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STUDY OF TECHNOLOGICAL INDICATORS OF THE PROCESS
OF PROCESSING ZINC CONCENTRATE FOR ZINC CHLORIDE

Murodjon SAMADIY (samadiy@inbox.ru)
llkham USMANOYV (ilhamu0 mail.com)
Shafoat NAMAZOV (diana-ye(@yandex.com)

Yangiyer branch of Tashkent

emical-Technological Institute, Yangiyer, Uzbekistan

The aim of the study is possibility of processing the Khandiza deposit’s zinc concentrate into zinc chloride. It has been
shown that the extraction ofyzincfrom the concentrate must be carried out in an autoclave, after preliminary calcining the zinc con-
centrate at a temperature of 500 °C, followed by purification of the zinc chloride solution and further evaporation. A technological
scheme of production has been developed and a scheme of material flows has been drawn up.
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Lenvio uccredosanuss 6vLI0 u3yHeHUe BOIMOICHOCIIU NEPEPaAbOMKU YUHKOBO20 KOHYEHMPAmMa Mecmopodicoenus Xanousa na xino-
pucmuni yunx. Iloxazano, umo usgiedenue yuHKA u3 KOHYEHMPAmMa HeoOXoOUMO Npogooums 6 asmokidee, NpedsapumenbHo npoKaIus
YuHKo8bwill KoHyenmpam npu memnepamype 500 °C ¢ nociedyroujeli 04ucmKkol pacmeopa Xaopuoa YuHka u daivHetiuell evinapkoil. Paspa-
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Tadgigotning magsadi Xondiza konidan rux konsentratini rux xloridga qayta ishlash imkoniyatlarini o'rganish edi. Ruxni kontsen-
tratdan ajratib olish avtoklavda, sink konsentratini 500 °C haroratda oldindan kalsifikatsiya qilgandan so'ng, sink xlorid eritmasini tozalash
va keyinchalik bug'lanishdan so'ng amalga oshirilishi kerakligi ko'rsatilgan. Ishlab chigarishning texnologik sxemasi ishlab chigilgan va

moddiy oqimlarning sxemasi tuzilgan.

Kalit so'zlar: rux xlorid, kislotali parchalash, xlorid kislotasi, rux konsentrati, avtoklav

Introduction

Zinc chloride has a fairly wide range of
applications. Zinc chloride (ZnCl,) is white crys-
tals or flakes, sometimes with a yellowish, capable
of absorbing water vapor from the environment
[1].

Zinc chloride is an important component
of the flux for soldering metals and fibers [2-3].
Zinc chloride is used as a component for the pro-
duction of fiber, as an antiseptic impregnation of
wood, in particular sleepers, in the manufacture of
dental cements, and for refining zinc alloy melts.
Zinc chloride is used in fire-resistant foam or for
impregnation of fabrics and cardboard. In addi-
tion, zinc chloride is used in calico printing, the
production of dyes, aluminum, zinc cyanide and
vanillin, in galvanic batteries, in oil refining, for
fractional analysis of coal samples, and for many
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other purposes [4-5].

At the present stage of economic develop-
ment, increasing the efficiency of the use of natu-
ral resources has become one of the most im-
portant scientific, technical and economic prob-
lems.

Special scientific and practical interest is
the problem of economic efficiency of the inte-
grated use of zinc raw materials. The solution to
the problem of the integrated use of raw materials
in zinc production is due to the fact that it is neces-
sary to significantly increase the production of non
-ferrous, noble and rare metals, as well as the pro-
duction of sulfuric acid. The degree of complexity
is characterized by the number of extractable com-
ponents in relation to their total number in the ore
(concentrate) and is expressed as a percentage [6-
8].
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The complexity of using zinc concentrates
ranges from 70 to 93%. Increasing the degree of
complexity of the use of raw materials leads to a
significant expansion of raw materials for zinc pro-
duction, due to the possibility of using ores poor in
base metal, reduces the cost of production, helps to
increase labor productivity, increases the profita-
bility of enterprises, makes it possible to signifi-
cantly reduce hazardous production waste [9-11 ].

In the production of zinc for the pro-
cessing of concentrates in world practice, at pre-
sent, pyrometallurgical and hydrometallurgical
methods are used.

The study of the behavior of rare ele-
ments and other zinc companions during the pro-
cessing of concentrates according to the above
schemes made it possible to draw some conclu-
sions given below.

At hydrometallurgical zinc plants, during
the roasting of zinc concentrates at a temperature
of 950-980 °C, most of the indium and germanium
remain in the cinder, thallium sublimes by 60—70%
and concentrates in dust, selenium and tellurium in
the form of oxides (SeO, and TeO,) sublimate to a
significant degree, partially condense in dust, and
most of it, together with the gas phase, enters the
sulfuric acid production. Cadmium in the bulk re-
mains in the cinder in the form of oxide and com-
plex compounds (ferrites, silicates, aluminates) [12
-17].

During the processing of zinc concen-
trates according to pyrometallurgical technology in
the process of agglomerating roasting, the follow-
ing are sublimated: cadmium by 80-90%, thallium
by 70-80%, germanium partially volatilizes in the
form of chloride and oxides, most of the selenium
and tellurium is sublimated, 90% of lead is subli-
mated from the concentrate. These metals are con-
centrated in dust [18-20].

The most important property of non-
ferrous metallurgy raw materials is the ability to
significantly release heat during its processing. A
huge amount of energy is hidden and released in
the process of pyrometallurgical processing of var-
ious sulfide raw materials, which include sulfide
zinc concentrates, as well as copper, nickel sulfide
concentrates and intermediate products of their
processing. This energy forms a significant part of
secondary energy resources. It is more than 30% of
the total amount of secondary energy resources in
non-ferrous metallurgy [21-25].

Research methods

The objects of study were zinc-containing
ores of the Khandiza deposit, located in the Sur-
khandarya region, in the southwestern spurs of the
Gissar Range of Central Asia [26-28].

In this work, zinc concentrates obtained at
the Khandiza deposit were studied. In Uzbekistan,
the “Almalyk Mining and Metallurgical Combine”
JST is processing polymetallic ores from the
Khandiza deposit [29].

Zinc was determined by the X-ray fluores-
cence method [30-31]. The method is based on the
collection and subsequent analysis of the spectrum
that occurs when the material under study is irradi-
ated with X-rays - this is a fast, non-destructive
and environmentally friendly analysis method with
high accuracy and reproducibility of results. The
method allows qualitative, semi-quantitative and
quantitative determination of all elements from
beryllium to uranium in powder, solid and liquid
samples.

The density of solutions and pulps was
determined using a PZh-2 pycnometer with a
measurement accuracy of 0.05 rel.%. The kinemat-
ic viscosity of solutions and pulps was measured
with glass capillary viscometers VPZh-1 and
VPZh-2 with an error of 0.2% [32-33].

The density value was calculated by the
formula

p=mn;
where m is the mass of the pulp, g; v is the capaci-
ty of the pycnometer, cm’.

Viscosity was determined according to the
following formula

n=KpT;
where x is the viscometer constant and is equal to
0.3262 and 3.404, respectively, for VPZH-1 and
VPZH-2 with a capillary diameter of 1.31 mm; p
is the pulp density in g/cm’; 7 is the time of pas-
sage of the pulp through the capillary of the vis-
cometer, s.

Plasma Atomic Emission Spectrometer
ICPE-9000. The method of atomic emission spec-
trometry using inductively coupled plasma (ICP)
as a source of excitation of atoms. Which is a high-
ly ionized inert gas (argon) with the same number
of electrons and ions supported by an RF (radio
frequency) field. The temperature obtained in the
plasma desolvates, converts into vapor and ionizes
the atoms of the sample under study by mass spec-
trometry (MS) and atomic emission spectrometry
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(AES). Typically, detection limits range from less
than - nanogram (ICP-MS) to less than - mi-
crogram (ICP-AES) per liter [34].

Results and Discussion

Previously, studies were carried out on the
extraction of zinc in a solution with hydrochloric
acid, it was found that at atmospheric pressure, the
degree of extraction of zinc from the zinc concen-
trate of the Khandiza deposit does not exceed 50-
55%, regardless of other technological parameters
of the process. Preliminary calcination of the zinc
concentrate makes it possible to raise the degree of
decomposition to 90,05%. The optimal technologi-
cal parameters of autoclave extraction of zinc into
solution were established: calcination temperature
500°C, hydrochloric acid concentration 28%, mo-
lar ratio Zn:HCI=1:1.1, T:L=1:2, temperature 80-
85 °C, pressure 17 atm and process duration 10
hours. It is shown that the processes of purification
of solutions of zinc chloride with calcium hypo-
chloride at a stoichiometric ratio of Fe:Ca(ClO),
and Ca0O:Zn(OH),=1:(1-1.1) make it possible to
purify the solution from iron up to 98,25%, and its
content does not exceed 0,012% [35]. The results
obtained in the laboratory served as the basis for
the development of a technological scheme for
obtaining zinc chloride from the zinc-containing
concentrate of the Khandiza deposit, as well as the
calculation of material flows and the preparation
of a material balance.

The essence of the technology lies in the
acid decomposition of zinc-containing concen-
trates with a hydrochloric acid solution, followed
by separation of the solid phase, obtaining a solu-
tion of zinc chloride, cleaning the solution from
impurities and further evaporation of the liquid
phase to obtain a salt precipitate of zinc chloride.

When conducting research, we used zinc
concentrate of the Khandiza deposit of composi-
tion (wWt.%): Zn — 39,45-40,50; Si — 13,10-13,50;
Fe — 1,60-1,65; Pb — 3,01-3,06.

The process of processing zinc concentrate
for zinc chloride consists of the following stages:

- calcination of zinc concentrate at 500 °C;

- hydrochloric acid decomposition of the
zinc concentrate of the Khandiza deposit in a high-
pressure autoclave at t = 80 °C;

- separation of zinc chloride solution and
purification from associated impurities;

- evaporation of the purified zinc chloride

solution to obtain industrial zinc chloride;

- packaging and storage of the finished
product.

Zinc-containing concentrate was fed into
the autoclave reactor, and then hydrochloric acid
solution was added. The reaction takes place in a
tightly closed autoclave reactor; the gas released
during the decomposition of zinc concentrate with
hydrochloric acid creates a high pressure inside
the reactor and at the same time increases the tem-
perature. The reaction was carried out for 10
hours, after the end of the reaction pulp from the
autoclave was sent to the filter unit. After filtra-
tion, the liquid phase was purified from accompa-
nying impurities by sedimentation, then zinc chlo-
ride was separated by evaporation.

The developed technology for the pro-
cessing of zinc-containing concentrate with the
production of zinc chloride differs significantly
from the known production of zinc chloride and
the processing of zinc-containing waste.

The main parameters of the technological
mode of processing zinc-containing concentrates
for zinc chloride are: calcination of the concentrate
at 500 °C, molar ratio Zn:HCI = 1:1.1, at the ratio
T:L=1:2, temperature 80 °C, pressure 17 atm., res-
idence time in the reactor 10 hours, pulp density
1,676-1,651 g/em’.

Metal impurities present in the resulting
zinc chloride solution were removed by sedimen-
tation.

In table shows the technological parame-
ters for the production of commercial zinc chloride
from zinc concentrates from the Khandiza deposit.

The resulting product is characterized by
the following quality indicators (wt.%): ZnCl, —
98,27; Ca—0,0143; Fe — 0,027; Cu—0,0018; Cd —
0,0009; Pb — 0,0015; K — 0,00088; H,O — 1,623.
The samples were transferred to Avtotractorradia-
tor JSC for the possible use of technical ZnCl, ob-
tained from zinc concentrates.

During the test period, 1000 kg of zinc
chloride were obtained for a total amount of more
than 18 million soums, which meets the require-
ments for technical zinc chloride in accordance
with GOST 7345-78 grade A and contains, on av-
erage (wt.%): ZnCl,- 97,7-98,0; Fe-0,1-00,1; SO4-
0,01-0,05; 1.0.-0,01, NH3-0,5.

As the test results showed, the technology
for processing zinc concentrates into zinc chloride
is technologically simple, does not require special
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Production parameters of zinc chloride

Name of parameters | Meaning
Calcination of zinc concentrate
Temperature, °C | 450-500
Acid decomposition of the concentrate in an autoclave
Temperature, °C 80
Molar ratio Zn:HCI 1:1,1
Pressure, Atm 17
Process duration, hour 10
S:L ratio 1:2
Separation of liquid and solid phases
Temperature, °C 40-60
Process duration, min 20-40
S:L ratio 1:1,5-2
Purification of zinc chloride solution
Temperature, °C 20-40
Fe:Ca(ClO), ratio 1:1
HCI:CaO ratio 1:1
Ca0:Zn(OH), ratio 1:1-1,1
Residue of purified zinc chloride solution to obtain zinc chloride

Temperature, °C 100-120

equipment, energy-, resource- and material-saving.  obtain technical ZnCl, grade “A” with a ZnCl,
A complete technological scheme for the content of at least 97.7%.

processing of zinc-containing concentrates from On figure 1 shows the material flows of

the Khandiza deposit into zinc chloride has also  processing zinc-containing concentrates for zinc

been developed. This scheme makes it possible to  chloride based on 1000 kg of technical salt.

HCI 1939,53 Cons. 964,32
H.S 182,25
DECOMPOSITION [
Pulp 2721,60

FILTRATION ~ [Sladge490.52

Ca(ClO),40,98
lig. phase 2225,08
Ca0 101,44
Sladge 39,05
PURIFICATION  [2299e<0R
Zn(OH),223,04 liq. phase 2328,45
- 1

PURIFICATION [S2dge 172,32

lig. phase 2379,17

EVAPORATION  [Steam 1379.17
|

ZnCl,1000

Figure 1. Block diagram of material flows and material balance of processing zinc-containing concentrates for zinc chloride.
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Cons.

Ca(Cl0),,Ca0

Sladge
=

1

ZnCl,

Steam
-

Solution

Figure 2. Technological scheme of a pilot plant for the processing of zinc concentrates into commercial zinc chloride:
1 — calcining furnace; 2 — autoclave reactor; 3, 6 — filters; 4, 7 — tanks; 5 — mixing tank; 8 — vacuum evaporator with a crystallizer;
9 — conveyor; 10 — packaging unit; 11 — distiller.

The technological scheme for obtaining
commercial zinc chloride from zinc-containing
concentrates is shown in Figure 2.

The results of testing the technology for
processing zinc-containing concentrates into zinc
chloride using an autoclave and an evaporator
showed the fundamental possibility of processing
zinc-containing concentrates. The technology has
been tested in industrial conditions and accepted
for implementation at “Almalyk Mining and Met-
allurgical Combine” JSC.

The technological scheme for obtaining
commercial zinc chloride from zinc-containing
concentrates is shown in Figure 2.

The zinc-containing concentrate is fed into
the calcination furnace (pos. 1) for thermal treat-
ment, and then the calcined concentrate is fed into
the autoclave reactor (pos. 2), equipped with a stir-
rer, thermometer and pressure gauge for acid de-
composition with hydrochloric acid, and then the
reaction mass is fed to filters (pos. 3) for separa-

tion of solid and liquid phases. The filtered solu-
tion of zinc chloride from the tank (pos. 4) enters
the mixing tank (pos. 5) to separate impurities that
pollute the zinc chloride solution, the solution is
fed to the filter (pos. 6) to separate sedimentary
impurities, then the purified solution from the tank
(pos. 7) is fed into a vacuum evaporator with a
crystallizer (pos. 8). The resulting zinc chloride is
fed by a conveyor (pos. 9) to a packaging plant
(pos. 10).

Conclusion

The research on autoclave extraction of
zinc from the zinc concentrate of the Khandiza
deposit made it possible to develop a technologi-
cal scheme for processing zinc concentrate into
zinc chloride, to draw up a scheme of material
flows. The data indicate the possibility of obtain-
ing zinc chloride and local raw materials.
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