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ABSTRACT

This paper presents the results of technological studies of two samples of gold-bearing ore from
the gold-bearing deposit of Kazakhstan deposits 1 and 2. A comprehensive analysis of ore samples
by X-ray fluorescence, X-ray phase, chemical, and mineralogical methods was carried out. The
calculated initial gold content was determined, and X-ray fluorescence analysis showed that the
main elements that make up the ore are oxygen up to 51% and silicon up to 33%. X-ray phase
analysis showed the presence of more than 95% quartz and muscovite in the samples. The form
of finding gold in the ore, according to the results of mineralogical analysis, is defined as free gold
and gold in iron hydroxide. Silver is present in the studied samples in the form of various types of
halides. An ore beneficiation scheme has been developed and presented, including gravity and
flotation. Gravity enrichment was carried out in two stages, with the production of concentrate
and tailings, with the maximum recovery of gold in concentrate up to 91%, flotation enrichment
using butyl xanthate reagents and a blowing agent, was carried out in two stages with the
production of main and control concentrates and final flotation tailings. The subsequent
hydrometallurgical study of the ore was carried out to assess the effect of sodium cyanide on the
extraction of gold, tests were performed on the leaching of the initial samples of the ore and the
obtained flotation and gravity concentrates in the agitation mode, it was found that cyanide
leaching is an effective method for processing the mineral raw materials of the gold-bearing
deposit of Kazakhstan, and the obtained flotation concentrates, with the recovery of gold into
solution under optimal conditions up to 98%. The results obtained make it possible to predict the
effectiveness of the main technological stages in the ore processing scheme, technology
optimization, and maximum gold recovery.
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Introduction

Enhanced environmental requirements and the
task of increasing the complexity of the use of raw
materials modify the assessment and reassessment
of new gold fields and operated ones, respectively.
Gold ores are usually characterized by a significant
variety of material composition, which implies the

use of a larger number of processes, schemes, and
options to process them. The technology for
processing of gold ores is complex and specific, and
differences in the material composition, processing
properties, and technological category of ores
determine the methods of concentration and
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extraction, as well as the possibility of processing
according to a single process scheme.

In connection with the depletion of reserves of
free-milling and high-grade ores, new deposits with
a low content of valuable components, a complex or
variable mineral composition, and technologically
refractory ores are put into operation. The complex,
heterogeneous, and variable composition of ores
within a single deposit complicates the processing
scheme and causes the need to adjust technological
modes, and sometimes it requires processing ores
according to various process schemes [[1], [2], [3],
[4], [5]]. Depending on enrichability, gold fields are
classified as: - placer; - silica gold vein; - primary
quartz carbonate-sulphide; - sulfide; - carbonaceous
shales. Placer and silica gold vein fields are free-
milling. Gold is extracted from solid sulfide ores as a
by-product. When producing concentrates of non-
ferrous metals such as copper, zinc, lead, and
molybdenum, the technology for the concentration
of gold-bearing carbonaceous shales has not been
developed [[6], [7], [8], [9], [10]].

Primary quartz-sulfide deposits are the most
common deposits of gold-bearing ores. These ores
are divided into free-milling and refractory ones.
When processing refractory ores by direct
cyanidation or a combined method, including the
stage of ore pretreatment and concentration by
flotation, less than 60-75% of gold is extracted, while
when enriching free-milling ores, more than 90% is
extracted [[11], [12], [13], [14]].

Moreover, the qualitative and quantitative
composition differs within the perimeter of one
deposit; therefore, research on improving the
efficiency of gold extraction, flotation concentration
of crude minerals containing fine gold, and the use
of gravity concentration methods are relevant.

Features of refractory ores are the presence of
fine gold which is usually embedded in pyrite or
other sulfides and is found in an unreleased form
inside mineral particles of sulfides. The particle size
of gold in such ores is usually less than 20 um [[15],
[16], [17], [18], [19], [20], [21], [22]].

Experimental part

Materials and basic methods. In this research,
we used modern research and analytical equipment
such as Optima 2000 DV atomic emission
spectrometer (United States); D8 ADVANCE X-ray
diffractometer; Thermo Nicolet Avatar 370 FTIR
spectrometer; Venus 200 X-ray fluorescence
spectrometer (PA Nalyical B.V., Holland), and
AxioScope Al optical microscope. MShL-22k ball mill
(Russia) was also used;

Main results and analysis. The material
composition of the base ore was studied and
technological regimes were worked out for dressing
and hydrometallurgical processing by cyanidation in
order to extract gold into a productive solution.

To determine the material composition of the
ore for the content of Siotal, Ssuitate, Ssuifige, AU, Ag, CaO,
and SiO; and for further research, ore pretreatment
was carried out. The samples received were
subjected to pretreatment operations such as
averaging and quartering. The selected averaged
samples were received for chemical, fluorescent,
phase, and mineralogical analyses. The sample
processing scheme is compiled for each deposit and
each type of ore, taking into account the
characteristics of the mineral and the size of the
initial samples.

Table 1 — Results of X-ray fluorescence analysis of ore samples of gold-bearing deposits of Kazakhstan 1 and 2

Element | Content, % | Element | Content, % | Element | Content, % | Element | Content, %
Dep 1 (Deposit 1)
[0) 51.59 S 0.357 Cu 0.023 P 0.031
Na 0.022 K 0.405 Zn 0.005 Fe 1.969
Mg 0.151 Ca 0.056 Rb 0.007 Pb 0.092
Al 1.658 Ti 0.082 Zr 0.002 Bi 0.003
Si 33.557 Mn 0.010 Mo 0.011
Dep 2 (deposit 2)
o 49.344 P 0.037 Mn 0.031 Zr 0.05
Na 0.087 S 0.295 Fe 4.715 Mo 0.009
Mg 0.270 K 0.494 Cu 0.079 Pb 0.092
Al 2.591 Ca 0.192 Zn 0.007 Ni 0.007
Si 29.566 Ti 0.117 Rb 0.010 Sr 0.004

—— 4 ——



KomnnekcHoe Ucnonb3oBaHne MuHepanbHoro Coipbsa. Ne2(329), 2024

In preparation for the research, the sample were
mixed and reduced in accordance with the standard
procedure with the allocation of weighed quantities
for technological research and the study of the
material composition.

Technological experiments including various
methods of studying the material composition of the
feedstock and microscopic studies provide data for
characterizing the morphology of gold and the
degree of its association with ore components. The
detailed elemental composition of the base ore
samples of gold-bearing deposits of Kazakhstan 1
and 2 (Table 1) was determined by fluorescence
analysis which allows to capture of the spectra of
elements from beryllium to uranium. The results are
shown in Table 1.

According to the results of the analysis, we can
conclude that the studied samples contain oxygen
(O) at 51.59% for Dep 1 and 49.34% for Dep 2, and
silicon (Si) at 33.55% for PK1 and 29.56% for Dep 2.
The sulfur content (S) is low and amounts to 0.36%
for Dep 1 and 0.29% for Dep 2. The content of Al is
1.65 and 2.59%, respectively.

The main composition of the rock-forming
components was determined by X-ray phase
analysis. The survey was carried out using the D8
Advance (Bruker) apparatus (a-Cu, tube voltage 40
kV, current 40 mA). Processing of the obtained data
of diffraction patterns and calculation of interplanar
distances were carried out using the EVA software.
Sample decoding and phase search were performed
using the Search/match program with the use of the
2020 PDF-2 powder diffractometric database. The
results of the X-ray phase analysis are shown in Table
2.

According to the research results, the crystalline
part of the image studied consists of quartz (Dep 1
97.3% and Dep 2 95.9%) and muscovite. The
research data give grounds to assume that the
technological type of ore under study is silica gold.

ISSN-L 2616-6445, ISSN 2224-5243

The subsequent mineralogical analysis made it
possible to establish the main forms of finding gold
in the rocks of mineral raw materials.

To establish forms of gold deportment, ore
samples of gold-bearing deposits of Kazakhstan 1
and 2 were mineralogically analyzed. A polished
section (J = 25 mm, weight = 10-15 grams) formed
from this material was studied under an optical
microscope AxioScope Al.

Mineralogical analysis of ore samples with a size
of up to 0.1 mm in order to study the ore mineral
composition and forms of gold deportment. The
study was carried out using an OLYMPUS-BX 51m
microscope in reflected light, and mineralogical
analysis was carried out using an electron probe
microanalyzer.

To perform the analysis, the sample was divided
into heavy and light fractions. According to the
method, heavy fractions were isolated in a heavy
liquid with a specific gravity of 2.9 g/cm? with the
subsequent production of polished artificial
briquettes.

Mineralogical analysis in reflected light.
Examination of Dep 1 sample. According to the
results of the study, non-metallic minerals that make
up more than 95% of the area of the polished section
1 were determined as quartz grains of grayish-milky-
white color and mica, which was confirmed by X-ray
analysis (quartz 97.3% and muscovite 2.7%). The
copper mineralization of the secondary sulfide
enrichment zone is represented by pyrite. In this
sample, iron-containing minerals and oxidized
minerals account for about 2-3% of the area of the
polished section. Under the reflected light
microscope, pyrite occurs in the oxidation zone of
iron oxides. The inclusion of large sizes up to 2 mm
is shown in Figure 3. Pyrite is white with a brass-
yellow tinge and shows high reflectivity. Iron
hydroxides are often found to be light gray, have
brown internal reflexes, and be isotropic (Figure 1).

Table 2 — Results of X-ray phase analysis of the initial sample of gold-bearing deposits of Kazakhstan 1 and 2

Range Name Formula Content, %
Dep 1
PDF 01-085-0865 Quartz SiO2 97.3%
PDF 00-003-0849 Muscovite H4K2(Al,Fe)6Si6024 2.7%
Dep 2
PDF 01-085-0865 Quartz SiO2 95.9 %
PDF 00-003-0849 Muscovite H4K2(Al,Fe)6Si6024 4.1%
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This figure shows the collomorphic structure of
limonite. The size reaches up to 1.5-2 mm. There are
also grains that are non-metallic and impregnated
with iron oxides. Perhaps this is a clayey substance
or fine sedimentary rocks (Figure 1). 1000x
magnification found no visible gold grains.

Relic of pyrite in iron hydroxides. 200x magnification

Figure 1 — Mineralogical analysis in reflected light

Examination of Dep 2 sample. X-ray phase
analysis showed the content of the crystalline phase:
quartz 95.9% and muscovite 4.1%. The sample is
similar to the Dep 1 one. In this polished section, the
grains are larger and have a collomorphic structure,
iron hydroxides are larger in % content, and the
grain size reaches up to 3 mm. Both free single grains
of pyrite and iron hydroxides were found (Figure 2).

Relic of pyrite in iron hydroxides.200x magnification

Figure 2 — Mineralogical analysis in reflected light

Mineralogical analysis using an electron probe
microanalyzer. The polished section is made of
heavy fractions. The sample mainly consists of
fragments of iron hydroxides such as goethite,
limonite, and rarely hematite. There are single grains
of pyrite which are usually found in the form of relics
in iron oxides and hydroxides, less often in the form
of free grains (Figure 3). Thorough scanning of the
briquettes under a conventional microscope at 200x
magnification revealed no gold; at 1000x
magnification, gold was found. To confirm the
presence of gold in the sample, the surface of the
briquette was studied by X-ray spectral

microanalysis using the Superprobe 733electron
probe microanalyzer (JEOL, Japan). Analyses of the
elemental composition of minerals (microinclusions)
and photographs of various types of radiation were
performed using an energy-dispersion spectrometer
manufactured by OXFORD INSTRUMENTS (England).

Scanning the briquette found two grains of gold
in iron hydroxides (Figure 4) with a % content of Fe
3.98; Ag 0.15; Au 95.87, and the second point with a
content of Fe 11.61; Ag 0.08; Au 88.31.

Free grain of pyrite. 1000x magnification

Figure 3 — Mineralogical analysis using an electron
probe microanalyzer.

The gold-bearing deposit of Kazakhstan 2 (Dep
2) sample is similar in mineral composition to the
Dep 1 sample. The inclusions are dominated by
hydroxides and iron oxides. Free grains of pyrite are
also present in a small amount (Figure 4); it is mainly
found as relics in iron hydroxides.

t
v

Pyrite in iron hydroxide. 1000x magnification

Figure 4 — Mineralogical analysis using an electron
probe microanalyzer

Study of the material composition of the initial
samples (Dep 1 and Dep 2). The ground material of
two initial samples of gold-bearing deposits of
Kazakhstan 1 and 2 was received for the study of the
material composition. In order to concentrate useful
and accompanying ore minerals from samples in a
heavy liquid with a specific gravity of 2.9g/cm?3,
heavy fractions were isolated with subsequent
production of polished artificial sections
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(briquettes). The briquettes were scanned, and
hydroxides and oxides of iron predominated therein.
Free grains of pyrite were found in a small amount,
mainly as relics in iron hydroxides (Table 3).

Table 3 — Gold deportment in the initial samples of gold-
bearing deposits of Kazakhstan 1 and 2

Deportment and content of Au, g/t

AUfree, Au is bound by Au with Auin JAU | Auiotal
oxidiz a crystal lattice sulfide quartz

ed of minerals minerals | veins
miner | (iron oxides and

als. hydroxides)*

Base ore of gold-bearing deposit of Kazakhstan 1

ND | 3.15 | <0.1 ‘ <0.01 ‘3.25‘ 3.25

Base ore of gold-bearing deposit of Kazakhstan 2

<0.1 | 4.0 | <0.05 ‘ <0.01 ‘4.15 ‘ 4.15

* Almost all of the gold in Dep 1 and Dep 2 is located in
the nodes of the crystal lattices of minerals, represented
mainly by oxide and hydroxide compounds of iron.

Gold-bearing deposit of Kazakhstan 1 sample.
Scanning the briquette surface by X-ray spectral
microanalysis found two gold crystals in iron
hydroxides. Grain sizes are 0.003-0.005 mm. The
first gold grain point contains Au 95.87%, and the
second gold grain point contains Au 88.31%. Along
with gold, several grains of silver halides such as Ag,
Br, Ag, and J were found (Figure 5). All grains are in
the form of inclusions in iron hydroxides.

S0MEm

Figure 5 — X-ray spectral microanalysis of the
Prirechnoye 1 sample. Gold grains in iron hydroxides

At the same time, silver which is part of the Dep
1 and Dep 2 samples, was found in compounds
represented by various types of halides. Deportment
of silver compounds, %: Cl 11.86; Br 9.94; Ag 76.79;
11.42.

Gold-bearing deposit of Kazakhstan 2 sample.
The mineral composition of the sample is close to
the one described above. The briquette was
scanned, and grains of iron hydroxides with fine
dispersion inclusiveness were found therein, which,
according to the analysis, is represented by gold

(Figure 6). Gold is found in iron oxides in the form of
tiny grains with a size of less than 1 .

OMKm
Inclusions of the smallest grains of gold in iron
hydroxide

Figure 6 — X-ray spectral microanalysis of the gold-
bearing deposit of Kazakhstan 2 sample

Thus, Figure 6 shows the facts of the occurrence
of inclusions of gold particles with thin inclusions in
iron hydroxides. The shape of the goldenrods is
diverse and can be spherical, rounded, monolithic,
hooked, elongated, or incorrect. The surface of Au
grains is both smooth with clear contours, and
rough, relief.

Discussion of the results

Gravity concentration was studied using the
base ore ground to 98% content of 0-0.071 mm
fraction on a 3-inch Knelson KC-MD3 3 centrifugal
concentrator with continuous unloading. This
concentrator contains a rotating cone-shaped rotor
with two grooves in the upper part with clamping
valves installed along the circumference. At the
bottom of the grooves, there are holes for fluidizing
water. During operation, the heavy fraction
accumulates in the grooves, and the valves are
periodically opened to discharge the accumulated
concentrate. The concentrate output varies
depending on the frequency and duration of
opening of the clamping valves.

The raw material in the form of pulp is fed into
the rotor through a feeding pipe on the bottom of
the cone. Under the action of centrifugal forces, the
pulp is thrown against the wall of the cone and,
moving to the threshold, stratified. Heavy minerals
settle on the inner surface of the cone, slide to the
gap and get inside the shell. Under the action of
water supplied from the pipe, they are washed out
through the threshold into the heavy fraction
collector. The light fraction goes through the
threshold into the receiver. The inner diameter of
the threshold may be equal to, or less than, the inner
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diameter of the threshold. It depends on the
location of the rotor axis, the magnitude of
centrifugal forces, as well as on the mineral
composition of the raw material. The output of the
heavy fraction at a fixed value of the internal
diameter of the threshold is controlled by the supply
of water through the channels.

Research conditions: The diameter of the
concentrator cone is 7.5 cm, the water flow is 3.5
L/min, the pressure is 25 kPa, and the acceleration
of the gravitational fall is 60 g. Table 4 presents the
results of gravity concentration.

Table 4 — Results of two-stage gravity concentration of
Dep 1 and Dep 2 samples of the gold-bearing deposit of
Kazakhstan

Weight
Weight, output, Au, Enu, %
Product g % g/t
Dep-1
Rougher
concentrate 158.3 5.3 23.5 44,16
Scavenger
concentrate 1 155.9 5.2 14.6 27.02
Scavenger
concentrate 2 144.9 4.8 11.5 19.78
Final concentrate 459.1 15.3 16.7 91.0
Tailings 2540.9 84.7 0.3 9.0
Total 3000.0 100.00 2.81 100.00
Dep-2

Rougher
concentrate 144.8 4.8 39.25 47.61
Scavenger
concentrate 1 142.3 4.7 19.7 23.48
Scavenger
concentrate 2 141.5 4.7 15.3 18.14

Final concentrate 428.6 14.3 24.9 89.2

Tailings 2571.4 85.7 0.5 10.8

Total 3000.0 | 100.00 3.98 | 100.00

Before gravity concentration, Dep 1, and Dep 2
samples were ground in a ball mill to 90 % content
of 0-0.071 mm fraction. The enrichment was carried
out in one stage with the production of two main
products, gravity concentrate and tailings. The
obtained concentrates and tailings after drying were
analyzed for the content of valuable components,
and the concentrates of Dep 1 and Dep 2 samples
were also used in further leaching experiments. The
concentrates of the two stages were combined. The
calculation of the balance of gravity concentration
products showed that the estimated initial gold

content in Dep 1 and Dep 2 is 2.81 g/t and 3.98 g/t,
respectively. Thus, the discrepancy with the results
of the analysis of the gold content in the initial PK 1
sample (3.21 g/t) is 12.5% (Discrepancy = (2.81/3.21
— 1.0) x100%). In the Dep 2 sample with a gold
content of 4.12 g/t, the difference in the enrichment
balance was 3.4%.

Technological studies of flotation concentration
were carried out with ground base ore of gold-
bearing deposits of Kazakhstan 1 and 2. For flotation
concentration experiments, Dep 1 and Dep 2
samples were ground in a ball mill to 90 % content
of 0-0.071 mm fraction. Laboratory studies were
carried out on standard laboratory flotation
machines of the Mechanobr type with a chamber
volume of 3.0 L. Flotation was performed at a ratio
of solid particles in the pulp equal to 33%. Flotation
concentration was carried out in two stages with the
production of the main and Scavenger concentrates,
as well as the final tailings of flotation.

During flotation studies, reagent regimes were
carried out using the following reagents: For rougher
flotation: pH 9.0; butyl xanthogenate 120 g/t;
foamer C7 60 g/t; duration 10 min; for scavenger
flotation: pH 9.0, butyl xanthogenate 60 g/t; foamer
C7 30 g/t; duration 5 min. All the obtained
concentrates and flotation tailings were dried for
further analysis. Dep 1 and Dep 2 concentrates were
used in subsequent gold leaching experiments.

Base ore

_1‘_
Grinding

Rougher flotation (t-10 min)
—

'

1 Scavenger flotation (t- 5 min)

Concentrate-1

' 1

Concentrate-2 Tailings

Figure 7 — Studies of flotation concentration; flotation
scheme (gold-bearing deposit of Kazakhstan
(1 and 2 deposits)

Figure 7 shows an experimental scheme for
determining the optimal fineness of the floated
material. The results of flotation concentration
experiments are presented in Table 5.
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Table 5 — Results of flotation of Dep 1 and Dep 2 samples
ground to 90 % content of 0-0.071 mm fraction

Weight, Weight Au, o
Product g output, % o/t Eau, %
Dep-1
Rougher
concentrate 215.6 10.8 29.0 83.64
Scavenger
concentrate 1 139.7 7.0 4.2 7.85
Scavenger
concentrate 2 75.4 3.8 2.2 2.22
Final
concentrate 430.7 21.5 16.3 93.7
Tailings 1569.3 78.5 0.3 6.30
Total 2000.0 100.00 3.74 100.00
Dep-2

Rougher
concentrate 291.0 14.6 13.32 49.96
Scavenger
concentrate 1 235.0 11.8 11.5 34.83
Scavenger
concentrate 2 112.4 5.6 5.65 8.19
Final
concentrate 638.4 31.9 11.3 93.0
Tailings 1361.6 68.1 0.4 7.0
Total 2000.0 100.00 3.88 100.00

The calculation of the balance of flotation
concentration products showed that the estimated
initial gold content in Dep 1 and Dep 2 is 3.74 g/t and
3.88 g/t, respectively.

Thus, the discrepancy with the results of the
analysis of the gold content in the initial Dep 1
sample (3.21 g/t) is +16.5% When calculating the
experimental error and estimated data, the
discrepancy was (3.74/3.21—1.0) x100%). In the Dep
2 sample with a gold content of 4.12 g/t, the
difference in the enrichment balance was 5.83 %.

Hydrometallurgical studies of ore samples from
the gold-bearing deposit of Kazakhstan (Depl and
Dep 2) were carried out using samples ground to 80
% content of 0-0.071 mm fraction.

To assess the effectiveness of cyanide leaching
for extracting gold from the raw materials of the
Prirechnoye deposit, tests were performed on the
leaching of base ore samples, gravity, and flotation
concentrates. The study of the leaching process was
carried out by tank leaching method with stirring
activation [[18], [19]]. The data is presented in Table
6.

Leaching process mode. Cyanide (NaCN)
concentration is 0.2%; duration of cyanidation is 24
h; pulp density during cyanidation is 30% solid; pH

ISSN-L 2616-6445, ISSN 2224-5243

10.5. The test sample was ground to 80 % content of
0-0.071 mm fraction, then pulped and tested in
agitation mode, while controlling the alkalinity pH at
10.5. To ensure an initial pH value of 10.5, alkali
NaOH was added to the sodium cyanide solution.
Upon completion of cyanide leaching, the pulp was
filtered, and the solid precipitate (cake) was
analyzed for gold content.

Table 6 — Results of agitated cyanide leaching of gold-
bearing deposit of Kazakhstan 1 and 2 samples

Initial Cakeau

Option/conditions | Au, g/t , 8/t Eau, %
Dep 1 base ore 321 | 008 | 9751
Dep 2 base ore 4.12 0.13 96.84
Dep 1 rougher

concentrate,

gravity 23.5 3.83 83.70
Dep 2 rougher

concentrate,

gravity 39.25 20.0 49.04
Dep 1 rougher

concentrate,

flotation 29.0 0.54 98.14
Dep 2 rougher

concentrate,

flotation 13.32 0.61 95.42

The results of the studies show that during
cyanide leaching of ground base ore of gold-bearing
deposits of Kazakhstan 1 and 2, gold extraction in
optimal modes is 97.51% and 96.84%, respectively.
Gold extraction was calculated by the residual
content in the cake.

Thus, the extraction of gold in optimal modes is
in %:

- gravity concentration of gold-bearing deposit
of Kazakhstan 1 and 2 ore: 91.0 and 89.2,
respectively;

- gravity concentration of Dep 1 and Dep 2 ore
followed by cyanidation of gravity concentrate:
83.70 and 49.04;

- flotation concentration of Dep 1 and Dep 2 ore:
93.7 and 93.0;

- flotation concentration of Dep 1 and Dep 2 ore
followed by cyanidation of flotation concentrate:
98.14 and 95.42, respectively.

It follows from the data in Table 6 that the base
ore of the gold-bearing deposit of Kazakhstan 1 and
2 and the flotation concentrates of the gold-bearing
deposit of Kazakhstan 1 and 2 are well cyanized.
Gravity concentrate of Dep 1 and Dep 2 is cyanidated
slightly worse.
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Conclusions

The technology for processing gold ores is
specific and complex. For the complete recovery of
the precious metal, a combination of various
processing methods such as concentration and
hydrometallurgical wats is used. The complex
material composition, the scale of deposits, and
environmental requirements require a
comprehensive study of raw materials, analyses, and
technological experiments. The ultimate goal of the
research is to develop a technology with maximum
recovery of the target metal. We carried out a
technological assessment of ore from the gold-
bearing deposit of Kazakhstan deposit (Dep 1 and
Dep 2 samples), studied the material composition,
and tested ore for the enrichment and efficiency of
hydrometallurgical recovery of gold by agitated
cyanide leaching. It has been confirmed that silica
gold vein is the technological type of ore. Based on
the study of the material composition and
deportment of gold and associated minerals, it was
proposed to conduct technological studies on
gravity and flotation concentration, where greater
efficiency and selectivity were shown in the flotation

cycle; according to the results of the analysis, 93.7 %
and 93.0 % passed into the scavenger concentrate
for Dep 1 and Dep 2 samples, respectively. Gravity
concentration has a lower efficiency in relation to
this ore (91.0 % and 89.2 %) due to the loss of fine
gold during the release of mineral grains. The
proposed technology of ore processing of the gold-
bearing deposit of Kazakhstan includes ore
preparation (grinding to 80 % content of 0-0.071 mm
fraction, flotation with a reagent composition: pH
9.0; butyl xanthogenate 120 g/t; foamer C7 60 g/t,
with further agitated cyanide leaching by tank
leaching method at a concentration of cyanide
(NaCN) of 0.2; pulp density of 30% solid and
alkalinity pH of 10.5). Further recovery of gold from
the productive solution is possible by electrolysis
after concentration by the ion exchange method.
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ANTbIH KeHiH eHAeY TEXHOIOIUACBIH 3epTTey }KaHe AaMbITy
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TYRIHAEME

Byn xymbicTa KasaKcTaHaafbl KypambiHAA anTbiHbl 6ap KeH OpbIHAAPbIHbIH, €Ki yariciH —KeHopbIH
1 koHe KeHOpblH 2 yArinepiHiH TeXHONOrMANbIK 3epTTeynepiHiH, HaTukenepi bepinreH.
PeHTreHaik ¢nyopecueHuMs,  peHTreHAK asanblk,  XUMUANBIK KOHE MUHEepanoruAnbIK,
a4icTepMeH KeH YArinepiH KeweHAi Tangay »Kysere acbipbingpl. EcentenreH 6actankbl antbiH
KYPambl aHbIKTaNbIMN, PeHTreHAiK ¢ayopecueHUMANbIK Tangay KeHAi KypawTblH  Herisri
anemeHTTep peTtiHae 51%-fa aeWiH oTTeri »aHe 33%-fa AeliH KpemHuii 60naTbiHbIH KOPCeTTi.
PeHTreHaik pasanbik Tangay yarinepae 95%-aaH actam KBapu, NneH MyCKOBWTTIH 6apblH KepceTTi.
MuHepanorvanbiK  Tangay HatuKenepi 6oMbliHWA KeHAeri antblH 60C  anTblH - XKaHe
TEMIprUAPOKCUAiHAEr anTbiH TypiHAe 60MaTbiHbl aHbIKTanAbl. 3epTTeneTiH yarinepae Kymic ap
TYpAi ranoreHuaTep TypiHAe Ke3sgecedi. MpaBuTauMAZaH XaHe dnoTauMazaH TypaTbiH KeHai
6alibITy cxemacbl 33ipaeH4i KaHe YCbiHbINAbl. [paBUTaLMANDbIK balibiTy KOHLEHTPATNeH Kanabl
eHAipyMeH, KOHUEHTpATTafbl  anTbiHHbIH, ~ MaKCMManabl  anblHybl 91%-fa  pewiH,
ByTUAKCAHTOreHaTblpe areHTiH aHe KebiKTeHAipriwTi naiganaHa oTblpbin  GAOTAUUANDBIK
6avibiTymeH, Heri3ri »kaHe 6aKpliay KOHLEHTpaATTapbl »KaHEe COHFbl GNoTauMANbIK KangbliKrap
aNblHATbIH, €Ki Ke3eHAe Ky3ere acblpbingbl. HaTpuit LMaHWAIHIH, anTbiHAbl eHAipyre acepiH
6afanay ywWiH KEHHiH rMApPOMeTanNypruablk 3epTreyaepi Xyprisingi. KeHHid 6actankbl yarinepin
YKOHE anblHFaH GNOTAUMANBIK KOHEe rPaBUTALMANDBIK KOHLLEHTPATTapAbl apanacTtblpy pexumiHae
Wwanmanay 6oMblHWA CbIHAKTap Kyprisingi. UnaHuaTi warimanay KasakcTaHAafrbl KypambiHOA
anTbiHbl 6ap KEH OpPHbIHbIH MWHEPaNAblK LIMKI3aTblH KOHE OAaH anblHaTbiH $GAOTALMANBIK
KOHLeHTpaTTapAbl 6HAEYAIH TiMAi aaici 601biN TabbiNaTbIHbIH YKaHe OHTalAbl XKaFaaniaa 98%-fa
OeliH anTblHAbl epiTiHAire KaWTapy MyMKiH 60naTbiHbl aHbIKTaNAbl. ANbIHFAaH HATUXKeNep KeHai
eHAeycbI3  BacblHAafbl Herisri  TEXHOMOTUANBIK,  Ke3eHAEPAiH, TWIMAINIrH, TeXHONOrUAHbI
OHTaWNAHAbIPYAbI }KaHE aNTbIHHbIH MAaKCMMaNAbl anbiHyblH 6oMKayFa MyMKiHAIK bepeai.
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AHHOTAUMA

B gaHHOM paboTe npeacTaB/ieHbl Pe3ynbTaTbl TEXHOMOTMHYECKUX MCCefoBaHMA ABYX 06pa3sLoB
npob 30n10TOCOAEPIKALLEN PyAbl MecTopoxaeHusa KasaxcTaHa— mecTopoxaeHus 1 u 2. NposeaeH
KOMMEKCHbI  aHanu3 06pa3uoB  pyabl  PeHTreHobyOpecueHTHbIM,  peHTreHodas3osbim,
XUMMUYECKMM U MUHEpPanorMiyeckum metogamu. OnpesesieHo pacyeTHOE UCXOAHOE COAepiKaHue
30/10Ta, TaK e, PeHTreHohNyOpecLeHTHbIMaHaIM30M MOKa3aHo, YTO OCHOBHbIMM 31eMeHTaMMm,
COCTaBAAOWMMU PYaY, ABNAIOTCA KMCNOPOA, A0 51% v KpeMHui 40 33%. PeHTreHoda3oBblii aHanu3
rokasan npucyTcTere B npobax Ksapua, 6osiee, 4em 95% v myckosuta. Dopma HaXoKAeHWA 3010Ta
B py4e, MO pesy/ibTaTam MWHEPasIorMYecKoro aHanusa, onpegesneHa, Kak cBobogHOe 30/10TO M
30/10TO B rMapookucne xenesa. Cepebpo npucytcTByeT B Mccneayembix obpasuax B dopme
ranoreHMAOB pasnuyHoro Tuma. PaspabotaHa W npeacrasieHa cxema oborawieHus pyabl,
BK/IIOYAIOLLAA rpaBuTaumio u ¢dnotaumio. MpasuTaumMoHHoe oboralieHne NpPoBOAMIOCH B ABe
CTafiuu, C NOJlyHEeHMEM KOHLLEHTPaTa M XBOCTOB, MaKCMMa/ibHOEe M3B/IeYeHMe 30/10Ta B KOHLEHTpaT
00 91%, dnotaumoHHoe oboraleHe ¢ UCNONb30BaHMEM peareHToB 6yTUI0BOro KCaHTOreHaTa u
BCreHMBaTeNs, MPOBOAWIOCL B [ABE CTaguu C MOJlyYEHUEM OCHOBHOMO WM KOHTPOJIbHOTO
KOHLIEHTPATOB M WTOroBbIX XBOCTOB ¢ioTaumu. [locneayloulee rMApoOMeTasIypruyeckoe
nccaefoBaHne pyapl NPOBOAMAOCH AR OLEHKM BAMAHWA UMaHUAa HaTpuA Ha M3BaedYeHue 30/10Ta,
BbIMO/IHEHbI TECTbI MO BbILLENAYMBAHUIO UCXOAHBIX NPO6 PYAbl M NOAYYEHHbBIX GAOTALUMOHHBIX M
rPaBUTALMOHHbBIX KOHLEHTPATOB B arMTaLMOHHOM pPEeXMMeE, YCTaHOB/IEHO, YTO LUMaHUAHOe
BbilenadnBaHve AsaAeTcA 3GGEKTUBHBIM cnocobom AnA nepepaboTKM MUMHEPaNbHOMO CbipbA
30/10TOCOAEPKALLErO MECTOPOXKAEeHMA KaszaxcTaHa, U NoslydeHHbIX GNOTaLuMOHHbIX KOHLEHTPATOoB,
C M3BJIeYEHMEM 30/10Ta B PACTBOP MPU ONTUMAIbHBIX YC10BUAX 40 98%. MonyyeHHble pesynbTaThl
MO3BO/IAIOT MPOrHO3MPOBaTh 3GPEKTUBHOCTL OCHOBHbLIX TEXHO/NIOTMYECKMX 3TaroB B CXeme
nepepaboTKM pyabl, ONTUMM3ALMM TEXHONOMMM U MaKCUMa bHOIO U3B/1eYeHMsA 30/10Ta.
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