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PROCESS of ZINC SULFATE SOLUTION PURIFICATION from
COPPER and CADMIUM

Abstract: This paper is aimed to the solution of the actual problem on the involving into processing of low-grade zinc sulfide
concentrate of Nikolayevsk deposit of Kazakhstan and the development of technology of its processing with produce the intermediate
product — copper-cadmium solid precipitate — cake. The article presents the results of experimental studies of the process of
purification from a copper and cadmium the zinc sulfate solution obtained after hydrolytic purification from iron, arsenium, antimony,
lead and silicon of the solution after the autoclave leaching of low grade zinc sulfide concentrate of Nikolayevsk fields of Kazakhstan.
It was determined that the determined conditions of the process of cadmium and copper cementation provide high degree of the
purification of the test productive solution from copper and cadmium. In the purified solution copper and cadmium content is less
than 2,98 g/dm?, zinc — 221,4g/dm?®. The resulting intermediate product - copper-cadmium solid precipitate — cake is suitable for the
production of copper and cadmium.
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Introduction. In world practice feedstock used
for production of zinc sulphide concentrates rich or
conditioning zinc content (over 50 %) [1]. In this
regard, the current challenge of zinc metallurgy in the
Republic of Kazakhstan and abroad is the widespread
involvement in the processing of low grade sulphide
zinc concentrates as the primary type of raw material
and the development of highly efficient technologies
for their processing.

We carry out studies on the involvement in the
processing of low-grade sulphide zinc concentrate
Nikolayev fields of Kazakhstan, in particular, the way
it was designed autoclaved leaching [2].

Average zinc sulfate solution of 10 experiments
on the pressure leaching of low grade sulphide zinc
concentrate Nikolayev fields of Kazakhstan contains
significant quantities of impurities. Table 1 shows the
chemical composition of the solution.

As a result, chemical and atomic absorption
analysis sample solution averaged 10 experiments
investigated concentrate leaching autoclave [3,4]
that have passed in the solution with zinc (at 99,5-
99,6 %) significant quantities of copper (in 84,55 %),
cadmium (73,3 %) and iron (67 %), small amounts of
arsenic (1,5 %), antimony (to 0,094 %), lead (1,97 %)
and silicon ( to 11,21 %) [2].

Table 1 - Chemical composition of the average zinc sulfate
solution of 10 experiments on the pressure leaching of low grade
zinc sulfide concentrate Nicholas Field

Element content, g/dm?®
Sample of

solution
pH | zn | B2

Fe (IN|Fe ()| As Sb

after
pressure
leaching
of the
concentrate
solution

1,1 1134,0(11,6|10,21 | 1,39 | 0,0013 | 0,026

Element content, g/dm?®
Sample of

solution

SiO, | Pb | Cu Cd Co

after
pressure
leaching
of the
concentrate
solution

34,57| 3,21 {0,11| 7,54 | 0,90 <0,005

As seen from Table 1, the solutions are
representative of the content and recovery of zinc from
them. However, the impurity content of the resulting
zinc sulfate solution does not meet the requirements
of Air Conditioning zinc-containing commercial
product (metallic zinc or zinc oxide).
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Based on literature data [5,6] we had selected
and executed from a group of cleaning hydrolytic
impurities: iron, arsenic, antimony, lead, silicon and
the purified solution was obtained, which contains the
following elements (Table 2).

Table 2 - Chemical composition of the zinc sulfate solution
purification after the hydrolytic impurities from the iron group,
arsenic, antimony, lead and silicon

Sample of Element content, g/dm?®
solution -
Zn Fe (1) Si Cu Cd
after hydrolytic
removal of 186,05 | 0,0004 | 0,002 | 7,98 | 1,03
impurities solution

Table 2 shows that the solution contained significant
amounts of copper and cadmium. The objective of
these studies is the removal of copper and cadmium
zinc sulfate solution obtained after hydrolytic cleaning
solution from the autoclave leaching of low grade zinc
sulfide concentrate Nikolayev fields of Kazakhstan
from iron, arsenic, antimony, lead and silicon.

This process is based on the reduction of copper
and cadmium in copper-cadmium solid precipitates
and dissolution of zinc from zinc dust. For example,
the chemistry of the process of cementation of copper
and cadmium from zinc sulfate solutions is described
by the following reactions (1-2):

Zn + Cu*" = Zn*" + Cu,

(1

Zn + Cd* =Zn*" + Cd. ()

At the simultaneous presence in solution of copper
and cadmium copper will be cemented first. This is
due to the fact that the number of elements in the
copper has a more positive potential than cadmium,
therefore cadmium is precipitated from solution is
added to cement copper. Consequently, to ensure
complete cleaning solutions of cadmium and copper in
the experiments using excess zinc dust was provided
by the theoretically required amount of [7,8].

Experimental part. The methodology of the
experiments.

Experiments were performed in heat-resistant glass
beakers. The solution was heated on an electric plate,
maintaining the selected temperature and duration of
the process. The solution temperature was controlled
laboratory glass thermometer TLC-2; stirred solution
of BP-8000 laboratory mixer with variable speed for
n =300 rev/min.
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The chemical composition of the solution and solid
precipitates was determined by chemical and atomic
absorption methods of analysis, phase composition -
the method of semi-quantitative XRD diffract meter
X’Pert MPD PRO (PANalytical).

Terms of the cementation process. For experiments
on single-step purification of copper and cadmium
were taken 0,5 dm’ solution purified from iron,
arsenic, antimony, lead and silicon with a content
of metals: Zn - 93,02 g, Cu - 3,99 g, Cd - 0 ,51 g;
process temperature - 60 °C, cementation process
duration - 30 min. In experiments using zinc dust
Ridder metallurgical complex “Kazzinc” (99 % Zn),
granule metric dimensions of which are class “-0,074
mm.” Consumption of zinc powder was 1: 2 with
respect to the stoichiometric total amount of copper
and cadmium in solution.

Results and Discussion. Research on one-
step purification of the solution from the copper
and cadmium cementation with zinc dust. After
experimentation by one-stage solution purification
of copper and cadmium were obtained 0, 44 dm?
purified solution and 4, 05 g copper-cadmium solid
precipitate.

The results of determining the chemical
composition of the purified solution and copper,
cadmium and zinc, copper and cadmium in the solid
precipitate are shown in Table 3. Extractions of copper
and cadmium in the solution and the solid precipitate
after a single stage of cementation with zinc dust are
presented in Table 4.

In the one-stage zinc dust cementation copper
recovery (65,14 %) and cadmium (52,77 %) in the
copper-cadmium solid precipitate is sufficiently
high. Copper and cadmium in copper-cadmium solid
precipitate: copper — 2,59 g (63,95 %), cadmium —
0,27 g (6,67 %).

Table 3 - Chemical composition of the solution and copper-cadmium
solid precipitate from one-step cementation zinc sulfate solution

The content of elements:

Cu Cd Zn
in in the solid|. . |inthe solid | . . in the solid
. - in solution . in solution .
solution |precipitate precipitate precipitate

gam®l g | % | g |gdm’| g | % | g |gdm*| g | % | g

2,98(1,31(63,95/2,59(0,52|0,23|6,67| 0,27 | 221,64 |97,9|26,17 | 1,06
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Table 4 - Extraction of copper and cadmium in solution and solid
precipitate after a one-step cementation with zinc dust sulfate
solution

Removing elements, %

Cu Cd
in copper-cadmium | . . in copper-cadmium |. .
; o in solution b - in solution
solid precipitate solid precipitate
65,14 32,85 52,77 44,44

Cadmium content of copper and cadmium
solid precipitate small because of its low content
in the initial solution. In fact, 94,7 % of the zinc
consumed from stoichiometry. The excess of zinc
was stoichiometrically required amount is provided to
prevent the inverse transition of copper and cadmium
from solution in the precipitate.

Figure shows a flow diagram of a one-step
purification method of cementation with zinc dust
solution of hydrolytic treatment.

Zn dust (1:2)

/

Solution of ZnSO4 after hydrolytic
purification

Y
Cementation of the pulp

A 4

Filtration of the pulp

r Y

Cu-Cd solid The purified zinc solution
precipitate

Figure — Technological scheme of one-step cementation of
copper and cadmium from the zinc sulfate solution

Conclusions. Carrying out a one-step purification of
cementing in a zinc sulfate solution from the autoclave
leaching of low grade zinc concentrate of Nicholayev
deposit yielded copper-cadmium solid precipitate, which
can be sent to the production of copper and cadmium.
The zinc sulfate solution after the single-step purification
of copper and cadmium copper content was 2,98 g/dm?,
cadmium in solution — 0,52 g/dm?, and the zinc content
of the solution increased to 221,64 g/dm?.
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TYWIHOEME

XKymbic KazakctaHHbIH HukonaeBckoe KeHOPHbIHBIH TOMEHCOPTTbI CYNbPUATHI MbIPbILL KOHLEHTPATTapblH ©HAEY MeH MbIC-KaaAMUAni
KanablKTbl apanblk OHIMIH any TEXHOMNOrUsChIH Kypy BoibiHLIa e3ekTi MaceneHi weluyre barbiTTanfaH. Makanaga aBToknasThl Wanmanay
YPAICIHEH KeWiHri, TEMIp, MbILbSIK, CypbMa, KOPFaChIH, KYKIPT XaHe MapraHeuTeH ruaponuTrKkanblk Ta3apTy apKblnbl anblHFaH cynbgaTThbl
MbIpbILL epITIHAINEePIH MbIC NeH KagMUAEH Ta3apTy YPAICIH aKcnepyvMeHTanabl 3epTTey HaTwkenepi kenTipinreH. MbiCc neH kagMuingi
LeMeHTauuAnbIK Ta3apTy YPAICIHIH TEXHONOrMAMbIK TOPTINTEepi 3epTTeNyLUi eHiMAi epiTiHAIHIH MbIC NeH KaAMUiA KocnanapblHaH >XofFapbl
nopexene TasapTblyblH KAMTUTbIHABIFEI aHbIKTaNadbl (epiTiHaiaeri Mbic NeH kagMuingid kypambl — 2,98 r/am3-AeH TeMeH, an MbIpbiLl
menwepi — 221,64 r/am3). AnblHFaH MbIC-KaaMUIni Kanapblk apasblk eHiMi MbIC NeH kaaMWUiA  eHipiciHae KonaaHy YLiH xapamabl 6onbin
Tabbinagb!.

Tywningi ce3pep: peHTreHdasanblK Tangay, atomgbl-abcopbumsanblk Tangay, Temnepartypa, Mbipbill LaHpl, BipcaTtbinbl Ta3apry,
LileMeHTaums, MbIC-KagMUIATi KEK, KOHLIEHTpaT.

PE3IOME

[aHHas paboTa HanpaBneHa Ha peLleHre akTyarnbHON 3aaa4m Nno BOBIIEYEHWIO B NepepaboTKy HU3KOCOPTHOIO CyrbMAHOIO LIMHKOBOIO
KOHLeHTpaTa HukonaeBckoro mectopoxaeHus KasaxctaHa v paspabotke TEXHOMOrMm ero nepepaboTky ¢ NonyYeHNEM NPOMEXKYTOYHOMO
npogykTa — MeaHo-KaAMUEBOrO keka. B cTaTbe npeacTaBneHbl pesyrnsraThl 3KCNepUMeEHTarnbHbIX UCCNeqoBaHuUi NpoLecca O4YUCTKN OT Meau
N KaAMUS1 LUMHKOBOTO CyrnbaTHOro pacTBoOpa, NOMyYeHHOro nocre ruaporiMTUYecKon O4YMCTKM OT XXeresa, Mbllbsika, CypbMbl, CBUHLA U
KpPEeMHUsi pacTBOpa OT aBTOKMaBHOIO BblLLieNaynBaHNs HU3KOCOPTHOIO Cyrnb(UAHONO LIMHKOBOIO KOHLUEeHTpaTa HukonaeBckoro mecTo-
poxaeHus KaszaxctaHa. Bbino onpegeneHo, YTo yCTaHOBMEHHbIE TEXHOMOMMYECKNe pexumbl npoLiecca LeMeHTaunm Meam u kagMmusi obe-
CMeYnBaloT BbICOKYO CTEMNEHb OYMCTKY MCCNedyeMOoro NpoayKTMBHOMO pacTBopa OT Meau 1 kaaMusi. B oumLieHHOM pacTBope codepkaHune
MEAMN 1 KaAMUsi COCTaBnsAno meHee 2,98 r/am?®, umHka — 221,64 r/gme. Mony4YeHHbI NPOMEXKYTOYHbIN NPOAYKT — MeAHO-KaAMUEBBIN Kek
- MPUroAeH ANsi UCMONb30BaHUS B NPOU3BOACTBE MEAU U KagMusi.

KnoueBble cnosa: peHTreHoda3oBbIi aHanus, aToMHO-a6CcopbLMOHHbIN aHanus, UMHKOBas Mbifb, OAHOCTaAMMHAS OYMUCTKA, LIEMEHTa-
LMsi, MeAHO-KaAMUEBbIN KeK, CynbMUAHbIA KOHLEHTPAT.
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DEVELOPMENT of TECHNOLOGY and EQUIPMENT for DIRECT SMELTING of
REFRACTORY LEDGE GOLD ORES of TERISKEY Ltd ORE MINING COMPANY

Abstract: This article presents the results of the works on improvement of the process parameters and development of the basic design
elements of an electric furnace for processing of ledge gold ores from a number of deposits of Teriskey Ltd Ore Mining Company in order
to create a pilot project for testing and implementation of a contractile pyrometallurgical selection process (CPS-process) for refractory
gold-bearing materials in this enterprise. The design compositions were prepared based on previously completed studies on direct melt
processes of the ledge gold ores from Teriskey Ltd deposits, i.e. three-, four- and five-component charges for the CPS-process. The ratio
of individual components and their calculated compositions were determined. Constructional calculations of basic dimensions, design
and technological parameters of individual components and systems of the pilot project were carried out. Thus, the basic parameters of
a two-electrode electric furnace with the capacity of 200 — 300 kVA, the main equipment for the gas cleaning system, systems of feeding
and preparation of the raw charge materials with the determination of the structure of load devices were found. Based on the initial data
and production schedules of Institute of Metallurgy and Ore Benefication JSC, the project of above-mentioned pilot plant of CPS-process
approved by the management of OMC Teriskey Ltd has been performed.

Keywords: matte, slag, gold, contractile pyrometallurgical selection, CPS - process, blending.

Introduction. It is known that more than 50 % of arsenic, antimony and carbon. According to experts,
the available active gold reserves are characterized as  about 60 % of the current reserves can be included into
hard for benefaction and containing contaminants, i.e.  the share of such ores. The gold metallurgy describes
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