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RESEARCH OF THE COMPLEX STAGE-BY-STAGE SCHEME OF GRAVITY
SEPARATION OF GOLD ORE

Abstract. To extract large free gold, gravity separation is used, which is the most common method for
processing mineral raw materials. The object of research is the gold-bearing ore of one of the deposits of
Kazakhstan in the Almaty region. According to the results of assay and gravimetric analysis, the average
gold content in the ore is 11.84 g/t, silver - 6.10 g/t. According to the content of sulfide sulfur (1.18%), the
ore sample is assigned to the low-sulfide type of ore, according to the oxidation state of sulfur (1.67%) - to
the primary type of ore. The results of assay, chemical and mineralogical analyzes of the ore have shown
that the main industrially valuable component in the ore is gold. Basically, gold is in the form of free grains,
and has different shapes and sizes of gold grains. Laboratory studies on gravity separation of ore have been
carried out. The influence of the size of the ore and the use of various devices - the concentration table and
the Knelson concentrator - have been studied. The highest enrichment rates were obtained at the Knelson
concentrator when enriching regrind ore with a size of 80% of -0.071 mm: in one stage, the gold recovery
into the gravity concentrate was 73.06%; the gold content in the concentrate is 379.2 g/t; the concentrate
yield is 3.23% of the ore mass. Tests were carried out for stage-by-stage gravity separation of ore, including
gravity concentration at the first stage, the gold ore crushed to 100% passing -1.0 mm and processed at the
concentration table; at the second stage, the tailings of the first stage and tailings of the first re-separation were
regrind to 60% passing -0,071 mm and processed at the concentration table; at the third stage, the tailings
of the second stage and tailings of the second re-separation were regrind to 90% passing -0,071 mm and
processed at the Falcon centrifugal concentrator; and at the fourth stage - gravity control on the concentration
table and Knelson centrifugal concentrator. The use of a complex stage-by-stage scheme of gravity separation
of ore made it possible to increase the gold recovery in concentrate and enriched products to 83.30-86.11%
with a yield of 5.088-5.368% with an average gold content of 251.53-274.27 g/t. Gravity tailings contain
2.86-2.37 g/t gold.

Key words: gravity separation, gold ore, concentration table, centrifugal concentrator, gold.

Introduction. To extract large free gold, gravity separation methodsis used, which is the most common
method of processing mineral raw materials [1-3]. Over a long period of time, this method has undergone
changes - from simple washing and separation of grains on an inclined plane to the use of centrifugal
concentrators. The method of separating mineral grains by density in gravity devices is simple and allows
you to enrich alluvial gold in remote areas without an established infrastructure. In addition, this method does
not require the use of chemical reagents and is characterized by low energy consumption [2-6].

There are various studies and techniques for gravity methods of gold-bearing ores using concentration
tables for large gold and centrifugal concentrators for medium and fine gold [6-18].

In this article, the indicators of tests for gravity separationof gold-bearing ore from one of the deposits in
Kazakhstan in order to maximize gold recovery.

Experimental part. The object of research is gold-bearing ore from one of the deposits of Kazakhstan in
the Almaty region. According to the results of assay and gravimetric analysis, the average gold content in the
ore is 11.84 g/t, silver - 6.10 g/t.

To perform the analysis for other elements, chemical decomposition and determination by the atomic
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absorption method of the content of associated metals were used. A chemical weight method was used for
phase analysis for sulfur. The chemical composition of the ore is shown in Table 1.

Table 1 — Results of the chemical analysis of the ore sample

Components Content, % Components Content, %
Copper 0.028 Aluminiumoxide 13.10
Nickel 0.0028 Calciumoxide 2.80
Cobalt 0.014 Magnesiumoxide 2.90

Zinc 0.009 Sodiumoxide 0.68
Lead 0.004 Potassiumoxide 3.01
Iron 6.59 Totalsulfur 1.20
Arsenic <0.01 Sulfidesulfur 1.18
Antimony 0.0045 Sulphatesulfur 0.02
Siliconoxide 54.81 Sulfuroxidationstate,% 1.67

It follows from the results of chemical analysis that the ore sample has a simple material composition.
Non-ferrous metals do not represent industrial value due to their low content in the ore. According to the
content of sulfide sulfur (1.18%), the ore sample is assigned to the low-sulfide type of ore, according to the
oxidation state of sulfur (1.67%) - to the primary type of ore [18].

Complex mineralogical analysis was carried out using X-ray phase, microscopic and optical methods.
The samples were studied under a microscope in thin sections, polished sections, artificial briquettes and
immersion media. Gold grains were studied on an electronic microanalyzer of the JEOL JXA-8230 Electron
Probe Microanalyzer brand.

X-ray diffractometric analysis of average samples was performed on a DRON-4 diffractometer with Cu, -
radiation, B-filter. Conditions for recording diffraction patterns: U =35 kV; I =20 mA; scale: 2000 imp.; time
constant was 2 s; shooting theta-2theta; detector 2 deg/min. [18].

Semi-quantitative X-ray phase analysis was carried out on the basis ofdiffractograms of powder samples
using the method of equal portions and artificial mixtures. The quantitative ratios of the crystalline phases
were determined. Interpretation of diffractograms was carried out using data from the ICDD card index: PDF2
powder diffraction data base (Powder Diffraction File) and diffractograms of minerals free of impurities. For
the main phases, the contents were calculated [18].

The mineral composition is shown in Table 2 and Figure 1.

Table 2 —Mineralcomposition

Minerals, massfraction, %
Oreminerals Rock-formingminerals
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Figure 1-Diffractogram of the sample

Table 2 shows that the main ore minerals of the sample are represented by pyrite, which is 3.5% and iron
hydroxides - 2.0%. The main ore minerals are not widely distributed and total about 2%.0f the rock-forming
minerals quartz, muscovite and amphibole predominate, accounting for about 80-81%; chlorite, potassium

feldspar, albite and carbonate are of subordinate importance [18].

Basically, gold is in the form of free grains, and has different shapes and sizes of gold grains. Approximately
80% of gold grains are observed in the form of thin and small inclusions in pyrite from thousandths to
hundredths (Figure 2). There are larger grains of gold (0.25-0.325 mm), which are presented in the form of

intergrowths with iron hydroxides (Figure 3).

According to the results of assay, chemical and mineralogical analyzes, only gold is an industrially

valuable component.
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Figure 2— Dispersion of gold (1) in pyrite (2). The size of the gold grains is from 0.005 to 0.06 mm.

Polishedsection, magnification 200
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Y

Figure 3— Gold (1) in an intergrowth with iron hydroxides. Polished section, magnification 100

Laboratory research. Gravity separation tests were carried out under various conditions:

- First test of gravity separationon the concentration table.

The first test of gravity separation, the gold ore crushed to 100% passing -1.0 mm and processed at the
laboratory concentration table SKL-2 with a deck surface area of 0.1 m?. The number of deck swings per
minute is 250, the length of the deck is 6 mm, the angle of the deck is 5°, the water consumption is 20 L/kg
of ore,the productivity is 12-15 kg/h.

- Second test of gravity separationon the centrifugal concentrator(100% passing -1.0 mm).

The second test of gravity separation, the gold ore crushed to 100% passing -1.0 mm and processed at the
Knelson centrifugal concentrator (KC-MD?3) under the following modes: centrifugal acceleration - 60G; flow
rate of fluidizing water - 3.5 dm*/min; solid productivity - 0.5-0.6 kg/min; excess pressure of fluidizing water
- 10-14 kPa; solids content in the pulp supplied for gravity separation — 25-30%.

- Thirdtest of gravity separationon the centrifugal concentrator(80% passing -0.071 mm).

The third test of gravity separation,the gold ore regrind to 80% passing -0.071 mm and processed at
theKnelson centrifugal concentrator (KC-MD3) under similar conditions of the second test.

Results of laboratory research. The concentrates obtained from the tests were analyzed by the assay
method for gold content (Table 3).

Table 3 — Results of assay analyzes of gravity concentrates

Goldcontent, g/t
No Test 1: Test 2: Test 3:
B 100% passing -1.0 mm, 100% passing -1.0 mm, 80% passing -0.071 mm,

concentration table Knelson Knelson

1 116.79 228.00 292.73

2 115.64 217.79 431.92

3 117.14 186.39 482.04

4 71.47 159.28 310.09
Average 105.26 197.87 379.20

It follows from the data in Table 3 that with the same ore size (-1.0 mm) subjected to gravity separation,
the gold content in the gravity concentrate obtained on the Knelson centrifugal concentrator is 1.88 times
higher than in the concentrate obtained on the concentration table. The size of the ore entering the gravity
separation greatly affects the quality of the gravity concentrate. The gold content in the concentrate obtained
at the Knelson concentrator using of 80% of -0,071 mm ore grain size is 1.92 times higher than the gold
content in the gravity concentrate obtained at this device with an ore size of -1.0 mm; and 3,6 times higher
than the gold content obtained by dressing the ore -1.0 mm on the concentration table.

Table 4 shows the results of assay analyzes of gravity tailings.
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Table 4 — Results of assay analyzes of gravity tailings

Goldcontent, g/t

No Test 1: Test 2- Test 3:

100% passing -1.0 mm, 80% passing -0.071 mm, Knelson
concentration table

100% passing -1.0 mm, Knelson

1 10.56 6.60 4.80
2 11.08 6.84 4.80
3 11.00 6.52 4.40
Average 10.88 6.65 4.67

The highest gold content (10.88 g/t) in the gravity tailings obtained on the concentration table during
the separation of crushed ore with a size of -1.0 mm, the lowest (4.67 g/t) in the gravity tailings obtained
during the separation of crushed ore at the Knelson device. The Knelson tails with a grain size of -1.0 mm are
intermediate in gold grade (6.65 g/t).

Table 5 shows the gravity separation values for the concentration table and the Knelson centrifugal
concentrator.

Table 5— Indicators of gravity separation of ore

Product ” Y1e1|d % Goldcontent, g/t Goldrecovery, %
Test 1: 100% passing -1.0 mm, concentration table

concentrate 91.8 3.11 105.26 23.73

tailings 2858.0 96.89 10.88 76.27

ore 2949.8 100.00 13.82 100.00
Test 2: 100% passing -1.0 mm, Knelson

concentrate 97.3 3.27 197.87 50.12

concentration table 2882.0 96.73 6.65 49 .88

ore 2979.3 100.00 12.89 100.00
Test 3: 80% passing -0.071 mm, Knelson

concentrate 96.4 3.23 379.20 73.06

tailings 2886.0 96.77 4.67 26.94

ore 2982.4 100.00 16.78 100.00

It follows from the data in Table 5 that the highest technological indicators were obtained when using the
Knelson concentrator with gravity separation of regrind ore with a size of 80% of -0.071 mm: gold recovery
into the gravity concentrate was 73.06% with a gold content of 379.2 g/t, the gravity tailings contain is 4.67
g/t of gold. This indicates that the ore contains both relatively large gold grains and small free ones, which is
confirmed by mineralogical analysis (Figures 4-5).

Thus, it can be stated that for the effective extraction of gold from this type of ore containing large and
small gold, it will be necessary to use a complex stadium scheme of gravity separation.

Figure 4— Gold in quartz. Polished section, magnification 200
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Figure 5— Gold in an intergrowth with pyrite. Polished section, magnification 200.

Research of the complex stage-by-stage scheme of gravity separation. Research of the complex
scheme consisted in the stage-by-stage gravity separation of ores of different sizes and the use of various
gravity devices [18]. The scheme includes (Figure 6):

- at the first stage, the gold ore crushed to 100% passing -1.0 mm and processed at theconcentration table;

- at the second stage, the tailings of the first stage and tailings of the first re-separation were regrind to 60%
passing -0,071 mmand processed at theconcentration table;

at the third stage, the tailings of the second stage and tailings of the second re-separation were regrindto
90% passing -0,071 mmand processed at the Falcon centrifugal concentrator;

- at the fourth stage —gravity control on the concentration table and Knelson centrifugal concentrator.

Gold ore
(100% passing -1.0 mm)

1 stage — Concentration table

Tailings Rough concentrate
1% stage
1 re-separation — Concentration table
Tailings
1% re-separation| Middling product — Concentrate
Regrinding to 60%
passing -0.071 mm
2u stage — Concentration table )
Tailings Rough concentrate
20 stage
2w re-geparation — Concentration table
Tatlings | Middling product Concentrate
20d fe-separation
}
Regrinding to 90%
passing -0,071 mm
+
3% stage — Falcon
Tailings
3rd stage Concentrate
Gravity control
Krnelson Concentration table
I Rough concentrate
Concentrate Tailings Tailings

Re-separation — Concentration table

'
Concentrate  Middling product  Tailings

Figure 6— Schematic diagram of the four-stage gravity separation of gold ore

1ststage — Concentration table. At the first stage, the gold ore crushed to 100% passing -1.0 mm and
processed at the laboratory concentration table SKL-2.
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As a result of gravity separation, gravity rough concentrate and tailings were obtained. Gravity rough
concentrate were re-separation on the concentration table, while re-separation concentrate, middling product
and re-separation tailings are obtained.

The obtained products of the 1st stage of gravity separation were analyzed for gold content by the assay
method. The average gold content in the concentrate was 730.45 g/t, in the middling product 105.90 g/t. The
bulk of the concentrate is represented by pyrite and other sulfide-containing minerals, while the middling
product are represented by sulfide minerals and gangue minerals with a high specific gravity and larger
particles.

The average gold content in the tailings of the re-separation tailings is 17.01 g/t, in the tailings of the 1st
stage of gravity separation 5.927 g/t.

Table 6 shows the indicators of the st stage of gravity separation of ore with 100% passing -1.0 mm on
the concentration table.

Table 6— Indicators of the 1st stage of gravity separation

Product Yield, % Goldcontent, g/t Goldrecovery, %
Concentrate 1.300 730.45 55.20
Re-separation tailings (1st stage) 11.307 17.01 11.18
Roughconcentrate 13.212 91.29 70.10
Tailings(1st stage) 86.788 5.927 29.90
Ore 100.00 17.20 100.00

It follows from the data in Table 6 that at the 1st stage, 70.10% of gold is extracted from crushed ore with
a grain size of -1.0 mm into the gravity rough concentrate. The yield of the rough concentrate is 13.21%, the
estimated gold content in it is 91.29 g/t. The yield of the tailings of the 1st stage of gravity is 86.79%, the gold
content in them is 5.927 g/t.

After re-separation of the rough concentrate, the gold content in the re-separation concentrate increased
to 730.45 g/t with its yield of 1.30% of the ore mass and gold recovery of 55.20%. The middling product
contains 105.9 g/t of gold, its yield is 0.605%, the gold recovery in the middling product was 3.72%. The re-
separation tailings contain 17.01 g/t of gold. The gold content in the tailings of the re-separation is comparable
to the gold content in the ore, which according to the balance is 17.20 g/t and is significantly higher than the
content determined by direct assay analysis of the initial ore, which was 12.675 g/t. This discrepancy is due
to the significant amount of relatively large free gold in the ore, which is confirmed by the results of assay
analyses of private samples of the refined gravity concentrate.

In general, at the 1st stage of gravity separation of crushed ore with a size of -1.0 mm, sufficiently high
technological indicators were obtained: the total gold recovery into the refined concentrate and middling
product was 58.92% with their output of 1.9% of the ore mass.

2nd stage — Concentration table. To carry out the 2nd stage of gravity separation, the remains of the
tailings of the 1st stage of gravity and the remains of the tailings of the re-separation were used, which are
combined and directed to grinding.

Gravity separation of the 2nd stage was carried out similarly to the 1st stage of separation. The tailings of
the 1st stage of gravity and the remnants of the tailings of the re-separation were regrind to 60% passing -0,071
mm and processed at the concentration table SKL-2 with the previously specified processing parameters. As
a result of gravity separation, tailings of the 2nd stage of gravity and rough concentrate were obtained, which
was then re-separation to obtain the concentrate, middling product and re-separation tailings.

The results of assay analyzes of the products of the 2nd stage of gravity separation: the average gold
content in the re-separation concentrate of the 2nd stage of gravity is 306.16 g/t, in the middling product is
67.84 g/t, in the re-separation tailings is 10.52 g/t, in the tailings of the 2nd stage of gravity separation 3.99
g/t.

Table 7 shows the indicators of the 2nd stage of gravity separation on the concentration table of tailings of
the Ist stage of gravity, regrind to 60% passing -0,071 mm.
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Table 7— Indicators of the 2nd stage of gravity separation

Product Yield,% of the mass of tai_lings of | Goldcontent, | Goldrecovery,
the 1st stage of gravity g/t %

Concentrate 0.591 306.16 27.92
Middlingproduct 0.643 67.84 6.74
Re-separation tailings (2nd stage) 4.472 10.52 7.26
Roughconcentrate 5.705 47.59 41.92
Tailings(2nd stage) 94.294 3.99 58.08
Feed: Tailings (1st stage) + Re-

separation tagiliflgs (1 stgs‘zage) 100.000 6.478 100.00

It follows from the data in Table 7 that at the 2nd stage, 34.66% of the gold from the amount contained
in the combined tailings of the 1st stage of gravity and the tailings of the 1st re-separation is extracted into
the concentrate and middling product. The gold content in the concentrate of the 2nd stage is 306.16 g/t, and
the middling product is 67.84 g/t. The re-separation tailings contain 10.52 g/t gold, table tailings 3.99 g/t,
which is a large value. Judging by the high indicators of gravity separation at 2 stages from the tailings of the
Ist stage of gravity crushed to 60% passing -0,071 mm, we can confidently assume that after regrinding the
tailings of the 2nd stage of gravity to a smaller size, it will be possible to extract some more gold.

The total increase in gold recovery into the refined concentrate and refined middling product was 13.82%
of the ore mass.

3rd stage - Falcon centrifugal concentrator. The remains of the 2nd stage of gravity tailings and the
tailings of the re-separation are combined, averaged and regrind to 90% passing -0,071 mm. The regrind
tailings of the 2nd stage of gravity were sent to the 3rd stage of gravity separation using a Falcon L 40
centrifugal concentrator.

The separation parameters are as follows: the flow rate of fluidizing water is 9 L/min; centrifugal force
field is 90 G; productivity is 35 kg/h.

As a result of gravity separation at 3 stages, the concentrate and tailings were obtained.

According to the results of assay analysis, the average gold content in the gravity concentrate was 302.33
g/t, which is close to the gold content in the concentrate obtained at the 2nd stage of gravity separation.

Table 8 shows the indicators of the 3rd stage of gravity separation on the Falcon centrifugal concentrator
of the 2nd stage of gravity tailings, regrind to 90% passing -0,071 mm.

Table 8— Indicators of the 3rd stage of gravity separation

Yield, % of the mass of tailings of Goldrecovery,
Product the 2nd stage of gravity Goldcontent, g/t o,
Concentrate 0.30 302.33 22.49
Tailings(3rd stage) 99.70 3.14 77.51
Feed: T.alhng.s.(2nd stage) + Re- 100.00 4.04 100.00
separation tailings (2nd stage)

It follows from the data in Table 8 that at the 3rd stage (in the operation), the gold recovery into the gravity
concentrate was 22.49%. However, the tails of gravity contain 3.14 g/t gold, which is large.

The total increase in gold recovery into refined concentrate and refined middling product was about 5.29%
of the ore mass.

In the practice of beneficiation, along with the main operations, additional control operations are used,
which make it possible to obtain enriched products and increase the throughput of gold recovery.

In this regard, a control stage of gravity separation was carried out using the concentration table and the
Knelson centrifugal concentrator.

4th stage — Gravity control. From the total mass of tailings obtained at the 3rd stage of gravity separation
on the Falcon centrifugal concentrator, 2 partial samples were selected, which were directed to control gravity
on two different devices - the concentration table and the Knelson centrifugal concentrator.
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Gravity control on the concentration table. The test provided for a large output of the rough concentrator
for the highest gold recovery and obtaining gold-depleted gravity tailings. The resulting rough concentrate
is re-separation to obtain a control gravity concentrate, middling product and re-separation tailings. The test
used 3 kg of tailings of the 3rd stage of gravity.

Based on the results of assay analyzes of the control gravity products, the average gold content in the
concentrate is 14.32 g/t, in the middling product 2.78 g/t, in the re-separation tailings of 2.57 g/t and in the

gravity tailings of 3.06 g/t.

Table 9 shows the results of the gravity control on the concentration table.

Table 9—Results of the gravity control on the concentration table

Product Yield,% Goldcontent, g/t Goldrecovery, %
Concentrate 2.03 14.32 9.41
Middlingproduct 9.34 2.78 8.41
Re-separation tailings 34.97 2.57 29.05
Roughconcentrate 46.34 3.13 46.87
Tailings 53.66 3.06 53.13
Feed: FalconTailings 100.00 3.09 100.00

It follows from the data in Table 9 that, despite the increased yield of rough gravity concentrate, which
amounted to 46.34%, it was not possible to obtain gold-depleted gravity tailings. Gold recovery into

concentrate was 9.41% in operation.

Table 10 summarizes the results of the gravity separation of ore using the concentration table at the control

stage of gravity (gold balance).

Table 10 — Generalized results of gravity separation of ore using the concentration table at the control

stage of gravity

Yield, % Goldcontent, | Goldrecovery,
Product . . 0
inoperation | fromore g/t %o

Concentrate(1st stage) 1.300 1.300 730.45 58.59
Middlingproduct(1st stage) 0.605 0.605 105.90 3.95
Concentrate(2nd stage) 0.591 0.580 306.16 10.96
Middlingproduct(2nd stage) 0.643 0.631 67.84 2.64
Concentrate(3rd stage) 0.300 0.291 302.33 5.43
Concentrate(Control on the concentration 203 1.961 1432 173
table)

Tailings (Gold-depleted gravity products) 97.97 94.632 2.86 16.70
Ore — 100.000 16.21 100.00

The total yield of gravity concentrates and enriched products was 5.368%, the calculated gold content
in them was 251.53 g/t. The recovery of gold into concentrates and beneficiated products is 83.30%. The
estimated gold content in the ore is 16.21 g/t, which is 1.28 times higher than determined by direct assay
analyzes of the ore. This discrepancy is due to the presence of relatively large gold grains in the ore and the
uneven distribution of gold in the ore.

Gravity control on the Knelson centrifugal concentrator. The test was carried out using a laboratory
centrifugal concentrator Knelson KS-MD 3. As a result of the control gravity on the centrifugal concentrator
Knelson, a concentrate and tailings of the control gravity were obtained, which were sent for assay analysis.
The average gold grade in concentrate is 43.70 g/t and in gravity tailings 2.37 g/t.

The gold content in the concentrate obtained during the control gravity on the Knelson concentrator is 3.1
times higher than in the concentrate obtained in the same operation on the concentration table. The control
gravity tailings at the Knelson concentrator contain 2.37 g/t gold, which is 1.3 times lower than the gold
content in the control gravity tailings at the concentration table. This indicates that centrifugal concentrators
are preferable for the extraction of fine gold rather than concentration tables.

Table 11 shows the results of the control gravity on a Knelson centrifugal concentrator.
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Table 11 — Results of the control gravity on the Knelson centrifugal concentrator

Product Yield, % Goldcontent, g/t Goldrecovery, %
Concentrate 1.74 43.70 24.60
Tailings 98.26 2.37 75.40
Feed: FalconTailings 100.00 3.09 100.00

It follows from the data in Table 11 that in the control gravity, 24.60% of the amount of gold in the tailings
of the 3rd stage of gravity (Falcon tailings) is additionally extracted into the concentrate, which is 2.6 times
higher than that is extracted into the concentrate on the concentration table.

Table 12 summarizes the results of the gravity separation of ore using the Knelson centrifugal concentrator
at the control stage of gravity (gold balance).

Table 12 — Generalized results of gravity concentration of ore using the Knelson centrifugal concentrator
at the control stage of gravity

Product - Y.leld’ % Goldcontent, g/t | Goldrecovery, %
inoperation | fromore
Concentrate(1st stage) 1.300 1.300 730.45 58.59
Middlingproduct(1st stage) 0.605 0.605 105.90 3.95
Concentrate(2nd stage) 0.591 0.580 306.16 10.96
Middlingproduct(2nd stage) 0.643 0.631 87.84 2.64
Concentrate(3rd stage) 0.300 0.291 302.33 5.43
Concentrate (Control on the Knelson) 1.74 1.681 43.70 4.54
Tailings (Gold-depleted gravity products) 98.26 94912 2.37 13.89
Ore — 100.000 16.21 100.00

The total yield of gravity concentrates and enriched products was 5.088%, the calculated gold content
in them was 274.27 g/t. The recovery of gold into concentrates and beneficiated products is 86.11%. The
estimated gold grade in the ore is 16.21 g/t.

Conclusions. It is established that the main industrially valuable component in the ore is gold. Basically,
gold is in the form of free grains, and has different shapes and sizes of gold grains. Approximately 80% of
gold grains are observed in the form of thin and small inclusions in pyrite from thousandths to hundredths.
There are larger grains of gold (0.25-0.325 mm), which are presented in the form of intergrowths with iron
hydroxides. The main ore minerals of the sample are pyrite (3.5%) and iron hydroxides (2.0%). The main of
the ore minerals are not widespread and make up about 2% in total. Of the rock-forming minerals, quartz,
muscovite and amphibole predominate, accounting for about 80-81%, chlorite, potassium feldspar, albite and
carbonate are of subordinate importance.

The recovery of gold in the course of gravity separation of regrind ore with a size of 80% of -0.071 mm in
one stage on the Knelson centrifugal concentrator was 73.06%, with a concentrate yield of 3.23% of the ore
mass. The gold content in the concentrate is 379.2 g/t.

The calculated gold grade in the ore according to the balance was 16.21 g/t, which is 1.28 times higher
than determined by direct assay analyzes of the ore. This discrepancy is due to the presence of relatively
large gold grains in the ore and the uneven distribution of gold in the ore and, accordingly, in the products of
gravity.

It was found that the use of complex gravity separation of ore, in several stages at different ore sizes and
using various devices, increased the gold recovery into gravity concentrates by more than 10% - up to 83.30-
86.11%. The average gold content in the combined concentrates was 251.53-274.27 g/t with a yield of 5.088-
5.368%. The gold content in gravity tailings decreased from 4.67 g/t to 2.37 g/t.
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AJTBIHKYPAM/IbI KEH/II TPABUTALIUSLIBIK BAHBITY/IbIH KELIIEHI
CXEMACBIH 3EPTTEY

AnHoTtamus. Ipi 60c anThIHABI aly YIIiH MHHEpajAbl IIUKIi3aTThl OHJEYIIH €H KON TapaliFaH ofici
OOJIBINT TaOBUIATBIH TPABUTALMSIIBIK OAlbITY KONJAaHbLIAAbL. 3epTTey OOBEKTiCI — AJNMaThl OONBICBIHAAFBI
KazakcTaHHBIH KeH OpBIHAAPBIHBIH OipiHiH KypambIHIa alThiHBl 0ap KeHi. ChIHaMalbIK-IPaBUMETPHUSIIBIK
Tajay HOTHXKeJepi OOWBbIHIIA KEHJET1 alnThIHHBIH opTama Kypambl 11,84 r/t, kymic — 6,10 r/T Kypaiasl,
cynbGuUATI KYKIPTTIH Kypambl OoiibiHIa (1,18%) keH cblHaMachl KeHHIH a3 CyIb(QUATI THIIHE, KYKIPTTiH
TOTBIFYy Jopexeci OoiibiHma (1,67%) — KeHHIH OacTankbl THUIIHE JXaTKbI3buiFaH. KeHi ChlHAMAaIBIK,
XMMUSUTIBIK JKOHE MHHEPAJOTHMSUIBIK TaljaynapislH HoTwkenepi KeHperi Heri3ri eHepKICINTIK-KYHIIbI
KOMIIOHEHT aJITBIH OOJIBIN TaOBLIaThIHBI aHBIKTAAbI. HerizineHn anteiH 60c TyHipuiikrep TypiHae Ooiass
JKOHE aNTBIHHBIH MilliHI MeH Meumepi aptypii. Kenai rpaBuUTanusuiblk 0allbITy OOHMBIHILIA 3epTXaHAIBIK
3eprreyaep xkypriziani. Ken ipimirinig ocepi xoHe opTypui ammapartapisl — Knelson KOHLEHTpauusiibIK
ycTeni MeH KOHIIEHTPATOpPBIH KONAAaHy 3epTTeii. bailbiTy OOMBIHIIA HEFYPJIbIM KOFapbhl KOPCETKIIITEp
Knelson koHiieHTpaTopbiHaa ycaktanral ke 80% kiacTsl ipiiikieH OaiibiTy ke3inge - 0,071 MM aibIH/IbI:
0ip carbiga ANTBIHABI TPABUTAIMSIIBIK KOHIEHTpATKa amy 73,06% - Abl; KOHIIEHTPATTaFbl ITBIHHBIH Kypambl
379,2 r/T; KOHUEHTPATTHIH IBIFYbl KEH MaccachiHbIH 3,23%-bIH KypaJibl. Kenii ctajguainbii rpaBUTalUsIIbIK
OalipITy OOMBIHINA CHIHAKTAP OTKI3UI/1, OHBIH ilIiHJE 1-caThlIarbl TpaBUTALMSIIBIK OalbITy ipiniri -1,0 MM
yCaKTaliFaH KeH/Ii IOFBIPIaH/IBIPy YCTEIiHAe, CKIHIII caThla IPaBUTALMSUIBIK OaibITy ipimiri - 60% -0,071
MM OIpiHIIi caThlIaFbl KAJJIBIKTAP KJIACTHIH ipUIiriHe JeHiH YCaKTa FaH KOHIICHTPAIUSIIBIK YCTEIIE, YILiHIII
carbljia TpaBUTAIMSUIBIK OalibiTy Falcon opTafan Tenkiin KOHIIEHTPATOPBIHA SKIHIII CaThIIaFbl KaJIbIKTap,
90% - 0,071 mm iputiriHe JeiiH ycaKTaliFaH )KOHE TOPTIHIII CaThlla IPaBUTAIUSUIBIK OaiibITy — OaKbuIay
rpaBUTaLUs apHAJIFaH KOHUEHTPALMSUIBIK YCTelAe KoHEe TenKim koHueHtparope Knelson kanablKTapabiH
Falcon. Kenai rpaButanusiiblK 0alibITyIbIH KEIISHI1 CTaHAalIbIK CXeMAChIH KOJIaHy AJITBIH b KOHLICHTPATKa
XKoHe OalbIThUIFaH eHIMIepre anyabl 83,30-86,11%-ra feiiin apTThIpyFa MyMKIHJIIK Oep/i, oap/ia aaTbIHHBIH
opraia Meepi 251,53-274,27 r/r.0onran ke3zne 5,088-5,368%-Fa neiiin jkeTe/i, rpaBUTAIUSIIBIK OalibITy
KaJIIBIKTapbIHBIH KypaMbinaa 2,86-2,37 /T anteiH Oap.

Tyiiinai ce3nep: rpaBUTALUSIIBIK OAUBITY, ATHIHKYPAM/Ibl KeH, KOHLIEHTPALMSUIIBIK YCTEI, HEHTPUPYTATBIK
KOHIEHTPATOP, AJITHIH.
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UCCJIEJOBAHUE KOMILIEKCHOM CXEMbI TPABUTAIIMOHHOI'O
OBOTAIIIEHUSA 30JI0TOCOJEPKAIIEN PYIbI

AnnoTauus. s n3BiedeHus: KPyImHOro CBOOOIHOTO 30J10Ta IPUMEHSIIOT IPaBUTAIIMOHHOE 00OTalleHHE,
SBJISITOIeeCs] HanOoJee paclpoOCTPaHEHHBIM METOAOM NepepaboTKH MHHEPaJbHOTO ChIpbsi. OOBEKTOM
WCCIIEZIOBAHUH SBISIETCS 30JI0TOCOEp KAILas py/ia OJHOro U3 MectopoxaeHuil Kazaxcrana B AnMaTHHCKOM
obnactu. [lo pesynbratam MpoOMPHO-TPaBUMETPHUYECKOTO aHAU3a CpelHee COACpIKaHHE 30JI0Ta B pyle
cocrapisier 11,84 r/1, cepedbpa — 6,10 r/t. I[lo comepkanuto cynbdumHoii cepbr (1,18%) mpobda pymst
OTHECEHa K MaJIoCynb(QUAHOMY THITY Py, IO CTETIEHU OKKcIeHus cepbl (1,67%) — K IepBUYHOMY THITY PY/IBL.
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Pesynsratamu mpoOMPHBIX, XUMHUYECKAX U MUHEPAIOTHYECKUX aHATTU30B PYyIbl yCTAHOBIIEHO, YTO OCHOBHBIM
MPOMBIIUICHHO-IIEHHBIM KOMIIOHEHTOM B YA€ SIBIISIETCS 30JI0TO. B OCHOBHOM 30JI0TO HAaXOOUTCS B BUAE
CBOOOZIHBIX 36pEH U UMEET paszHyio opMy U pazmepsl 30J0THH. [IpoBeneHsl 1abopaTopHble HCCIIETOBAHUS
M0 TPABUTAIIMOHHOMY OOOTaIleHNIO pyabl. V3yueHo BiIMsHUE KPYIMHOCTH PYIbl H IPUMEHEHHE Pa3InYHbIX
anmnapaToB — KOHLEHTPAIIMOHHBIM CcTON M KoHueHTpatop Knelson. Hambonee BbIcOKME mokazarenu o
00O0TraleHuIO TONTyYeHbI Ha KoHLeHTpaTope Knelson npu oGorameHnu n3MensaeHHON pyibl KpYyTHOCTBIO 80%
kiacca -0,071 MM: 3a OJJHY CTaJUIO U3BJICUCHUE 30JI0TA B TPABUTALIMOHHBIN KOHIICHTPAT cocTaBmiio 73,06%;
coziep’KaHHe 3010Ta B KoHIeHTpare 379,2 r/1; Beixox KoHueHTpara 3,23% ot maccsl pyabl. [IpoBeieHb! TeCTh
MO CTaJNalbHOMY T'PaBUTAIIMOHHOMY OOOTAIlICHUIO PYIIbI, BKIIIOYAIONIEMY TPaBHTAIIOHHOE oboraieHue
Ha | cragnM Ha KOHILEHTPALIMOHHOM CTOJIE JPOOJIEHOW PyAsl KPYMHOCTHIO -1,0 MM, Ha BTOpOH cTamguu
IpaBUTAIMOHHOE OOOTAaIlleHNe Ha KOHIIEHTPAIMOHHOM CTOJI€ M3MEJBYEHHBIX 10 KpymHocTH 60% Kiacca
-0,071 MM XBOCTOB TIEPBOM CTaIWW TPABUTAIIMH, Ha TPEThEH CTaJAWM TPABUTAIMOHHOE OOOTAaIleHUE Ha
IeHTPOoOeKHOM KoHIIeHTparope Falcon XBocToB BTOpo# cTannu, M3MENBIeHHBIX 10 KpymHocTH 90% Kkiacca
-0,071 MM 11 Ha YETBEPTOH CTATNH — KOHTPOJIbHAS TPABUTAITHS Ha KOHIIEHTPAITMOHHOM CTOJIE U IICHTPOOCSIKHOM
koHIeHTparope Knelson xsoctos Falcon. [lpruMeHeHIe KOMITIIEKCHO CTaIHaIbHOM CXeMbI TPaBUTAIIMOHHOTO
o0oraIieHus: py/ibl MO3BOJIMIIO MTOBBICUTH W3BIIEUEHHUE 30JI0Ta B KOHIIGHTPAT W 00OTaIlleHHBIe MPOIYKTHI 10
83,30-86,11% mpu ux BeIxoge 5,088-5,368% co cpemHuM conepxanueM 3050Ta B HUX 251,53-274,27 1/T.
XBOCTBI IPaBUTALIMOHHOIO oborameHus coaepxar 2,86-2,37 v/t 3010Ta.

Ki1roueBble ci10Ba: rpaBUTAlIMOHHOE 00OTaIIEHUE,30JI0TOCOEpKAIIast pyia, KOHIEHTPAIIMOHHBIH CTOI,
LEHTPOOEKHBII KOHLIEHTPATOP, 30JI0TO.
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