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IMPROVING THE TECHNOLOGY
OF WAELZATION OF ZINC CAKES

Abstract. Today, about 90% of zinc in the world is produced by the hydrometallurgical method. In zinc plant of Almalyk Mining and Metallurgical Complex
a mixed technology is used for zinc production: roasting — leaching — purification from impurities — electrolysis, the extraction of zinc from concentrates is
92.5-94%. The waelz process makes it possible to achieve high rates of zinc extraction, however, it has the following disadvantages: an increase in the content
of chlorine, fluorine and reducing agent leads to contamination of solutions with impurities. Experiments were carried out to remove process impurities by water-
alkaline washing and calcination of waelz-oxides. Washing of secondary sublimates after preliminary calcination of waelz-oxides allows to effectively solve the
problem of reducing the content of reducing agent, chlorine and fluorine from the technological cycle of zinc production.
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MpbIpbIi KEKTEPiH BeJbIHUpJIey TEXHOJIOTHIChIH KeTiIAipy

Anparna. Kasipri Tanma gyHue xys3inge MbIpsiThie 90%-Fa sKybIFbI THAPOMETAILUTY PTUSUIBIK diciieH oHaipiteai. «Anmansik TMK» AK MbIpbiin eHaipicinae
apajiac TeXHOJIOIMSI KOJIAaHbUIa/bl: KYHAIpy — IiaiiMaiay — KOCIalapAaH Ta3apTy — SJIEKTPOJIN3, KOHLEHTpATTapiAaH MbIpsi ainy 92,5-94% kypaiiasl. Benbig
MPOLIECI MBIPBILI AKCTPAKIHMSICHIHBIH KOFapbl KOPCETKIIITEPiHE KOJI )KETKI3yre MyMKiH/IK Oepei, Oipak OHbIH KeJleci KeMIIUTIKTepi 0ap: XJIOpAbIH, PTOP/IbIH )KIHE
KaJIIbIHA KENTiPrillTiH MOIIEPiHiH )KOFapblIaybl epiTiHAIIEeP/IiH KOCIAJIapMEH JaCTaHyblHA OKeleli. Besbll OKCHITEPiH Cy-CIITIMEH XKYyY JKOHE KYWipy apKbIIbl
TEXHOJIOTHSJIBIK KOCTIAIAP bl KOO YIIiH ChIHAKTAP XKYPri3iani. Beably okcuaTepin aiblH ajna KYHAipyIeH Keifin Kaiitarama cyOaMMaTThl 5Kyy MBIPBILI OHIIPICiHIH
TEXHOJIOTHSUIBIK IIUKJITHEH TOTBIKCHI3IaHIBIPFBIIITHIH, XJIOP MEH (GTOP/BIH KYPaMBIH a3aiTy MoceIeciH THiM/II Ienryre MyMKiHJIik 6epe/i.

Tyitinoi ce30ep: muipblu Mopmibl, ebly-0KCUOL, WUXMA, JICYY, GeNbYMEY, CYOIUMAMMAP, XUMUANBLK KYPaMbl, (PPAKYUATLIK KYPAMbL, MEMNepamypd, SKCMpakyus.

YCOBepIIIeHCTBOBaHI/Ie TEXHOJOTUM BCJIbICBAHUA IMHKOBBIX KEKOB

AnHoTtanusi. Ha ceronnsamnauii 1eHb okono 90% nuHKa B MUpPE MPOU3BOISAT T'MAPOMETAUIypPru4eckuM MeToaoM. B nuHkoBoMm mpousBoactee AO «Amnma-
seikeknit 'MK» npuMeHsieTcs: CMeIIeHHast TEXHOJIOTHs: 00XHT — BBII[EIauNBaHUE — OUYNUCTKA OT MPHMECeH — 3IeKTposn3. V3BieueHne [IHKA U3 KOHIICHTPATOB
cocrasiseT 92,5-94%. BenbI-niporiecc Mo3BOJISET JOCTUTHYTh BRICOKHX ITOKa3aTeNnei 1o N3BJICUCHUIO IIMHKA, OJJTHAKO UMEET CIICTyIONIHe HEJTOCTATKH: yBeInde-
HUE COoJiep KaHMsl XJI0pa, GTopa ¥ BOCCTAHOBUTEIISI IPUBOIUT 3arpsI3HEHUIO PACTBOPOB NMpUMecsiMH. [IpoBeieHbl HCIIBITAHUS 110 YAAJICHUIO IIpUMecel mpoliecca
BOJIHO-IIIEJIOYHON OTMBIBKOM M MPOKAIMBAHUEM BEJIbI-OKHCIOB. OTMBIBKA BTOPHUHBIX BO3IOHOB IOCJIE MPEABAPUTEIBHOM MPOKAIKH BEIbI-OKHCIOB MO3BOJISET
9((HEKTUBHO PELINTH 3a/1a1y YMECHBIICHHUS COACPKAHUS BOCCTAHOBUTES, XJI0pa U Topa U3 TEXHOIOTHIECKOTO [IHKIIA IIMHKOBOTO TPOM3BO/ICTBA.

Knroueswie cnosa: L[uHKOG’blﬁ K€K, 6e/by-0OKUCb, wuxma, ommusleKa, elbyecadnue, 60320HbL, XUMUYECKULL cOCmas, d)paKMuOHHblﬁ cocmas, memne-

pamypa, uzeiedeHnue.

Introduction

Today, about 90% of zinc in the world is produced
by the hydrometallurgical method. According to this
method, the resulting calcine after oxidative roasting of
sulfide zinc concentrates is subjected to leaching with
sulfuric acid, after which leaching precipitates (zinc
cake) are formed with a high content of zinc (18-24%)
and copper (0,3-1,5%). Zinc and copper in cakes are in
the form of sparingly soluble ferrites. The main method
of cake processing is the waelz process, based on
reductive-distillation pyrometallurgical processing
of cake at temperatures of 1200-1300°C, resulting in
sublimates (waelz zinc oxide) and clinker. Waelz-oxide
undergoes leaching and further electrolytic extraction of
zinc. Clinker is processed to extract copper.

At present, one of the main indicators of any production
is its competitiveness, which means high technical and
economic efficiency and solution of environmental issues.
From these positions, the task of improving the technology
of zinc production at the stages of processing intermediate
products is relevant. In the zinc production of Almalyk
Mining and Metallurgical Complex (AMMC), the main
share of the cost of extracted metals is the cost of purchased
raw materials. The price of zinc in sulfide zinc flotation
concentrates is more than half of the cost of the metal.

The extraction of metal, in turn, is predetermined by
the existing technology. Although at present up to 92,5-
94% of zinc is extracted into metal from concentrates, the
main part of the losses falls on tail products, the extraction

of which is not economically feasible. Therefore, the task
of reducing the loss of zinc in the main technological
process upon receipt is topical.

Research methods and results

In the production of zinc by the hydrometallurgical
method, after leaching the calcined zinc concentrate,
zinc cakes remain, which contain lead, zinc, silver, and
some other valuable metals. To extract lead, zinc and
valuable metals from cakes by pyrometallurgical method,
zinc cakes are usually subjected to waelz process, during
which almost all zinc, most of lead, cadmium and
indium, partly copper, precious metals and some other
components pass into waelz sublimates. At the same time,
silver, the content of which in zinc cake is usually 200-
400 g/t, is transferred by 50% or more to the residue of
waelz process — copper clinker (3-4% copper), which is
processed together with copper concentrate in the copper
smelter of AMMC. Having gone through all the stages of
copper smelting and electrolyte production, noble metals
are concentrated in copper electrolyte slime, which is
processed according to a separate scheme [1].

The aim of the work is to conduct research on
technological processes that allow increasing the extraction
of metals from raw materials due to its separation from
zinc cakes by washing and changing the temperature
during calcination, waelz process, the study of subsequent
processing processes, obtaining more valuable and high-
quality commercial products, to the extraction of zinc
and its return to technological cycle. To achieve this goal,
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Table 1
Chemical composition of zinc cake, %
Kecme 1
Mbutpoiue mopmuIHbIH XUMUANBIK, Kypamol, %
Tabnuua 1
Xumuueckuii cocmae YUHK06020 Keka, %
Zntotal anater Znacid Cl F C Swtal SS04 Pb Fe Sioz
21,42 5,59 13,26 0,039 0,0024 0,14 7,69 6,86 6,48 15,21 9,39
AL0, Cu Cd reducing agent Au, g/t CaO MnO Mg K As In
1,42 2,32 0,21 4,01 1,22 2,67 0,85 0,49 0,28 0,35 0,006
Table 2
Mineralogical composition of zinc cake, %
Kecme 2
Muipoiu mopmuinvly MUHEPANOZUATBIK, Kypambl, %
Taonuuya 2
Mumnepanozuueckuii cocmag yUHK08020 Keka, %
Compounds, %
Product name .
Zn,, ZnSO0, Zn0 Zn0-Si0, ZnS ZnFe,0,
21,42 7,97 3,05 3,44 1,07 6,11
CuFe,0, CuSO,-5H,0 Cu,S CuO Cdo CaSO,-2H,0
Zinc cake 5,25 1,45 0,16 0,03 0,02 7,16
PbSO, FeS Fe,0, CaCO, MnS MgO
6,05 1,27 0,56 1,45 1,28 0,45

a technology has been developed to extract zinc and other
valuable metals into marketable products.

For research, a sample of zinc cake was taken from
zinc plant of AMMC. The results of the chemical
and mineralogical composition of zinc cake using the
methods of spectral analysis are given in table 1-2.
Of industrial interest are the extraction of metals zinc,
copper, lead, cadmium, iron, etc. From the spectral
analysis of zinc cake [2], it can be seen that zinc cake
contains more than 20% zinc, 2% copper and 15%
iron. The main chemical compounds of zinc cake are
sphalerite, zinc ferrite, copper ferrite, copper sulfate,
zinc sulfate, gypsum, lead sulfate and metal silicates.

As shown by the feasibility study of modern methods
of zinc cake processing, the waelz process is still one of
the effective technologies. The process is popular because
of its versatility, ease of maintenance, and other benefits.
The advantage of the waelz process is the possibility
of recycling zinc-containing waste: lead smelting slag,
sludge from wastewater treatment containing zinc, waste
from metallurgical and chemical enterprises, tailings of
processing plants, etc. [3]. The waelz process makes it
possible to achieve high rates of zinc extraction (more than
90%), however, it has the following disadvantages' [4]:

= high consumption of imported expensive coke (462 kg
of carbonaceous material is consumed per 1 ton of cake);

= high temperature of the waelz process;

= huge consumption of energy — natural gas up
to 500 m*/hour;

= the problem of extracting other valuable
components of the cake — copper, iron, gold, silver,
lead, etc., due to the lack of cost-effective technology
for processing zinc clinker;

= pollution of the environment by products of processing
(sulphur-containing exhaust gases, hard-to-recycle clinker);

= expensive, due to the high consumption of coke.

At zinc plants with sulfide raw materials, oxidized
zinc-containing materials (waelz-oxides and slag
sublimes) are also processed, containing a significant (1-2
orders of magnitude higher than in sulfide raw materials)
amount of impurities harmful to hydrometallurgical
production (4s, Sb, CI, F, etc.). If arsenic and antimony
are sufficiently completely precipitated during the
hydrolytic purification of sulfate zinc solutions, then the
methods used for precipitating chlorine from solutions
in the form of copper semichloride by means of copper
cake and in the form of silver chloride have significant
drawbacks: contamination of solutions with impurities,
especially antimony, and the high cost of the reagent.

A large amount of chlorine in neutral solutions fed
into the electrolysis process leads to the release of
elemental chlorine at the anodes and, as a result, to the
formation of compounds with lead (since the anode is
made of lead). Due to the fact that these compounds

'Kholikulov D.B. Development of technology for processing technological solutions and cakes of copper, zinc production in order to extract valuable metals. /
Abstract of the dissertation of the Doctor of Technical Sciences (DSc): specialty 05.02.01: Materials science in mechanical engineering. Foundry production. Heat
treatment and pressure treatment of metals. Metallurgy of ferrous, non-ferrous and rare metals. — Tashkent, 2020. — 208 p. (in Russian)
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are readily soluble in sulfate, they lead to accelerated
anodic corrosion and deterioration of the quality of the
cathode deposit (zinc released at the cathode).

As a result of the presence of fluorine ions in a neutral
solution, the decomposition of the oxide film on the surface of
aluminum cathodes is observed. As a result, aluminum begins
to dissolve and hydrogen is released. In addition, part of the
zinc metal deposited on the surface of aluminum cathodes
becomes more rigid than usual and is difficult to bear.

The reducing agent (mainly carbon in waelz-oxides)
slows down the electrolysis process and sharply reduces
the current efficiency factor. If the amount exceeds the
prescribed limit, the aluminum cathodes redissolve the zinc
on the surface (reverse dissolution).

At Chelyabinsk Zinc Plant, a complex technology has
been introduced, including waelz process, calcination
ofthe obtained waelz sublimates in a large-sized tube furnace
and leaching of the calcined products with the extraction
ofzinc, cadmium and indium into solutions, and lead into lead
concentrate [5]. The paper presents the currently accepted
three-stage scheme for the hydrometallurgical processing
ofcalcinedwaelz-oxide,theoptimaltechnological parameters
of the process under these conditions, the compositions
of the starting material for processing, as well as the
resulting lead concentrate. Compared to the processing
of'anon-calcined product (with pre-washing from C/ and F),
the technology of hydrometallurgical processing of calcined
waelz oxide made it possible to increase the productivity
of the existing capacities of the leaching department of
the hydrometallurgical shop by 33-36% due to an increase
in the bulk density of the product (from ~0,92 to
2,0t/m*) and reduce losses with commercial lead concentrate
by 2,7% zinc, 4,6% cadmium by increasing the solubility
of zinc (by 3,8%) and cadmium (by 35,3%).

The invention® allows increasing the yield of suitable
sinter, improving the quality of the sinter and reducing
fuel and energy costs for its production. The mixture
contains, wt. %: circulating products of agglomeration
30-40; products of distillation production of zinc 15-25;
oxidized zinc raw materials — the rest, and as products of
the distillation production of zinc, rimming, dump clinker
from rimming waelz or a mixture thereof is used.

The work [6] is devoted to increasing the degree of
use of the waelz furnace and reducing fuel consumption,
including the operations of mixing, pelletizing and drying
zinc cake together with a solid carbonaceous reducing agent
and waelz of the rolled material. A refractory calcium-
magnesium-containing material, a solid carbonaceous
reducing agent, recycled waelz and drying dusts are fed to
the stage of mixing and pelletizing. The amount of recycled

drying and waling dusts is 15-30% for the essential waelz
process. With an increase in coke consumption from 40%
to 45%, the waelz treatment of zinc cakes improves.

The method® for obtaining zinc oxide by using waelz
process of highly basic oxidized zinc ore mixed with quartz-
containing material (ferrosilicon production waste slag in
the amount of 5-15% by weight of the charge or a mixture
of quartz sand and ferrosilicon production waste slag, taken
respectively in the amount of 2-5% and 5-10% of the mass
of the charge) and a solid carbonaceous reducing agent,
reduces the consumption of the reducing agent, increases
the degree of extraction of zinc and improves the quality
of sublimates. The consumption of the reducing agent is
in the amount of 10-30% by weight of the charge. The
disadvantages of these methods are the low utilization rate
of the waelz furnace and the high fuel consumption.

The method* of pyrometallurgical processing of zinc-
containing materials includes the preparation of a mixture
of zinc-containing material and a solid carbon-containing
reducing agent, agglomeration of the mixture and subsequent
processing of the well of the agglomerated mixture together
with a solid carbon-containing reducing agent. The mixture
also contains fine fractions of limestone in the amount
of 2-10% by weight of the zinc-containing material, the
agglomeration of the mixture is carried out by pressing it,
and before the mixing operation or simultaneously with
it, the zinc-containing material is crushed, an increase in
the zinc content in weltz oxide is provided, a decrease in
the consumption of a carbonaceous reducing agent and
simplification technologies for processing zinc-containing
materials. The disadvantage of this method is the low
strength of the pellets, which leads to their destruction
during transportation to the furnace for waelz processing.

The method® is carried out by treating zinc cakes in
waelz furnace with a solid carbonaceous reducing agent
and supplying the chlorine-containing material with
high-pressure air from the lower cone of the furnace
to the one heated to a temperature of 1050-1150°C.
The waferable material reduces losses with clinker and
reduces the chlorine content in waelz-oxide.

The analysis of the reviewed literature and the practice
of operating enterprises on the problem of the technology
of waelz process of zinc production cakes allows us to
draw the following conclusions.

1. Various technological schemes are used for cake
processing, and they are quite complex, many stages,
expensive and, most importantly, complete extraction
of metals is not achieved due to the strong association
of minerals and ions. The production of a high-quality
product by the «roasting — leaching with various

’Chaptykov P.G., Maisky O.V., Loginov N.V., Schneider I.G., Rudko N.A. Charge for agglomeration of zinc-containing materials. / Description of the invention
to the copyright certificate SU 1346688 A1. Application number: 4057857. Registration date: 04.18.1986. Date of publication: 10.23.1987. — 4 p. (in Russian)

3Ospanov Zh.O., Onaev I.A., Najmanbaev M.A., Golev G.D., Sejdaliev M.T., Makhsutov Zh.M., Rakhmanov U.R. Process for producing zinc oxide.
/ Description of the invention to the copyright certificate SU 1068524 Al. Application number: 3550920. Registration date: 11.23.1982. Date of publication:

23.01.1984. (in Russian)

“Shashmurin P.I., Posokhov M.Ju., Stepin M.B., Demin A.P., Stukov M.I., Zagajnov V.S. Method of pyrometallurgical processing of zinc-containing materials.
/ Patent for invention RU 2244034 C1. Application number: 2003127667/02. Registration date: 11.09.2003. Date of publication: 10.01.2005. — 9 p. (in Russian)
SKazanbaev L.A., Kozlov P.A., Kolesnikov A.V., Reshetnikov Ju.V. Method of rolling zinc cakes. / Patent for invention RU 2150525 CI. Application number:
98118215/02. Registration date: 05.10.1998. Date of publication: 10.06.2000. (in Russian)
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solvents» scheme is ensured by the use of effective, but
rather complex hydrometallurgical schemes. Obviously,
the hydrometallurgical processing should be preceded
by oxidative roasting, which converts metals into a
soluble state. At zinc plant of AMMC, for the processing
of zinc cakes, a distillation method is used, which is
based on the solid-phase reduction of zinc from cakes
(waelz process). As a result of the waelz treatment of
zinc cakes, sublimates and lead-zinc oxides are formed,
contaminated with iron, antimony, arsenic, chlorine
and fluorine, and the solid residue is carbon clinker
containing copper, gold, silver and other metals [5].

Methods for processing cakes with the melting of the
charge are based on the same principle — melting of cakes
in gas-generating furnaces and shaft furnaces. Cakes are
melted in a mixture with fluxes without adding other metal-
containing materials to obtain lead-zinc fumes contaminated
with impurities, copper-iron matte and slag [7].

Due to a significant increase in the volume of
processing of oxidized raw materials at AMMC, the issue
of removing chlorine, fluorine, and especially organic
compounds from sublimates is becoming increasingly
important. Industrial tests of the process of water-
alkaline washing of waelz-oxides were carried out, the
dependence of the parameters of the washing process on
the pH of the medium was studied using soda (Na,CO,)
as a neutralizing agent, under the following conditions
— the duration of agitation is 0,5...2 h, #=25...60°C;
W:T = (3...5):1 (figure 1). The results obtained indicate
the possibility of sufficiently satisfactory washing of the
waelz-oxides from C/ (by 80%) and F (by 70%) at a pulp
pH of 8,0-8,5. The consumption of soda is 20-25 kg/t
of waelz-oxides. Increasing the duration of agitation to
2 hours and the temperature of the washing water to 50°C
does not have a significant effect on the degree of washing
off chlorine and fluorine from the waelz-oxides. With an
increase in the ratio W:S from 5:1 to (8...10), the degree
of washing off impurities increases by 5-7%. Based
on the results of the studies carried out, the following
mode is recommended for water-alkaline washing of
waelz-oxides from chlorine and fluorine: pH = §,0...8,5;
7=1,5h; t=20-30°C; W:T = (4...5):1.

The water-alkaline washing process, despite its certain
advantages, causes an additional input of water into the
process due to the moisture of the washed sublimates
and does not allow a significant reduction in the content
of inorganic and organic reducing agents. Experiments were
carried out to remove impurities by calcining the waelz-
oxides. The research results showed that with increasing
temperature, a multi-stage decomposition of complex
sulfides of copper, iron and other metals were observed,
occurring in a wide temperature range — 700-850°C.
The change in the content of waelz-oxide impurities depends
on the temperature and duration of the process (figure 2-3).

With an increase in the calcination temperature
from 700°C to 900°C, the zinc content in the calcined
waelz-oxides increases to 62,1%, and the content of
the reducing agent, chlorine and fluorine decreases to
0,47%; 0,044% and 0,0009%, respectively.
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Figure 1. The results of washing waelz oxide with soda
depending on the degree washing C/ and F from pH.
Cyper 1. Jlppexecine 6ailyiaHbICTHI BeJIbL-OKCH/IIH
conamMeH :Kyy HoTu:kesepi pH nenreiiinen Cl :xxone F iKyy.
Puc. 1. Pe3ybTaThl OTMBIBKH BeJIbI-0KCH/IA COTOMH
B 3aBHCHUMOCTH OT cTeneHd oTMbIBKHN C/ u F ot pH.
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Figure 2. Change the content of impurities (Zr, , and
reducing agent) waelz-oxide depending
on temperature.

Cyper 2. Kocnanap KypaMbIHbIH 03repyi (Zn, #KoHe
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BeJIbI-OKCH/II.
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Figure 3. Change in the content of impurities (chlorine
and fluorine) of waelz-oxide depending on temperature.
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In this case, the forming secondary waelz-oxide Au —0,78; A4g —232,42) is sent to the roasting process

(in the amount of 2-3% of the volume of the loaded , instead of zinc sulfide concentrate.
waelz-oxide) is captured on the bag filter and fluorine, Conclusion
chlorine and the reducing agent accumulate in it. Thus, the washing of secondary sublimates with

Secondary waelz-oxide (content, %: Zn
— 41,05; Zn

Znacid

— 43,33; preliminary calcination of waelz-oxides makes it
— 7,6; possible to effectively solve the problem of reducing the

total

- 2,07; Cl — 4,37; S

water total

SSO"— 7,05; Cd — 2,12; SiO, — 1,2; reducing agent — content of the reducing agent, chlorine and fluorine from
2,45; F — 0,16; Pb — 10; Cu — 0,86; Fe — 0,72; the technological cycle of zinc production.
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