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Abstract

Purpose. Representation in a generalized form of the conducted research on the development of technology for heap leaching
of gold-bearing tailings at the Vasilkovsky GOK (Altyntau Kokshetau), which can be used to recover gold from technogenic
deposits in Kazakhstan.

Methods. The research on the gold recovery from the ore beneficiation tailings at the Vasilkovsky deposit is conducted
using direct cyanidation. Experiments are performed in open heat-resistant beakers equipped with a mechanical agitator. The
preparation of the material for cyanidation consists of the following operations, such as grinding, water washing and alkaline
treatment followed by cyanidation. The optimal cyanidation parameters are determined by performing a series of experiments
with a change in one parameter at a constant value of others. After the optimal process duration is determined, a series of experi-
ments are conducted with a change in the solids content in the pulp of 20, 25, 33, 50 and 100%. The concentration of cyanide in
the solution is 0.1-1.0 g/dmq. The concentration of sodium thiosulphate in the cyanide solution is 0.5-5.0 g/dm?. The process tem-
perature varies within 20, 30, and 40°C. The content of the nutrient medium is the sodium thiosulphate for the used culture T10.

Findings. It has been determined that with an increase in the solids content in the pulp, the degree of gold recovery from
tai-lings increases, reaching a maximum of 97.5%, with a ratio of (solid : liquid) S:L = 1:1. When the solids content in the pulp
is below 50%, a longer agitation leaching of the pulp is required to achieve a recovery of at least 85-90%, which, in turn, leads
to high operating costs.

Originality. For the first time it has been found that the optimal solids content for maximum gold recovery in the pulp can
be considered 50% (or S:L = 1:1).

Practical implications. Increasing the solids content in the pulp contributes to the duration of the solvent contact with the
ore mass, which allows the use of less concentrated solutions of the leaching agent.
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1. Introduction ing, as well as the unpredictable conjuncture of minerals, the
The development of the mining industry over the past  urgency of this problem is increasing, making it global [11].
century has been inextricably linked with scientific and tech- Percolation leaching lasts for several months, but due to

nical progress. The emergence and introduction of new tech- ~ Colmatation processes, it cannot provide a complete metal
nologies for mining and processing of ores make it possible ~ '€COVery. Percolation Igachmg in corr_1b|nat|on with sorption
to develop deposits and their areas that were previously con- ~ and recovery of metals is becoming widespread [12]-[14].
sidered substandard [1]-[3]. A percola_\tlon leaching technology hgs been developed to
The need to meet the increasing demand for mineral raw  "ecover precious metals from gold-bearing ores, placers and
materials has led to the development of mineral deposits in ~ concentrates, followed by affinage and obtaining the final
the accessible areas of the Earth [4], [5]. Given that the con-  Product with a purity of at least 99.95%. In contrast to the
tent of most useful components does not exceed a few per-  Nighly toxic methods known and used so far using cyanides
cent, more and more ore-bearing raw materials are extracted ~ OF mercury, the new technology is based on a “soft™ hydro-
onto the earth’s surface [6], [7]. chlorlna_tlon reaction. The essence of the method is in the
The problem of processing mineral masses recovered to  dissolution of gold and other precious metals (for example,
the earth's surface remains the least developed and therefore ~ Platinoids) by exposing the raw material to “active” chlorine,
the most dangerous for the planet Earth [8]-[10]. Due to the which is formed directly in the reactor by mixing two rea-
lag of processing capabilities behind the capabilities of min- ~ 9ents. Due to the metered supply of one of them, “active”
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chlorine is formed in the amounts necessary for the dissolu-
tion of metals, and is practically not released into the atmos-
phere. This method of dissolution (leaching) of gold favora-
bly differs from all other known methods [15]-[17].

Large in terms of reserves, the Vasilkovsky gold ore de-
posit is located in Kazakhstan, 17 km northwest of the city of
Kokshetau. It was discovered in 1968 and has been devel-
oped by the surface method since 1979. Gold is mined by the
Swiss company Glencore (69.7%) and the Kazakhstan com-
pany Kazzinc LLP (21.3%). Proved gold reserves are 270
tons with an average grade of 2 g/t in ores. The identified
gold resources are 308 tons, with an average content of 1.9
g/t in ores. The deposit is composed of fine-grained gabbro
and medium-grained quartz diorites intersected by quartz-
arsenopyrite, quartz, tourmalinic and carbonate veinlets with
inclusions of gold-bearing mineralization [18], [19].

Native virgin gold is confined to quartz-arsenopyrite
veins and veinlets, as well as to areas of silicification of host
rocks with disseminated arsenopyrite. Single gold segrega-
tions or nest-like accumulations containing up to 15-20 cha-
racters are confined either to microfractures in quartz and
arsenopyrite, to interstices of an arsenopyrite aggregate, or to
fractures in dark-colored minerals of altered host rocks.
Quite often, gold grains form close aggregates with bis-
muthine. Their shape is irregular, lamellar, hair-like, that is,
xenomorphic. Sometimes crystals and drop-shaped gold
formations are observed in bismuthine. Their sizes range
from 0.0005 to 0.53 mm, with 79% of the measured grains
ranging in size from —0.0008 to —0.008 mm [20]-[23].

Gold in ores is in association with copper and iron-
bearing minerals. In order to leach gold, first of all, it is nec-
essary to open these minerals. The gold dissolution velocity
depends on the velocity of opening of the minerals with
which it is associated [24], [25].

The ores in the oxidized zone are similar in mineral com-
position to sulphide ones, but they do not contain horn-
blende. The composition of ore minerals is dominated by
hematite, chalcopyrite, chalcocite (Cu,S), bismuthine and
native bismuth, which impregnate the silicate part of the
rocks in the form of finely-dispersed formations.

Preliminary research on percolation leaching of oxidized
gold-bearing ore is conducted using a sample of the composi-
tion, wt. %: SiO, — 64.2; A1,03 — 8.1; Fe,03 — 2.37; As —
0.22; Zn — 0.034, Cu — 0.045; Co — 0.023; Siot — 0.35; Au —
1.58 g/t. Thus, preliminary research on the choice of a gold
solvent has revealed the high efficiency of both cyanide and
thiocarbamide leaching in the presence of an oxidizing agent
such as sulphate Fe(ll1).

The ore of the Vasilkovsky gold ore deposit after flota-
tion-gravitation beneficiation contains a certain amount of
gold. The mastering of the heap leaching process of gold-
bearing ores with cyanide solutions is carried out at Va-
silkovsky Mining and Processing Plant, the largest heap
leaching plant in the CIS countries [26], [27]. After dumping
of individual heaps and their merging, an industrial heap has
been formed with a total volume of gold-bearing ore of
1195 thousand tons. The full technology cycle includes heap
irrigation operations with gold leaching, gold sorption from
weak solutions using anion-exchange resins, its subsequent
desorption with ion exchanger regeneration, as well as gold
recovery from impregnated thiourea solutions by electrolysis.

In general, the obtained data on monitoring the industrial
recovery of gold by heap leaching method at the Vasilkovsky

78

GOK confirm the recommendations previously issued based
on the results of previous research.

Neutralization of spent ore dumps is one of the largest
environmental problems [28]-[32] that arise in the process of
heap leaching of ores. After the recovery of gold, they con-
tain a significant amount of cyanide residues and water-
soluble arsenic compounds [33]. For the destruction of cya-
nides, it is proposed to use “active chlorine”. However, the
relatively high cost of this technology and the additional
environmental problems arising from its use have led to the
search for a more rational solution to this problem [34].

2. Research methods

In order to recover gold from the ore beneficiation tail-
ings at the Vasilkovsky deposit, research is performed on
direct cyanidation [35], [36]. Experiments are carried out in
open heat-resistant beakers equipped with a mechanical agi-
tator. The preparation of the material for cyanidation consists
of the following operations, such as grinding, water washing
and alkaline treatment followed by cyanidation.

Water washing of the source material to remove water-
soluble compounds from it is conducted in the mode of con-
tinuous agitation at a ratio of S:L = 1:5 for 120 seconds, and
after settling, the liquid phase is decanted [37]. Alkaline
treatment of heap leach tailings is performed in order to
improve the performance of subsequent cyanidation. For this
purpose, a novel achievements in pump manufacturing can
be applied [38], [39].

The optimal cyanidation parameters are determined by
performing a series of experiments with a change in one
parameter at a constant value of others. First of all, the influ-
ence of the process duration on the gold recovery from ore
into solution is determined. After the optimal duration of the
process is determined, a series of experiments are conducted
with a change in the solids content in the pulp of 20, 25, 33,
50 and 100%. The concentration of cyanide in the solution is
0.1-1.0 g/dmd. The concentration of sodium thiosulphate in the
cyanide solution is 0.5-5.0 g/dm®. The process temperature
varies within 20, 30, and 40°C. The content of the nutrient
medium is the sodium thiosulphate for the used culture T10.

Cyanidation of heap leach tailings is performed at con-
stant concentrations of cyanide and alkali. For this purpose,
sodium hydroxide and cyanide are added to the pulp in the
required amount to create a specified concentration of these
reagents in the liquid phase. The solid phase and liquid phase
residues are returned to the reactor. The loss of the liquid
phase associated with the conducted chemical analysis and
evaporation is replenished by adding a cyanide solution or
water. When the concentration of cyanide and alkali is de-
termined, the mass of reagents, necessary to achieve the
initial concentrations, can be calculated. When cyaniding the
heap leach tailings, replenishment is performed after 10, 20,
30, 60 minutes, and then every hour.

At the end of cyanidation, the gold-bearing solution is
separated by filtration from the solid phase — tailings. The
concentrations of cyanide, alkali, and gold are determined in
the productive solution. The content of these components is
calculated based on their concentration and the total volume
of the solution in the pulp. After that, the degree of gold
recovery and the specific consumption of cyanide for gold
recovery are calculated. The agitation cyanidation tailings are
poured with water, and while stirring, potassium permanga-
nate is added to the solution until the color disappears, then



D. Kaumetova, I. Arystan, K. Absalyamov, K. Zhusupova, D. Zhanienov. (2022). Mining of Mineral Deposits, 16(1), 77-83

the permanganate solution is added again and stirred. These
operations are repeated until the color ceases to disappear
with stirring, which indicates the destruction of all cyanide.
After that, the agitation leaching tailings are washed
3-4 times with water, regrinded, and analyzed for gold con-
tent. After each experiment, the consumption of reagents is
calculated and the degree of gold recovery from the ore into
the solution is determined by its amount in the filtrate and in
the solid insoluble leaching residue.

After reaching 50% gold recovery during heap leaching
of sulphide gold-bearing ore, in order to additionally recover
the precious metal from this ore, samples are taken in which
the gold content is 1.3-1.4 g/t. Then it is leached by agitation
cyanidation method.

For agitation leaching, the tailings are regrinded to a
grain size of 95% of the class 0.0075 mm, and then cyanided.
At the same time, the dependence is studied of gold recovery
from tailings on the duration and temperature of the process,
solids content in the pulp, concentration of sodium cyanide
in an alkaline solution, content of sodium thiosulphate in an
alkaline solution of sodium cyanide, as well as on the type of
microorganisms used and the amount of nutrient for these
biooxidants.

The influence of the process duration on the degree of
gold recovery is studied at a temperature of 20°C with an
alkaline solution of sodium cyanide containing 0.5 g/dm3
of cyanide and 1.0-sodium hydroxide. To ensure a more
complete gold recovery from the tailings, the treated mate-
rial and an alkaline solution of sodium cyanide are taken in
the ratios of S:L = 1:3, which amounts to 25% of the solids
in the pulp.

As noted above, the experiments are conducted in ther-
mostatted beakers equipped with mechanical agitators, where
sub-samples of the source raw material weighing 100 g and
an alkaline solution of sodium cyanide at the above ratio are
placed. The process is conducted in the mode of continuous
agitation for 0.25 to 5hours (or from 15 to 300 min) with
periodic replenishment of the solutions at certain time inter-
vals — 10, 20, 30, 60 minutes, and then every hour. After that,
the finished pulp is separated into liquid and solid phases, after
which the content of gold, alkali and free cyanide is deter-
mined in the filtrate and in the insoluble leaching residue.

3. Results and discussion

The obtained research data are presented in Figure 1.
From the analysis of the degree of gold recovery depend-
ence on the process duration, it follows that the maximum
recovery of 92.3% with a minimum cyanide consumption
of 0.5 g/dm? is observed after 4 hours from the start of the
experiment. A further increase in the process duration does
not have a significant influence on the degree of gold re-
covery, and its value remains almost constant. It should be
noted that gold from the ore up to 10% is recovered into
solution already in the first 30 min of leaching, presumably,
during this period, the most accessible forms of gold parti-
cles pass into solution.

The leaching of gold particles associated with sulphide
minerals and gold particles covered with poorly soluble films
is somewhat difficult, as evidenced by the formation of an
inflection in the dependence curve of the recovery degree on
the process duration (Fig. 1). The specific consumption of
sodium cyanide with the optimal process duration of 240 min
is about 0.290 t/kg of recovered gold (Table 1).
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Figure 1. Influence of the cyanidation process duration on the
gold recovery from the Vasilkovsky GOK ore tailings:
Cyanide consumption: 1 — 0.1 g/dm?; 2 — 0.2 g/dm?; 3 -
0.5 g/dm3; 4 — 0.8 g/dm3; 5 - 1.0 g/dm?

The study of the influence of solids content in the pulp on
the process of gold recovery from tailings is conducted ac-
cording to the methodology described above. It consists in
using an alkaline solution of sodium cyanide containing
0.5 g/dm? of cyanide and 1.0 sodium hydroxide for 4 hours at
a temperature of 20°C, while the solids content in the pulp
changes from 17.7 to 100% (or at S:L=1:1, S:L=1:2,
S:L=1:3,S:L=14,S:L=15).

Table 1. Influence of the process duration on the specific
consumption of sodium cyanide at a cyanide concentra-
tion of 0.5 g/dm?

Residual concentra-

Time (T), . 3 Qnacn, Recover
No. mirs ) CIt\;on, g/?\ln;OH t/kg Au of Au, U/Z
1 60 0.5 0.81 - 19.9
2 120 0.48 0.85 0.257 32.3
3 180 0.45 0.62 0.333 63.0
4 240 0.44 0.48 0.290 84.8
5 300 0.40 0.45 0.496 84.7

It has been determined that with an increase in the solids
content in the pulp, the degree of gold recovery from tailings
increases, reaching a maximum of 97.5%, with a ratio of
S:L = 1:1. When the solids content in the pulp is below 50%,
a longer agitation leaching of the pulp is required to achieve
a recovery of at least 85-90%. This, in turn, leads to high
operating costs and makes the use of this technological
method of gold recovery from heap leach tailings inappropri-
ate. Leaching at low solids content in the pulp and, conse-
quently, at low concentrations of gold and impurities, reduc-
es the diffusion resistance at the S-L interface, thereby in-
creasing the dissolution of not only gold, but also gangue
elements (Table 2).

Table 2. Influence of the S:L ratio on the specific consumption of
sodium cyanide at a cyanide concentration of 0.5 g/dm?

Residual

concentration, Qnacn, Recovery Content in the

No. S:L Jdm? thkg AU of Au, % filtrate, mg/dm?
CN NaOH Fe Cu Co Ni
1 11 047 040 0.043 97.5 32 58 - <0.2
2 12 045 042 0.164 85.2 24 63 - <0.2
3 1:3 044 048 0.298 84.8 18 72 - <0.2
4 14 045 06 0418 6949 09 42 - <02
5 15 045 06 0654 5347 09 37 - <02

Increasing the solids content in the pulp increases the du-
ration of solvent contact with the ore mass, which allows the
use of less concentrated solutions of the leaching agent.
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Thus, by reducing the solids content in the pulp, a high yield of
gold per unit time can be achieved with a corresponding high
gold recovery. However, due to the high consumption of so-
dium cyanide, water, significant energy consumption for mix-
ing large volumes of pulp and the complexity of filtering the
latter, this is not always expedient. Therefore, the optimal con-
tent of solids in the pulp can be considered 50% (or S:L = 1:1).

When choosing the optimal sodium cyanide concentra-
tion, it should be taken into account that its value is related to
the oxygen content in the solution under given conditions.
For example, at a temperature of 15°C and a pressure of
P =0.021 MPa, the oxygen solubility is 0.314-10°° mol/cm?,
so the optimal concentration of free (not bound into complex
compounds) cyanide should exceed 0.1 g/dm® of NaCN.
However, in practice, stronger cyanide solutions (0.2-0.5 g/dm?®
of NaCN) are usually used, since process cyanide solutions
usually contain a significant amount of impurities that reduce
the activity of cyanide solutions. Associated minerals, oxi-
dized at a noticeable velocity, contribute to a decrease in the
oxygen content consumed in side reactions. This leads to a
decrease in the gold dissolution velocity, which is associated
with the formation of dense films on its surface.

The study of the concentration influence of an alkaline
solution of sodium cyanide on the degree of gold recovery
from the tailings is conducted at an optimal process duration
of 4 hours and an optimal content of S:L = 1:1 at a tempera-
ture of 20°C. The source raw material is leached using alka-
line solutions of sodium cyanide, in which the content of the
leaching agent is varied from 0.1 to 1.0 g/dm?. In this case,
the conditions of the experiment are kept the same, as in the
studies on the influence of the process duration and the solids
content in the pulp on the gold recovery given above. The
decrease in the degree of gold recovery from the ore with an
increase in the concentration of the used cyanide solution
from 0.1 to 1.0 is associated with an insufficient presence of
oxygen in the solution under these conditions.

At atmospheric air pressure above the solution and a
temperature of 20°C, the solubility of oxygen in water is
0.27-10° mol/cm?. Therefore, it can be expected that an
increase in the concentration of free CN~ ions (not bound into
a complex) above 1.62-10° mol/cm? will not lead to an in-
crease in the process velocity. At the same time, when free
cyanide is deficient, improving the solution aeration also
does not lead to an increase in the velocity. Therefore, it is
necessary to control the composition of the solution so that
the ratio of free CN~ ions concentration to the concentration
of Oy is 5-6.

With a decrease in the sodium cyanide concentration in
an alkaline solution, the degree of gold recovery from heap
leach tailings increases and reaches a maximum value of
92.3% when the raw material is treated with a sodium cya-
nide solution containing 0.1 g/dm?.

Figure 2 shows the dependence of the gold recovery veloc-
ity (v) on the cyanide solution concentration (c). The gradient
angle tangent Igv depending on Ige [CN], which is found by
the Van’t Hoff graphical method, has a fractional value of
0.96. This evidences the complexity of the ongoing processes
and indicates the parallel flow of several reaction stages.

Thus, gold is most efficiently recovered from heap leach
tailings at sodium cyanide concentrations of 0.1-0.2 g/dm?®.
In this case, 91-92% of gold is recovered into the solution for
3-4 hours of agitation leaching at a low specific consumption
of sodium cyanide 0.045-0.091 t/kg of gold.
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With an increase in the concentration of the cyanide solu-
tion, the sodium cyanide specific consumption increases and
reaches 1.05 t/kg of gold when using 1.0 g/dm3, while the
gold recovery practically does not increase. Therefore, cya-
nide concentration of 0.1-0.2 g/dm? is recommended as the
optimal concentration for agitation leaching of gold from
heap leach tailings.

With an increase in the process duration, the specific con-
sumption of sodium cyanide increases. This is conditioned by
its consumption not only for the recovery of gold, but also for
the dissolution of gangue minerals, primarily for the dissolution
of the minerals of iron, copper, cobalt, nickel and zinc, which
are present in the tailings in sufficient quantity (Table 3).

Table 3. Influence of the concentration of sodium cyanide solu-
tion on the specific consumption of sodium cyanide

Residual

concentration, Qnacn, Recovery Content in the

No. S:L e tlkg AU of Au, % filtrate, mg/dm?3
CN NaOH Fe Cu Co Ni
1 1:1 0.09 0.08 0.043 97.5 32 58 - <0.2
2 12 018 0.30 0.164 85.2 24 63 - <0.2
3 1:3 026 04 0.298 84.8 18 72 - <0.2
4 14 044 048 0418 6949 09 42 - <0.2
5 15 061 088 0654 5347 09 37 - <02

It is known that the temperature is an important factor in
the process of agitation leaching of gold-bearing ores. The
study of the temperature influence on the gold recovery from
tailings is carried out using an alkaline solution of sodium
cyanide containing 0.5 g/dm® of cyanide and 1.0 sodium
hydroxide, for 4 hours, at S:L = 1:1, in the range of 20-40°C.

The dependence of gold recovery degree on the process
temperature is characterized by the presence of a clear max-
imum, indicating that with an increase in temperature from
20 to 40°C, the degree of gold recovery increases from 86 to
92.3% (Fig. 3). However, its further increase leads to a de-
crease in the product yield even at 40°C and the precious
metal recovery reaches only 76%.

The dependence of the velocity constant on the reciprocal
temperature of the process is described by the Arrhenius
equation (Fig. 4), from which the calculated value of the
process activation energy in the studied temperature range
can be obtained. Based on the analysis of known gold sol-
vents, it follows that alkali and alkali-earth metal thiosul-
phates are capable of dissolving gold with the formation of a
double salt AuS,03-3Na»S,03-H0.

To additionally recover gold from heap leach tailings
with cyanide solution in the presence of sodium thiosulphate,
experiments are conducted using solutions where the sodium
thiosulphate content is varied within 0.05-0.5 g/dm?.
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Studies have shown that the addition of sodium thiosul-
phate reduces the gold recovery degree. To increase gold re-
covery degree, it is necessary to increase the process tempera-
ture, which requires additional costs. With the purpose of
additional gold recovery from the tailings of sulphide gold-
bearing ores, a bacterial-chemical method is used, including
the treatment of the source material with an alkaline solution
of sodium cyanide in the presence of T10 bacteria and the
nutrient medium of these microorganisms — sodium thiosul-
phate. The culture of T10 bacteria is prepared on Beyerink
medium containing Na;S;035H,0 — 5g/dm?®, NaHCO; —
1.0 g/dm3; NH4CI — 0.1 g/dm?; Na;HPQO412H,0 — 0.2 g/dm?,
MgCl-6H,0 — 01 g/dm?; FeSO47H,0 — traces at pH 9.2-9.4
g/dm? medium. The cultivated culture of T10 bacteria is placed
in an alkaline solution of sodium cyanide containing 0.4 g/dm?
of sodium cyanide and 0.005-5.0 g/dm? of sodium thiosulphate.

Agitation leaching of tailings with a culture solution of
T10 bacteria is inexpedient, since it is not possible to achieve
contact between bacteria and ore mass under these condi-
tions. For additional recovery of gold from tailings by agita-
tion leaching, balance experiments are conducted with opti-
mal process parameters.

Based on the identified optimal modes, a basic technolo-
gical scheme for recovery of gold from sulphide gold-bearing
ores of the Vasilkovsky deposit with processing of ore bene-
ficiation tailings is proposed. Thus, this paper, based on the
analysis of the current state and promising directions for the
development of technologies for processing the off-balance
(low-grade) gold-bearing ores and the studies performed,
proposes and scientifically substantiates a fundamentally new
approach to solving the problem of ore leaching at the Va-
silkovsky GOK. The development of the theory and techno-
logy for processing such raw materials can significantly
increase efficiency and reduce the time for their exploration.
The complex of performed works represents the results of
laboratory studies, pilot-scale tests and industrial develop-
ment of the heap leaching technology for gold-bearing ores.
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4. Conclusions

Heap leaching is a promising method for involving gold
from low-grade ores, dumps and small deposits into the field
of gold recovery. This makes it possible to expand the ore
base and improve the technical-and-economic performance
of gold mining enterprises, which is essential for the mining
industry in Kazakhstan. To increase the gold concentration, it
is recommended to use a leaching solution in circulation or
for sequential irrigation of several areas of the ore mass.

With an increase in the pause duration of irrigation, the
velocity of recovery per unit time naturally decreases, alt-
hough the gold recovery per irrigation can remain approxi-
mately the same. With a zero and one-day pause, Au recov-
ery per a single irrigation is 1.37 and 1.43%, with a two-day
pause — 1.23%, and with a three-day pause — 1.35%.

Based on the obtained data, for leaching of the oxidized
gold-bearing ore of the Vasilkovsky deposit, it is recom-
mended to use a pause in irrigation lasting from 0 to 2 days
(until 20-25% of Au is recovered). After that, it can be in-
creased up to 3 days, thereby creating conditions for the in-
tensification of the natural oxidation processes of associated
minerals due to the penetration of atmospheric oxygen into
the pores and fractures of the ore. The optimal duration of a
pause in irrigation with gold recovery of 20-40% is 1-3 days.

The conducted complex research on the sorption of gold
and impurity metals makes it possible to recommend a
change in the technological scheme of sorption in order to
increase the efficiency of the process under the conditions of
the Vasilkovsky GOK. In this case, the transition from a two-
stage to a multi-stage counter-current process scheme is
probably more efficient. The number of sorption stages
should be chosen depending on the composition of the leach-
ing productive solution in a given period and the temperature
(seasonal) mode.

The results of research on the patterns for metal sorption
make it possible to issue recommendations for improving the
process efficiency under the conditions of the Vasilkovsky
GOK. At the same time, it is recommended to change from
two-stage to a multi-stage flexible sorption scheme, depend-
ing on the composition of the solutions and the seasonal
temperature mode.
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Ilepepobka XxBocTiB Ky4HOro BUIyroBysanus pya Bacumabkiscskoro I'3K, Kazaxcran

. Kaymerona, I. Apucran, X. A6camssmos, K. XKycynosa, JI. KanieHoB

Mera. [IpeicTaBuTH B y3araJbHEHOMY BHTIIAII MPOBEIEHI MOCIIDKEHHS 3 PO3POOKH TEXHONOTI] KyYHOTO BHIIYTOBYBAaHHS 30JI0TOBMiC-
HHX XBOCTiB Bacuibkiebkoro I'3K, siky MOXKHA BUKOPHCTOBYBATH JUISl OTPUMAHHS 30JI0Ta HA TEXHOICHHHX popoBuiiax Kazaxcrany.

Metomuka. J[ociikeHHs: BUITyYeHHS 30J10Ta 3 XBOCTIB 30araueHHst py BacHibKiBCHhKOrO pOIOBHIIA MPOBEICHO 3a MPSIMHUM LiaHy-
BaHHsAM. JIOCHIiM NPOBOAMIIM Y BIAKPUTHX TEPMOCTIMKMX CKISHKaX, 3a0e3MeueHnX MeXaHidyHOIo Mimankoro. [lixrotoBka marepiaiy 1o
LiaHyBaHHS CKJIaajiacs 3 HaCTYyIHUX OIepauiil: moapiOGHeHHs, BOAHE MPOMHUBAHHS Ta JyXHa 00poOKa 3 momaibpuiuM nianyBaHusaMm. Orm-
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THUMaJIbHI MapaMeTpy LiaHyBaHHS BU3HAYAJId BUKOHAHHSM cepii JOCTiAiB 31 3MiHOIO OJHOTO MapaMeTpa 3a MOCTIHOTO 3HAYCHHs 1HIIKX.
BusHauuBIIM ONTHMATIBHY TPUBAIICTH NPOIIECy, MPOBOIMIN cepil JOCTiAIB 31 3MIHOIO BMiCTy TBEpAOi peuoBHHHU y myismi 20, 25, 33, 50
Ta 100%. KoHuenTpanis uianigy B posunni cranosuna 0.1-1.0 r/aqm®. Kornentpauis tiocynsdary HaTpiro B [iaHICTOMY PO3YHHi CTaHO-
Buna 0.5-5.0 r/mm®. Temmepatypa mpomecy 3MmiHoBanacs B Mexax 20, 30 i 40°C. 3MiCT XMBHIBHOTO CEPENOBHINA — TiOCYIb(AT HATPitO
JUIsL BUKOPHCTOBYBaHOI KynsTypu T10.

Pe3syabsTaTn. BcTaHoBI€HO, 10 3 MiJBHIIEHHSIM BMICTY TBEPIOTO B ITyJIbII 3pOCTAE CTYNiHb OTPUMAHHS 30JI0TA 3 XBOCTIB, JOCSTAr0-
4y Makcumy 97.5%, npu criBBigHomenHi (tBepae @ piake) T:P = 1:1. ITpu BMicTi TBepAOTro B mynblli Hibkde 50% Uit JOCSATHEHHS BHITY-
yeHHs1 He MeHIe 85-90% moTpiOHO OinblI TpHBaje ariTaliiiHe BUIIyTOBYBaHHS MyJbIH, IO, Y CBOIO UEPry, MPHU3BOIAUTH A0 BETHKHX
eKCIUTyaTalliifHUX BUTpAT.

HaykoBa HoBH3HA. Briepie BCTaHOBJICHO, IO ONTHMAIBHUM BMICTOM TBEPAOI PEYOBHHH Ui MAKCHMAJIBHOIO BHJIy4YCHHS 30J10Ta B
nynbini MokHa BBaskat 50% (ado T:P = 1:1).

IpakTnyHa 3HaYAMicTh. [liBUIIEHHS BMICTY TBEPIOTO B IMyJBIII CIpHse 30UTBIICHHIO TPUBATOCTI KOHTAKTy PO3UMHHUKA 3 PYIHOIO
Macoro, 10 JI03BOJISIE 3aCTOCOBYBATH MEHIII KOHIIEHTPOBAaHI PO3UMHH BIITyTOBYIOYOTO peareHTa.

Knrouosi cnosa: xyune 6uny208y6anns, 3010mo, pyoa, X60Cmu 30a2a14eHts, po3yuH
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