compounds
with various substances, then with respect to Cd this information is less systematized. Cadmium oxide is an
oxide prone to dissociation, so it refers to easily recovery oxides. At temperature 950 °C the degree of disso-
ciation is 69 %, and at temperature 1250 °C is 87 %. Noticeable volatilization of CdO is noted at temperature
900-1000 °C. The vapor pressure of CdO is 760 mm Hg is noted at 1559 °C. Moreover, cadmium oxide dis-
sociates in the gas phase at the temperature > 1150 K:

2CdO =2Cd + O,

The temperature in the beginning of CdO recovery depends on the type of the carbonaceous reductant,

in accordance with Figure 1, increasing from coal to graphite.

900 |-
700 |-
&
-
500 |~
| | |
0

1 — coal from sugar; 2 — charcoal; 3 — graphite

Figure 1. Influence of the temperature in the beginning of Cd recovery
from CdO on the type of carbonaceous reductant
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Method

In slags, ores, cadmium materials are contained in the form of CdO, CdS, CdSO,, CdO-SiO,,
CdO-Fe,0;, and CdCO;. Some thermodynamic calculations of Cd recovery from its compounds have been
published in the literature. However, a complete comparative analysis of Cd recovery is not carried out for
all zones of the Waelz furnace using waste products from hydrocarbon raw materials, for example, oil
sludges and elements Zn, Pb, Fe formed in the Waelz process. We used the thermodynamic analysis to re-
cover cadmium from its various compounds by calculating the change in the free Gibbs energy (AG:") [14].
The calculation of (AG;’) was carried out with the help a computer program developed by Auezov SKSU
[15] based on the equation:

I L z
AG® = AH,, + IACp]dTiAHI+IACp2dTiAH2+...+IACp”dT—
T"

298 T

T T, T
_T[Asggg + [ AC,dT /T +AH, [T, + [AC, dT I T+ AH, +...+ IACp"dT/T],
298 T T,

where, AHhs and AS’ys — is change in enthalpy and entropy of the system at 298 K, kJ/mol and
J/(mol-deg); AC,—AC,,, — is change in heat capacity of the system in the corresponding temperature range;
T'—T, — are temperatures of the first and last phase and modification transitions of the reaction participants,
K; T — is final calculation temperature, K; AH,—AH, — is thermal effects of the corresponding phase and
modification transitions, kJ/mol;

The thermodynamic constants required for the calculation were taken from sources [16].

The results of calculations of AG;’ reduction of cadmium (II) oxide by carbon, carbon monoxide (II),
hydrogen, methane, iron, lead, zinc and cadmium sulfide by reactions:

CdO+C=Cd+CO (D)

CdO + CO=Cd + CO, 2)

CdO + H,=Cd + H,O 3)

3CdO + CH4=3Cd + 2H,0 + CO %)

4CdO + CH; =4Cd + CO,+ 2H,0 ®)]

CdO +Zn=Cd + ZnO (6)

CdO + Pb=Cd + PbO @)

CdO + Fe = Cd + FeO ()

3CdO + 2Fe =3Cd + Fe,04 )]

2CdO + C=2Cd + CO, (10)

2CdO + CdS =3Cd + SO, (11)

3CdO + FeS =3Cd + FeO + SO, (12)

3CdO + ZnS = 3Cd + ZnO + SO, (13)

3CdO + PbS =3Cd + PbO + SO, (14)

7CdO +2FeS = 7Cd+ Fe,0;5 + 250, (15)

are given in [17] and Table.
Table
Temperature effect on AGy’ reduction of Cd from CdO
. AGy’, kl/g-at Cd
Reactions No. =558 ¢ 594 K 1038 K 1200 K 1300 K 1500 K
1 2 3 4 5 6 7

1 +89.06 +33.01 —55.42 -106.13 —137.43 —200.03
2 -31.27 —34.73 -45.36 —64.75 —76.72 —100.66
3 -11.13 -16.55 -41.85 —66.65 -81.96 —-112.58
4 +253.91 +247.63 +144.56 +86.78 +51.12 —18.88
5 +100.55 +84.67 +52.61 +25.31 +8.46 —25.24
6 —89.91 —89.62 -91.34 -103.62 —-103.07 -101.97
7 +37.25 +36.37 +36.58 —-24.55 -32.13 —42.88
8 -16.38 —24.84 -28.91 -59.11 -717.76 -115.06
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Continuation of Table

1 2 3 4 5 6 7

9 —20.44 —22.72 -30.89 -39.32 —44.52 —54.92
10 +112.46 +82.35 +32.45 +0.17 —22.21 —66.97
11 +98.03 +76.11 +39.31 +9.74 —8.51 —45.01
12 +77.22 +52.92 +14.21 -15.92 —34.52 —71.72
13 +85.48 +63.27 +25.56 -3.94 —22.16 —58.16
14 +93.86 +43.58 +21.32 +8.34 =745 —29.84
15 +61.64 +42.62 +10.34 -17.69 —33.35 —64.67

Results and Discussion

Dividing the temperature interval into three regions: low-temperature (298—600 K), medium tempera-
ture (600—1000 K) and high-temperature (1000-1500 K), we analyzed the efficiency of each reductant [18].
From table 1 it follows that in the first temperature region CO has the greatest reducing ability, then H,. In
this temperature range, carbon and methane, CdO, are not recovered. In the second temperature region, from
the thermodynamic point of view, at temperature of more than 760 K, carbon begins to recover CdO. More-
over, at temperature 1000 K carbon has the greatest reducing ability, then carbon monoxide (II) and hydro-
gen. In the third temperature region at T = 1500 K, an increase in reducing ability of substances is observed
in the series: C > H, > CO.

In waelz furnace, ZnO, PbO, and iron oxides are reduced to the form of Zn, Pb, and Fe [19]. As follows
from Table, the greatest reducing ability with respect to CdO in the third temperature zone is iron, then zinc
and lead, i.e. these metals are not inert with respect to CdO. Moreover, zinc and iron are able to reduce CdO
already at 298 K. An important circumstance is that metal cadmium can form in the absence of C, CO, CHy,,
Zn, Fe, Pb. Thus, according to the reaction 2CdO + CdS = 3Cd + SO, metallic cadmium can be obtained at
temperature of more than 1250 K in the presence of CdS.

In raw materials, in addition to oxide compounds, such sulfides (FeS, ZnS, PbS) can be present which
upon interaction with CdO (especially FeS) can form Cd already at 1150 K. PbS has a lower reactivity with
respect to CdO with the release of Cd. ZnS occupies an intermediate position between FeS and PbS. Thus,
based on the thermodynamic analysis, it follows that at temperature of 1500 K, the CdO reductant form a
series as the reactivity decreases: C(CO") > Fe(FeO") > Zn > H, > CO > FeS > (FeO") > C(CO,") >
> FeS(Fe,05%) > ZnS > CdS > Pb > PbS > CH,(CO,) > CH4(CO) (" — one of the products is indicated in
brackets).

Methane is capable of reducing CdO with formation of CO, at temperature of more than 1352 K and
with the formation of CO > 1468 K. By AG 500 value it was determined that when Cd is reduced by carbon
and hydrogen, the reactivity of cadmium-containing materials changes as follows: CdSO, > CdO >
> CdO-Fe,0; > CdO-SiO, > CdS and when methane is reduced by CdSO, > CdO-Fe,O; > CdO >
> CdO-Si0,>CdS.

Analysis of the equilibrium in the magnitude and sign of AG’; does not allow taking into account all
combinations of interaction of components among themselves. For taking into account these interactions, we
performed a thermodynamic simulation of Cd reduction from CdO and CdS using the «Astra-4» software
complex based on the principle of maximum entropy. The influence of the type and amount of reductant,
temperature and pressure on the degree of distribution of components between materials and reaction prod-
ucts and on the composition of the Cd gas phase from CdO and CdS were determined [20].

Figure 2 shows temperature effect (T) and pressure on transition degree (o) of cadmium to the gas
phase in CdO-C system, from which it follows that by decreasing the pressure (P) from 0.5 to 0.005 MPa Cd
can be reduced at a maximum T from 1150 to 800 K. Gas phase composition of CdO-C system also depends
on T and P (Fig. 3). The main components of the gas phase are Cd, CO and CO,.
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Figure 2. Effect of temperature and pressure Figure 3.Temperature effect on the gas phase
on the degree of cadmium recovery and transition composition of CdO-C system
(into the gas phase () in CdO-C system)
Conclusions

In the cost of the Waelz process the proportion of coke is from 21.7 to 37.5 %. Therefore, it is quite
natural to see interest in replacing coke with other less scarce materials. Thus, small anthracite and coal fines
with a ratio of 0.46, coal silt, semi-coke and coke from brown coal, as well as brown coals of Karaganda,
Lenger and Angren deposits are used in the Waelz process.

On an industrial scale it is shown that a 20 % degree of replacement of coke with Karaganda coal is
possible. The reactivity of coals in the Waelz process of zinc-containing materials is greater than coke
breeze. In our opinion, the question of partial replacement of the coke can be solved by using waste products
from hydrocarbon raw materials processing, for example oil sludges, the calorific value of which is up to 37—
39 MJ/kg. It was concluded that there is some restriction of the replacement of coke with coal, because the
high content of volatiles can lead to the destruction of bag filters. At the end of the 1980s, work was started
at the SKSSU to replace coke during the Waelz process of oxidized zinc ores to hydrolytic lignin. With par-
tial replacement of coke with hydrolytic lignin, the degree of sublimation of Zn is increased by 2.6 %. Weltz-
oxide contained 0.16-0.19 % of Cd (with a degree of sublimation of 95.8 %). When coke breeze was re-
placed with Taksomyrsai coal (coke/coal ratio = 8.4), the degree of distillation of Cd was 9.6 %, Zn —
90.2 %. The carbon content in the clinker decreased from 24 to 22.5 %, and in the cooler weltz-oxide from
12.9 to 12.1 %. Technical and economic calculations show that a 10—-11 % replacement of coke with coal
from the Taskomyrsai deposit will reduce cost price by 900-950 tenge.
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3.K. A6aukynoBa, A.b. ArabexoBa

KypaMbiHaa MBIPBIIIBI 62ap MaTepHAJAAP KIHE KeHIepAeH BeJbI-IPolece
apKbLIbI MYHA IIJIAMBIH NAaHAaJIaHA OTHIPBIN KAAMUIii 6eJiin aay

Makanana KypaMblHIa MBIPBILBI 0ap KeHAEpJeH KaaMHNAI Oelin amy oaicTepi KapacThIpbUIFaH. Albicail
pynanapsisa (0,1-0,2 % Cd) 40-50 % KOKC YHTaFrbl KOCBUIBII BEJbL-NPOLECC apKbUIbI IEIITe KYWHAipiiai.
Benbi-niporiece  kesiHae KaaMuiAiH aiinamy nopexeci 92-95 % kypaiinel. Benbl-nponecc eHiMIepiHiH
Kxypameraaa 0,05-1,2 % Cd 6ap. Kypamempa xagmwmiii 6ap KeHAepAl XKoHE >KapThUIail eHIMIEpIi eHaey
THIMIITIr] KOKC YHTAFBIH ap3aH MaTepHaJIMEH alMacThIpyFa OailmaHeICThL. Makamama KypaMbIHAA KaJMHH1
6ap MarepuanIIap/Abl OHACY Ke3iHae MyHail IUIaMbIH KOJIIaHy MYMKIHAITIH HETi3AeHTIH 3epTTey HOTIDKenepi
KkenTipinren, Tu66c SHEPrUACHHEIH o3repyiH (AG'r) ecenTey apKbUIbI, HELITIH OPTYPIi TEMIepaTypaIblk
alfiMarblHIa KOMIPTETiH, MyHail [UIAMBIH KOJIIaHA  OTHIPBIN, KaJAMHIJIH  TOTHIKCHI3IaHYBIHBIH
TEPMOJMHAMHUKAIIBIK BIKTUMAJIBUIBIFBI aHBIKTAIIBL. «ACTpay OaraapiaMaliblK KeHICH i Maiaaiana OThIPHIIL,
TEPMOJMHAMHUKAIBIK MOJEJBJCY apKbUIbl KaJIMHHAIH TOTBIKCHI3ZAAHYbIHBIH TEIE-TEHIIK JIOpeXkKeci KoHe
ra3nsl (asara aysicysl, 300-1500 K temnepatypa xone 0,05-0,5 MIla KpIchIM apabIFbIHAA Ta3bl (a3aHbIH
Kypambl aHblkTangpl. CdO-He KaTbICThl TOTHIKCHI3JAHABIPFBIITAPIBIH OacTanksl peakuusiacy Kabineri
keneci karap OoitbiHina esrepeni: H,>CH>C,Hs>C,H,>CO>C>H,S>Zn; an CdS-He KaTblcThl Oy1 Katap
kemeci typre me: H,>C,H,>CdSO,s>H,0>C. Xorapsl TemmepaTypaga TOTBIKCBHI3NAHIBIPFBIIITEIH TYpi
KaJIMUil alipayra ocepid turizoeiini (on T > 1300 K 6onranma o> 99 % kypaitnsr). CdO — CdS — mynaii
niaM xyitecinge opexerrecy, T > 400 K kesinge CdO-men Cd-ziH TOTBIKCEI3AAaHYHI OaliKamaasl. Opi Kapai
T>1100K kesinne CdS-wen Cd-miH TOTBIKCHI3OaHYBI )Ky3ere achin, on 7 2> 1300 K kesinge makcumymra
KeTesi.

Kinm coe30ep: >xapTbinail ©HIM, MBIPBHII KOHIEHTPATHI, IIAHABI OHACY, MHPOMETAJUTYypIrHs, THIpOMETall-
Jyprusi, BeMbI-TIPOIIece, KypaMbIHAA KaaMuUifi 6ap KOCBUIBICTAp, KAAMUHIIH TOTHIKCHI3IAHYb, MYHal [IIAMBIL.
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N3BieyeHne KaaMus U3 HUHKCOAEPKANUX MAaTEPHAJIOB U Py BeJiblleBaHUEM
€ UCMOJIb30BAHUEM HE(PTSIHOIO HIJIaMa

B cratbe paccMOTpeHBI cOCOOBI M3BIEUEHHS KaaMUsI M3 Py/ U KeKoB. BenmpueBanue auncaiickux pyn (0,1—
0,2 % Cd) npoBoauioch B Me4n B NPUCYTCTBUU 45—55 % KOKCa OT Macchl PyJHON MIMXThL. B BO3roHsI u3-
Biekaercs 10 92-95 % xagmus. Beixon Bo3roHoB cocTaBiseT 16—-18 % oT mMaccsl pyaHOH MUXTEL. Bo3roHs
BenbleBanus copepikar ot 0,05 1o 1,2 % Cd. DddexruBHOCTD NEpepabOTKN KaaMHUHCOAEPKAIMX Py U HO-
JyNPOJYKTOB BEJILLICBAHUEM BO MHOTOM 3aBHCHT OT CTEIEHM 3aMEHbl KOKCOBOH MENOYM Ha MEHee JI0poro-
cTosimue Matepuainsl. [IpuBeneHs! pe3ynbTaTsl HCCIeJOBAaHUH, 000CHOBBIBAIONINE BO3MOKHOCTE HCIIOJNIB30-
BaHMS HE()TSHOTO IIIaMa MPH BEJIBLEBAHUN KaJAMHHCOAEPIKAIINX MaTepPHANIOB, pacdeToM sHepruu [mb6ca
AG;® ompesenesa TepMOIMHAMUYECKAS BEPOATHOCTh BOCCTAHOBICHHS KaJMHS M3 KaJMHICOIEPHKALIUX CO-
€IMHEHNI B IPUCYTCTBUH YIJIEpOo/a, He(hTIHOTO MIJaMa M COCTABIIIIONINX €T0 YIIIEBOJOPOAOB B Pa3IMIHBIX
TEeMIIepaTypHBIX 30HAX BENbI-TIEYH. TepMOJMHAMIYCCKAM MOJISIHUPOBAHNEM C HCIIOIB30BAHUEM IIPOTPAMM-
HOTO KOMILJIEKCa «ACTpa» YCTaHOBJICHA PaBHOBECHAsS CTEIICHb BOCCTAHOBJICHHUS M IepexoJia KaaMus B razo-
ByIO a3y, cocTaB ra3oBoi ¢assl B TemneparypaoM uaTepaie 300-1500 K u naBnenusx 0,05-0,5 MIla. V-
TaHOBJICHO, YTO HayaJlbHasl PEaKIIMOHHAs CIIOCOOHOCTh BoccTaHoBUTeNeH 1Mo oTHOMEeHHIO K CdO n3mensercs
B pany: H,>CH,>C,Hs>C,H,;;>C,H,>CO>C>H,S>Zn, a no orHomenuto k CdS 3TOT psim mMeer BHI:
H,>C,H,>CdSO,>H,0>C. IIpu BBICOKHX TeMIiepaTypax BUJ BOCCTAHOBUTENS HE OKa3bIBACT BIUSIHUS HA OT-
roHky Cd (oHa cocraBiser 0. >99 % npu T > 1300 K). Bzaumoneiicteue B cucteme CdO — CdS — HedsiHol
nutam otMedaercss mpu Temmepatype T >400 K BoccranoBnenmem Cd m3 CdO. B mocnmemyromem mpu
T > 1100 K mpoucxoaut BoccranoBieHne Cd u3 CdS, mocruras makcumyma pu T > 1300 K.

Kniouesvie cnosa: pOMIPOIYKTHI, INHKOBBIE KOHIICHTPATEI, epepaboTka MbUIeH, MTHPOMETaLTyprus, TH/I-
pOMETa/UTYprusi, BelblieBaHHE, KaAMHUHCOIEpXKallle COEAMHCHUs, BOCCTAHOBICHHME KaiaMus, HE(TSIHbIC
IITaMBI.
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