
Серия «Химия». № 3(91)/2018 105 

ХИМИЯЛЫҚ ТЕХНОЛОГИЯ 
ХИМИЧЕСКАЯ ТЕХНОЛОГИЯ 
CHEMICAL TECHNOLOGY 

UDC 66.011 

Z.K. Abdikulova, А.B. Agabekova 

Kh.A. Yassawi International Kazakh-Turkish University, Turkestan, Kazakhstan 
(Е-mail: azagipa@mail.ru) 
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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 ΔGT

0, 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: H2>CnHm>>CdSO4 >H2O>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 ºС 
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 350–4000С, dissolved in hy-
drochloric acid with distillation of GeCl4. 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. Сd 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: 
 

 
 

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 + CdCl2 (5.6–16.6 %), CdS (4.2–22.4 %), CdO·Fe2O3 (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 ºC the degree of disso-
ciation is 69 %, and at temperature 1250 ºC is 87 %. Noticeable volatilization of CdO is noted at temperature 
900–1000 ºC. The vapor pressure of CdO is 760 mm Hg is noted at 1559 ºC. Moreover, cadmium oxide dis-
sociates in the gas phase at the temperature > 1150 K: 
 2CdO = 2Cd + O2 

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. 
 

 

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, CdSO4, CdO⋅SiO2, 
CdO⋅Fe2O3, and CdCО3. 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 (ΔGТ

0) [14]. 
The calculation of (ΔGТ

0) was carried out with the help a computer program developed by Auezov SKSU 
[15] based on the equation: 
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where, ΔН298 and ΔS0
298 — is change in enthalpy and entropy of the system at 298 К, kJ/mol and 

J/(mol·deg); ΔСp1–ΔCpn — is change in heat capacity of the system in the corresponding temperature range; 
T1–Tn — are temperatures of the first and last phase and modification transitions of the reaction participants, 
K; T — is final calculation temperature, K; ΔН1–ΔНn — 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 ΔGT

0 reduction of cadmium (II) oxide by carbon, carbon monoxide (II), 
hydrogen, methane, iron, lead, zinc and cadmium sulfide by reactions: 
 CdO + C = Cd + CO (1) 
 CdO + CO = Cd + CO2 (2) 
 CdO + H2 = Cd + H2O (3) 
 3CdO + CH4 = 3Cd + 2H2O + CO  (4) 
 4CdO + CH4 = 4Cd + CO2 + 2H2O  (5) 
 CdO + Zn = Cd + ZnO  (6) 
 CdO + Pb = Cd + PbO  (7) 
 CdO + Fe = Cd + FeO (8) 
 3CdO + 2Fe = 3Cd + Fe2O3  (9) 
 2CdO + C = 2Cd + CO2  (10) 
 2CdO + CdS = 3Cd + SO2 (11) 
 3CdO + FeS = 3Cd + FeO + SO2 (12) 
 3CdO + ZnS = 3Cd + ZnO + SO2  (13) 
 3CdO + PbS = 3Cd + PbO + SO2 (14) 
 7CdO +2FeS = 7Cd+ Fe2O3 + 2SO2 (15) 
are given in [17] and Table. 

T a b l e  

Temperature effect on ΔGТ
0 reduction of Cd from CdO 

Reactions No. 
ΔGТ

0, kJ/g-at Cd 
298 К 594 К 1038 К 1200 К 1300 К 1500 К 

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 –77.76 –115.06 
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C o n t i n u a t i o n  o f  T a b l e  
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 –7.45 –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 H2. 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 > H2 > 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, CH4, 
Zn, Fe, Pb. Thus, according to the reaction 2CdO + CdS = 3Cd + SO2 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: С(СО∗) > Fe(FeО∗) > Zn > Н2 > СО > FeS > (FeО∗) > С(СО2

∗) > 
> FeS(Fe2О3

∗) > ZnS > CdS > Pb > PbS > СН4(СО2) > СН4(СО) (* — one of the products is indicated in 
brackets). 

Methane is capable of reducing CdO with formation of CO2 at temperature of more than 1352 K and 
with the formation of CO > 1468 K. By ΔG0

1500 value it was determined that when Cd is reduced by carbon 
and hydrogen, the reactivity of cadmium-containing materials changes as follows: CdSO4 > CdO > 
> CdO⋅Fe2O3 > CdO⋅SiO2 > CdS and when methane is reduced by СdSO4 > CdO⋅Fe2O3 > CdO > 
> CdO⋅SiO2 >CdS. 

Analysis of the equilibrium in the magnitude and sign of ΔG0
т 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 (α) 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 Сd 
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 CO2. 
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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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Құрамында мырышы бар материалдар жəне кендерден вельц-процесс  
арқылы мұнай шламын пайдалана отырып кадмийді бөліп алу 

Мақалада құрамында мырышы бар кендерден кадмийді бөліп алу əдістері қарастырылған. Ащысай 
рудаларына (0,1–0,2 % Сd) 40–50 % кокс ұнтағы қосылып вельц-процесс арқылы пеште күйдірілді. 
Вельц-процесс кезінде кадмийдің айдалу дəрежесі 92–95 % құрайды. Вельц-процесс өнімдерінің 
құрамында 0,05–1,2 % Сd бар. Құрамында кадмийі бар кендерді жəне жартылай өнімдерді өңдеу 
тиімділігі кокс ұнтағын арзан материалмен алмастыруға байланысты. Мақалада құрамында кадмийі 
бар материалдарды өңдеу кезінде мұнай шламын қолдану мүмкіндігін негіздейтін зерттеу нəтижелері 
келтірілген, Гиббс энергиясының өзгеруін (ΔG0

Т) есептеу арқылы, пештің əртүрлі температуралық 
аймағында көміртегін, мұнай шламын қолдана отырып, кадмийдің тотықсыздануының 
термодинамикалық ықтималдылығы анықталды. «Астра» бағдарламалық кешенді пайдалана отырып, 
термодинамикалық модельдеу арқылы кадмийдің тотықсыздануының тепе-теңдік дəрежесі жəне 
газды фазаға ауысуы, 300–1500 К температура жəне 0,05–0,5 МПа қысым аралығында газды фазаның 
құрамы анықталды. CdО-не қатысты тотықсыздандырғыштардың бастапқы реакцияласу қабілеті 
келесі қатар бойынша өзгереді: H2>CH4>C2H6>C2H2>CO>C>H2S>Zn; ал CdS-не қатысты бұл қатар 
келесі түрге ие: H2>CnHm>CdSO4>H2O>C. Жоғары температурада тотықсыздандырғыштың түрі 
кадмийді айдауға əсерін тигізбейді (ол Т > 1300 К болғанда α > 99 % құрайды). CdО – CdS – мұнай 
шлам жүйесінде əрекеттесу, Т > 400 К кезінде CdО-нен Cd-дің тотықсыздануы байқалады. Əрі қарай 
Т > 1100К кезінде CdS-нен Cd-дің тотықсыздануы жүзеге асып, ол Т ≥ 1300 К кезінде максимумға 
жетеді. 

Кілт сөздер: жартылай өнім, мырыш концентраты, шаңды өңдеу, пирометаллургия, гидрометал-
лургия, вельц-процесс, құрамында кадмийі бар қосылыстар, кадмийдің тотықсыздануы, мұнай шламы. 
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Извлечение кадмия из цинксодержащих материалов и руд вельцеванием  
с использованием нефтяного шлама 

В статье рассмотрены способы извлечения кадмия из руд и кеков. Вельцевание ачисайских руд (0,1–
0,2 % Сd) проводилось в печи в присутствии 45–55 % кокса от массы рудной шихты. В возгоны из-
влекается до 92–95 % кадмия. Выход возгонов составляет 16–18 % от массы рудной шихты. Возгоны 
вельцевания содержат от 0,05 до 1,2 % Сd. Эффективность переработки кадмийсодержащих руд и по-
лупродуктов вельцеванием во многом зависит от степени замены коксовой мелочи на менее дорого-
стоящие материалы. Приведены результaты исследовaний, обосновывающие возможность использо-
вания нефтяного шлама при вельцевании кадмийсодержащих материалов, расчетом энергии Гиббса 
ΔGT

0 определена термодинамическая вероятность восстановления кадмия из кадмийсодержащих со-
единений в присутствии углерода, нефтяного шлама и составляющих его углеводородов в различных 
температурных зонах вельц-печи. Термодинамическим моделированием с использованием программ-
ного комплекса «Астра» установлена равновесная степень восстановления и перехода кадмия в газо-
вую фазу, состав газовой фазы в температурном интервале 300–1500 К и давлениях 0,05–0,5 МПа. Ус-
тановлено, что начальная реакционная способность восстановителей по отношению к CdО изменяется 
в ряду: Н2>СН4>С2Н6>С4Н10>С2Н2>СО>С>Н2S>Zn, а по отношению к CdS этот ряд имеет вид: 
H2>CnHm>CdSO4>H2O>C. При высоких температурах вид восстановителя не оказывает влияния на от-
гонку Cd (она составляет α >99 % при Т > 1300 К). Взаимодействие в системе CdO – CdS – нефтяной 
шлам отмечается при температуре Т >400 К восстановлением Cd из CdO. В последующем при 
Т > 1100 К происходит восстановление Cd из CdS, достигая максимума при Т ≥ 1300 К. 

Ключевые слова: промпродукты, цинковые концентраты, переработка пылей, пирометаллургия, гид-
рометаллургия, вельцевание, кадмийсодержащие соединения, восстановление кадмия, нефтяные 
шламы. 
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