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ABSTRACT

Research results on the study of the material composition of low-sulfide gold-bearing ore from the
East Kazakhstan deposit are presented. The main non-metallic minerals of the original sample and
beneficiation products include quartz, chlorite (clinochlore), carbonates (calcite and dolomite).
Pyrite is present predominantly in the form of cubic crystals, sometimes in the form of clusters.
The grain size is from 0.03 to 0.40.5 mm, the size of the clusters reaches several mm. Iron oxides
(goethite, hydrogoethite) were formed on pyrite, possibly magnetite and ilmenite. The assay test
found that the test sample contains 6.04 g/t Au and 7.9 g/t Ag. The content of sulfide minerals is
11.81%. A significant part of gold (85.51%) is in a finely disseminated state in sulfides, as well as in
rock-forming minerals 1.22%. The paper presents the results of laboratory studies of the gold- ore
beneficiation ability using gravity concentration processes. Gravity enrichment tests were
performed on laboratory equipment: Knelson KS-MD 3 centrifugal concentrator, SKO-05
concentration table, and a two-chamber diaphragm jig (OML TsNIGRI type (jig of Central
Geological Research Institute for Nonferrous and Precious Metals)). The obtained results of ore
beneficiation on the concentration table show the possibility of obtaining a gravity concentrate
with a gold grade of 48.9 g/t with a gold recovery of 40.08%. When separating the gravity
concentrate on a jig, the gold extraction was 31.6% at a content of 51.4 g/t. It was found that that
according to a single-stage beneficiation scheme in a centrifugal concentrator, a gold-bearing
concentrate with a gold content of 58.3 g/t was obtained with a recovery of 80.6%. The
dependence of the gold extraction and its content in the gravity concentrate on the output at the
Knelson centrifugal concentrator is shown. The results of ore flotation beneficiation show the
possibility of obtaining waste grade flotation tailings with a gold grade of 0.8 g/t. The extraction of
gold into the combined concentrate, with a gold content of 49.7 g/t, is 88.88%.
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Introduction

minerals. Gold-pyrite and gold-arsenic ores and their
concentrates take pride of place among sulfide gold-
bearing raw materials. The reserves of such ores are

At present, gold-bearing ores classified as  continuously replenished with new promising

“refractory” are involved

in

processing. The  objects. One of these objects is the additionally

“refractoriness” of ores is explained by the fine  explored sulfide gold-bearing ores of the East
dissemination of gold in sulfides and rock - forming Kazakhstan deposit.
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In order to avoid losses of coarse gold (more
than 200 um) during the processing of gold-bearing
ore, the scheme includes gravity concentrate
production processing using such equipment as
classifying screens, jigs, concentration tables,
centrifugal concentrators before flotation [[1], [2],
[3]]. The existing process flow schemes for the
processing of gold-bearing ores include the
production of gravity concentrates and tailings.
Centrifugal concentrators (Knelson, ltomak) are
used to extract fine and thin gold.

Data shows [[4], [5], [6]] that due to poor,
refractory and technogenic raw materials, it is
possible to increase the mineral resource base of
gold, which can be achieved as a result of increasing
the efficiency of processing technology and the
completeness of extraction of a valuable
component. A significant part of noble metals in
sulfide ores is concentrated in a finely dispersed
phase. Free and sulfide-bound gold is efficiently
recovered by gravity methods.

The combination of jigging and centrifugal
gravitational enrichment technologies allows for
separating minerals with a small difference in
density. The authors proposed an ore processing
scheme using a Knelson concentrator at a lower pulp
feed rate and lower pressure to ensure higher
accuracy (instead of 1000 g/min at 25 kPa, the feed
was 400 g/min at 12 kPa). The total extraction of
gravitational gold was 61.85 % with content in the
concentrate of 1037.04 g/t [[7], [8], [9]]. In the
course of investigations, it was also decided to work
out a variant of the experiment on gravitational
enrichment using alternative parameters taking into
account the results of the above mentioned
experiment.

The paper [10] presents the results of
benefecation of various types of raw materials:
sulfide ores of the Balakhchino deposit. The content
of sulfides in ores exceeds 10%, gold is mostly finely
disseminated in sulfides. It is known [[11], [12], [13],
[14]] that gold is extracted from weathered ores by
leaching, therefore, the use of gravity concentration
at the head of the process flow scheme will make it
possible to extract coarse gold and thereby reduce
its losses and increase the productivity of the
cyanidation process.

In order to achieve the best results in the
processing of refractory sulfide gold-bearing ores, it
is necessary to study their material composition and,
based on the results obtained, develop a technology
for obtaining gold-bearing concentrate, taking into
account modern technological solutions [[15], [16],
[17], [18]].

During gravitational enrichment, coarse, film-
coated gold gets into the concentrate; however, its
further extraction from the concentrate requires the
use of special methods [19]. Based on previously
published data [20], the authors selected the
optimal conditions for extracting gold from low-
sulfide gold-bearing ore by combining the processes
of gravity and flotation beneficiation.

One of the promising technologies for
processing gold-bearing raw materials is the choice
of an efficient leaching system using oxidizing
agents, which does not require large material costs
[[19], [21], [22]]. It is most difficult to extract
dispersed gold from sulfide minerals, especially with
a finely disseminated structure of ores. In order to
intensify the process of refractory ores oxidation
and increase the extraction of gold, the laboratory
staff proposed to perform combined oxidation. In
this case, it is possible to ensure high rates of gold
recovery during subsequent cyanidation using a
chlorine-containing oxidizing agent for the oxidation
of sulfide fragments. Previous studies have shown
the use of various chemical additives, oxidizers, and
an activator reagent [[2], [22]] including
biooxidation [23] to intensify the cyanidation
process by dissolving films of compounds that
passivate the metal surface.

Employees of the “Institute of Metallurgy and
Ore Beneficiation” JSC special hydrometallurgy
methods laboratory named after Beisembaev B.B.
performed work, which resulted in the selection of
technological equipment for extracting gold from
gold ore into gravity concentrate. Development of a
highly efficient technology for extracting gold from
finely dispersed gold-bearing raw materials using a
pressure generator for pulp microaeration on a
column flotation machine of the apparatus and an
algorithm for calculating its design parameters in
order to implement the technology for efficient
flotation of fine particles and emulsion impurities of
gold-bearing raw materials. One of the new and
effective methods created on the basis of the
physical action on the flotation process, which
makes it possible to achieve simultaneously high
recovery and selectivity in the separation of finely
dispersed components with increased specific
productivity of the apparatus. The structure and
principle of operation of this column flotation
machine are characterized by the possibility of
simultaneously obtaining finely dispersed bubbles
and using them at an increased speed of the
downward pulp flow, which provides a higher
specific productivity of the pulsating layer of the
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column compared to pneumatic flotation machines
currently used.

Dispersion elements in the column body, fixed
on the aeration fittings provide the formation of
microbubbles while air supplies under pressure. A
vortex pulp flow aeration fitting is mounted in the
bottom cone of the installation column with the
inclusion of a reagent tank for the injection of basic
and additional reagents [[24], [25], [26], [27], [28]].

The purpose of the work is to study the material
composition of the gold-bearing ore of the East
Kazakhstan deposit, and conduct research on the
gravity and flotation enrichment of low-sulfide ore
and the choice of technological equipment for
obtaining gravity and flotation concentrate, to study
the extraction of gold from ore, gravity and flotation
concentrate and beneficiation tailings using
pressure pulp microaeration generator.

Experimental part

The fundamental possibility of the investigated
initial size material beneficiation was studied on
Knelson KS-MD 3 centrifugal separators [[4], [7]], as
well as on the SKO-05 concentration table and a two-
chamber diaphragm laboratory OML type (TsNIGRI)
jig.

The extraction of gold into the combined
concentrate was 40.08% at 60% fineness of the
0.074 + 0 mm class on the concentration table.
When separating the gravity concentrate on a jigging
machine, the extraction of gold amounted to 31.6%.
While testing the ore sample on the Knelson
concentrator, standard production technological
parameters were initially worked out: centrifugal
acceleration of 60 G; flow rate of fluidizing water 3.5
I/min.; solid productivity 0.5-0.6 kg/min; excess
pressure of fluidizing water 15 kPa; the solids
content in the pulp fed to gravity separation is 25-
30%.

When enriching ore with an 85% size of -1.7 + 0
mm class on a 3-inch Knelson centrifugal
concentrator, the recovery was 66.0%. 90% size ore
of -0.071 mm class was beneficiated also using
Knelson centrifugal concentrate according to a one-
stage scheme. In addition to increasing the grinding
fineness of the supplied raw materials, the following
technological parameters were also worked out:
centrifugal acceleration 60 G; flow rate of fluidizing
water is 1.75 |/min., productivity of solid is 0.3
kg/min.; excess pressure of fluidizing water is 15 kPa;

the solids content in the pulp fed to gravity
separation is 25-30%.

The results obtained showed that after grinding
the ore in a ball mill to 90% fineness of the -0.071
mm class and with a centrifugal acceleration of 60 G
(Table 1), the extraction of gold into the gravity
concentrate increased to 80.6% with 8.3 product
yield.

Table 1. Results of laboratory experiments of gravitational
benefication of an ore sample at a 90% fineness of -0.071
mm class

Product Yield Content Extraction
name g % Au, g/ton Au, %
Concentrate 166 8.3 58.3 80.6
Tailings 1834 | 91.7 1.27 194
Total: 2000 | 100 6.03 100.0

The gold content averaged 58.3 g/ton in
concentrate and 1.27 g/ton in tailings. The
estimated content (according to the balance) of gold
in the ore is 6.03 g/toBeneficiationion at standard
parameters made it possible to achieve almost the
same recovery (80.1%) but at the expense of a
higher concentrate yield of 12.5%. The gold content
in the concentrate was only 40 g/t.

Thus, from the considered processes, the best
performance when grinding ore to a fineness of
90.0% of the class -0.071 + 0 mm was obtained on
the Knelson concentrator with the preservation of
such parameters as centrifugal acceleration 60 G,
fluidizing water pressure 15 kPa, but with a
simultaneous decrease in the pulp feed rate
(capacity for solids 0.3 kg/min, the flow rate of
fluidizing water 1.75 |/min).

The results of chemical and X-ray phase analysis
of the ore indicate the presence of a small amount
of pyrite in the ore.

An experiment on the original ore was set up to
develop a flotation concentrate for
hydrometallurgical research. Staged flotation (Table
2) was performed in a closed cycle: | main flotation
— at the 80—-85% grinding size of the -0.074+0 mm
class, Il main flotation — at 90-95% of the -0.044+0
mm class. Total flotation time is 40 min,
consumption of reagents amounts to 75 g/ton
copper sulphate, 290 g/ton butyl xanthate, T-92 -
130.

—— g4 ——
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Table 2 - Results of flotation beneficiation of ore from the
East Kazakhstan deposit

Product Yield, Gold Extraction,
% content, %
g/ton
Concentrate 8.33 57.5 75.17
1+2
Concentrate 3.07 28.5 13.71
3
United 114 49.7 88.88
concentrate
Flotation 88.6 0.8 11.12
tailings
TOTAL 100.0 6.37 100.0

The results of staged flotation ore enrichment
show the possibility of obtaining dump gold flotation
tailings with a gold grade of 0.8 g/ton. The extraction
of gold into the combined concentrate, with a gold
content of 49.7 g/ton, is 88.88%. The beneficiation
products were sent for hydrometallurgical research.

The experiment in the flotation column required
the process of at least 90 kg of initial ore, crushed to
minus 0.071 mm 80% - taking into account the
working volume of the column 360 | and the solids
content of 25% in the pulp. The ore raw materials
pulp obtained was loaded using slurry pumps in the
open upper part of the column.

As a result of the experiment at a pressure in the
pressure generator of 2.0 atm., the concentrate
yield was 7.0% with a gold content of 8.0 g/ton,
which gives 66.7% recovery. Increasing the pressure
to 4.0 atm. contributed to an increase in the
concentrate yield up to 8.6%, while the gold content
was 7.22 g/ton, and already 73.9% was extracted
into the concentrate. The mass vyield of the
concentrate reached 9.0% at a pressure of 6.0 atm.
in the pressure generator dispersion system and
with a gold content of 8.12 g/ton, the extraction
increased to 87.0%.

Subsequent options with pressure increase up
to 8.0 and 10.0 atm. led to the increase in the mass
yield of concentrates to 12.1-14.65%, while the gold
content decreased to 5.42 and 4.28 g/t, respectively.
This also led to a decrease in recovery to 78.1% at
8.0 atm. and 74.6% at 10.0 atm. The diagram in
Figure 9 shows the dependence of the recovery and
quality indicators of gold concentrates, on the
parameters of the pressure generator, and the
pressure in the disperser system. As a result of the
experiment at a pressure in the pressure generator

of 2.0 atm., the concentrate yield was 7.0% with a
gold content of 8.0 g/t, which gives a recovery of
66.7%. Increasing the pressure to 4.0 atm.
contributed to an increase in the concentrate yield
up to 8.6%, while the gold content was 7.22 g/t, and
already 73.9% was extracted into the concentrate.

Table 3 —Results of experiments on flotation beneficiation
in a column unit under different pressure conditions.

Pressure
tor Name of Au Au
genera Yield, % | Conten Extrac
parameters, products .
t, g/ton | tion, %
pressure, atm

Concent 7.0 80| 667

rate

2.0 .
Tailings 93.0 0.3 33.2
Total 100.0 0.84 | 100.0
Concent 86| 722| 739

rate

4.0 -
Tailings 91.4 0.24 26.1
Total 100.0 0.84 | 100.0
Concent 90| 812| 870

rate

6.0 .
Tailings 91.0 0.12 13.0
Total 100.0 0.84 | 100.0
Concent 121 542 781

rate

8.0 .
Tailings 87.9 0.21 22.0
Total 100.0 0.84 | 100.0
concent |\ 65| a28| 746

rate
10.0 Tailings | 8535 | 0.25| 254
Total 100.0 0.84 | 100.0

At a pressure of 6.0 atm. in the dispersion
system of the pressure generator, the mass yield of
the concentrate reached 9.0%, and with a gold
content of 8.12 g/t, the extraction increased to
87.0%. Subsequent options with an increase in
pressure to 8.0 and 10.0 atm., led to an increase in
the mass yield of concentrates to 12.1-14.65%, while
the gold content decreased to 5.42 and 4.28 g/t,
respectively. (Figure 1).

This also led to a decrease in extraction to 78.1%
at 8.0 atm. and 74.6% at 10.0 atm. The diagram in
Figure 1 shows the dependence of the extraction
and quality indicators of gold concentrates, on the
parameters of the pressure generator - the pressure
in the disperser system.
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Figure 1 - The dependence of the extraction and
quality of concentrates on the air pressure in the
dispersion system.

Results and discussion

A sample of sulfide ore from the East Kazakhstan
deposit was used as a feedstock during the research.
In preparation for the research, the entire sample
was crushed in stages to a particle size of -25+0 mm,
cut, mixed, and reduced in accordance with the
standard method of sampling (sampling) for
technological research and study of the material
composition.

Samples are mainly represented by quartz
(54.7%), calcite, and dolomite.

The chemical composition of the studied ore
sample is represented by the following components,
%: 4.27 Fe; 0.952 total; 0.010As; 0.072 Zn; 0.016 Cu;
6.4 g/t Au; 7.9 g/t Ag. The other components were
determined by X-ray fluorescence and X-ray phase
analysis: the ore is represented by oxides that are
part of the rock-forming components, the main of
which is silica (54.7%) and alumina (10.8). Calcite
(12%) and clinochlore (11.2%) are also present,
dolomite (6.3%), and albite (5.0%) are present in
small amounts.

The products of the gravitational beneficiation
of the ore — concentrate, and tailings — were
analyzed by atomic adsorption and assay methods.

Mineralogical analysis of an ore sample with an
initial fineness of 89% class 10 microns (-0.01 mm)
was performed to find the looks of gold. The
polished section (&2 = 25 mm, sub-sample weight =
10-15 grams) formed from this material was studied
with Axio Scope.A1l optical microscope.

As a result, 36 gold particles were found, of
which: 30 particles in free form - 83.33%, Au size
from 0.5 to 18.8 mkm, gold; 4 particles in intergrown
with waste rock - 11.11%, with parameters - Au from
0.7 to 7.4 mkm (Figure 1);

2 facts of the gold particles occurrence in waste
rock with thin phenocrysts of arsenopyrite particles

in it - 5.56%, the size range of gold particles is within:
Au from 0.5 to 6.8 mkm. The particle size is within:
Au (0.5-18.8mkm), i.e. ultrafine (0.1-1.0 mkm) finely
dispersed gold (1.0-10.0 mkm) and visible pulverized
gold (10.0-50.0 mkm), (“nuggets” according to
Petrovskaya's classification).

Au-1.1x1.T-mkm

%

oprre A7, 4%10.5-mkm

# Au-11.1x18.8-mkm

4

Figure 2 - Free gold particles in polystyrene

Au-4.6x11.8-mkm

i

-Au-10.1x12.1-mkm

Figure 3 below shows the occurrence of gold
particle “inclusions” in grains of waste rock with thin
arsenopyrite phenocrysts in it.

v AUOT0.5:80+5.7-mkm

Auv

v
—Auf®

Figure 3 - The fact of the occurrence of gold particles
in grains of waste rock with thin arsenopyrite
phenocrysts in it

The gold deportment, the nature of gold’s
relationship with ore and non-metallic components,
and assessment of its disclosure during grinding
were determined through a phase (rational) analysis
of a head ore sample, crushed to 95% fineness of the
-0.071 mm class (Table 3).

The phase analysis technique included a number
of operations. The 1st operation is the
determination of free gold and gold in open
aggregates — cyanidated gold. The 2nd operation is
treatment of the first cyanidation tailings with a
solution of hydrochloric acid in the presence of tin
chloride to dissolve iron oxide films on gold particles.
The 3rd operation is the determination of gold
covered with films. The 4th operation is welding of
the tails of the second cyanidation in aqua regia. The
content of finely dispersed gold in waste rock was
determined in the residue after parting. The amount
of gold associated with sulfides was determined
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from the difference in the contents in the tails of the
second cyanidation and the parting tails.

Table 3 - Results of phase analysis for gold of a crushed
head ore sample with a size of 95% of the class -0.071 mm

Gold distribution
Gold deportment
P g/ ton %

Free and in the form of 5.02 85.51
intergrown
Associated with acid 0.12 1.46
soluble minerals
(carbonates, hydroxides,
chlorites, etc.)
Associated with sulfides 0.97 11.81
Finely disseminated in rock- 0.10 1.22
forming minerals
Total in the sample 6.21 100.0
(according to balance)

It is shown that the content of free gold and gold
in open intergrown (cyanidated gold) is 85.51% in
total. Gold grains are dendritic, octahedral, and
needle-shaped. The sizes of gold grains range from
0.025 mm to 0.05 mm, dominated by 0.025-0.075
mm. The presence of finely disseminated gold in
sulfides is one of the main reasons why gold is
extracted from minerals with difficulties. 11.81% of
gold is associated with sulfides, 1.46% is associated
with acid-soluble compounds, and 1.22% is with
rock-forming minerals.

Based on the results of rational analysis, it can
be stated that rather high rates of gold dissolution
up to 90% of the extracted gold should be expected
during the cyanidation of ore.

The data of X-ray phase analysis of the sample
showed that the total content of pyrite is 1.8%. The
main rock-forming mineral is quartz, 54.7%. The
content of albite, a mineral of the plagioclase group,
is about 5%.

Conclusions

The study of the material composition found
that the calculated gold content in the test sample is
6.04 g/t, silver 7.9 g/t. Gold is found in the form of
very small grains in sulfides (pyrite, arsenopyrite), as
well as in a finely disseminated state in silicate
minerals. The ore is characterized by a

multicomponent mineral with a
predominance of pyrite.

The mineralogical and X-ray phase analysis of
the sample showed that the main ore part is
represented by pyrite, and quartz as rock-forming
minerals. The rational analysis found that gold is
distributed in the studied ore, crushed to a fineness
of 95.0% of the class 0.071 + 0 mm, as follows:
85.51% intergrown, 11.81% gold
associated with sulfides, 1.46%associated with acid-
soluble compounds, 1.22% in rock-forming minerals.

When enriched in a centrifugal concentrator, a
gold-bearing concentrate was obtained with a gold
content of 58.3 g/t with the extraction of 80.6%, and
the loss of gold with the tailings of the centrifugal
separator is 19.4% with a content of 1.27 g/t.

Centrifugal gravity separators, and in particular
the Knelson concentrator, have proven to be a very
effective circuit element in the technological chains
of modern enterprises processing precious metal
ores and sands. In this regard, the most preferable is
the use of gravity technologies for extracting gold
using gravity equipment that can provide a high
degree of concentration of valuable components,
the safety of the process, and a favorable state of
the environment.

The obtained results of ore beneficiation on the
concentration table show the possibility of obtaining
a gravity concentrate with a gold grade of 48.9 g/t
with a recovery of 40.08%. The tailings of the
concentration table with a gold content of 3.8 g/t
can be directed to additional extraction of gold by
the flotation method.

When separating the gravity concentrate on a
jig, the extraction of gold was 31.6%, with a content
of 51.4 g/t. Based on the results of gravity
beneficiation of ore in a centrifugal separator, it was
found that the optimal size of grinding is 90% of -
0.071 + 0 mm class.

Thus, based on the results obtained, it can be
concluded that the Knelson centrifugal concentrator
using of optimized operating mode is the best
equipment for obtaining gravity concentrates from
the ore of the East Kazakhstan deposit.

The head ore of the East Kazakhstan deposit is
enriched by flotation quite effectively. The
experiment on the head ore benefication with a
particle size of 80% 0.074 mm is resulted with a
flotation concentrate with a gold grade of 49.7 g/t

composition

free and in
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with a yield of 11.4% and a recovery of 88.88%. The
gold content in the flotation tailings was 0.8 g/t.
The results of the experiments showed that the
most optimal parameter of the pressure generator
in terms of pressure supplied to the dispersion
system is 6.0 atm. A further increase in pressure
promotes intensive transfer of waste rock into
concentrates, which significantly increases the mass
yield, but at the same time reduces the gold content
in them. The 6.0 atm. indicator allows for achieving
the optimal balance in terms of mass yield and
content of the noble metal in the concentrate.
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A3 cynbdmAaTi KeHAEepAEH KbiCbiMAbl MUKPOaspaLuA reHepaTopbliH KONAaHy
apKbiaibl 6albITy }KONbIMEH anTbiH any

Toktap ., Maromepgos [1.P., KoiixkaHoBa A.K., A6abingaes H.H., bakpaesa A.H.

«Memannypaus waHe KeH 6alieimy uHcmumymel» AK, Cambaes yHusepcumemi, Aamamel, Kazakcmat

TYWIHAEME

LUbifbic Ka3aKCcTaH KeH OpHbIHbIH, KypaMbliHA@ KYKIpTi a3 anTbliH 6ap KeHHiH, 3aTTbiK KypambiH

3epTTey boiblHLWA 3epTTey HaTUKeNepi KenTipinreH. bactankbl cbiHama MeH 6alibITy eHIMAEepPiHiH,

Herisri KeHCi3 MMHepanaapbl KBapL, XN0PUT (KAMHOXI0P), KapboHaTTap (KasbUUT KaHe A0S0MUT)

60sbin Tabblnagpl. MUPKUT HeriziHeH Tekwe Tapi3ai KpucTangap TypiHAe, Keige knactepnep

TypiHae 6onagpl. OaHaepain, menwepi 0,03-TeH 0,40,5 mm-re AeliH, KnactepnepaiH, menwepi

bipHewe MM-re KeTeai. Temip OKcMATEPi (reTUT, TMAPOreTUT) MUPMUT, MYMKIH MarHeTuUT KaHe

WUNbMEHUT apKblNbl Ty3iireH. CbiHamasblK TangaymeH 3epTTeneTiH cbiHamaga 6,04 r/T Au skaHe 7,9

r/T Ag 6ap ekeHgiri aHbikTanabl. Cynbduarti muHepangaphbiH, menwepi 11,81% kypaigpl.

Makana kengi: 08 maycoim 2022
CapantamagaH eTTi: 22 mameiz 2022

KabbingaHabl: 06 KazaH 2022
OTbIpbIM,

ANTbIHHbIH, egayip 6eniri (85,51%) cynbduarepae, coHaan-ak 1,22% Tay XbIHbICTapbIH KYPanTbiH
MWHEpaN[apaa KyKa KantanfaH Kyige. Xymbicta rpaButaumanbiK 6aibiTy npouectepid KongaHa
KypambiHAa antbiHbl 6ap KeHAi 6aibiTygbl 3epTxaHanblK 3epTTey Hatuxkenepi

YCbIHbINFaH. [paBuTaumanbik H6alibiTy 6oMbIHILIA CbiHAKTap 3epTxXaHanblK KababikTa: knelson KC-

M/, 3 opTanbIKTaH Tenkiw KoHueHTpaTopbiHAaa, CKO-05 KOHLEHTPaUMANbIK YCTeNiHOEe KaHe eKi

Kamepasbl auadparmanbik wery malwmnHacbiHaa (SHUTPU AMJT Tuni) eTkizinai. KoHUeHTpaumanbIK

ycTenae KeHai 6anbITyabiH anbiHFaH HaTuxenepi 40,08 % anTbiH any KesiHae KypambiHaa 48,9 r/T

anTbiH 6ap rpaBUTALMANLIK KOHLEHTpaT any MyMKiHAIriH KepceTteai. Llery malmHacbiHAa

rpaBUTaLMANDIK KOHUEHTpaT BeniHreHae, KypambiHaa 51,4 r/T 6onfaH Kesge antbiH any 31,6%

Kypagpl. Bip caTbiibl 6alibiTy cxemacbl 60MbIHWA OpTafAaH Tenkiw KoHueHTpatopaa 80,6% any

KesiHge KypamblHAa 58,3 /T antbiH 6ap KOHLEHTPAT a/ibiHFaHbl aHbIKTaAAbl. ANTbIH ally MEH OHbIH,

rpaBUTaULUANDbIK KOHUEHTPATTafbl KYPamMbiHbIH, Knelson OpTanblKTaH TenkKiw KOHUEHTPATOpPbIHbIH

LWbIFYbIHAH Tayenainiri kepcetinreH. KeHai paotaumanbik 6aitbiTy HaTUXenepi KkypambiHaa 0,8 /T

anTbiH 6ap ¢aoTauMAHbIH, anTbiH 6OMbIHWA YWIHAI KAnAbIKTapblH any MYMKIHAIr Typansl

KepceTesj, KypambiHaa 49,7 r/T antbiH 6onfaH Ke3ae ANTbiHAbI BiPIKTIPIIreH KOHLEHTPaTKa any

88,88% - Abl Kypaiapl.

TyiiiHOi ce30ep: KypambiHAA anTbiHbl 6ap a3 cynbdUATI KEH, MUHEpanabl Kypambl, ¢asanbik

KYPambl, rpaBUTaumAbIK 6aibITy, anTbiH any, KOHLEHTPAT, KafablKTap, TOTbIKTbIPFbILL
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U3BneueHune 30/10Ta U3 ManocynbGuAaHbIX 3010TOCOAEPKALLMUX PYA METOAO0M

oborawieHna ¢ UCNoNb30BaHMEM HAMOPHOro reHepPaTopPa MMKpPOoaspPaLUm Nyabnbl

Tokrap ., Maromegos [.P., KoixkaHoBa A.K., A6abinagaes H.H., bakpaesa A.H.

AO «MHcmumym memannypauu u obozaweHusA», Satbayev University, Aamamei, KazaxcmaH

Moctynuna: 08 utoHAa 2022
PeueH3nposaHue: 22 agzycma 2022
MpwuHATa B neyaTb: 06 okmAbpsa 2022

AHHOTALMUA

MpvBeaeHbl pesynbTaTbl UCCNEA0BAHMI NO U3YYEHUIO BELLECTBEHHOIO COCTaBa ManocynbduaHom
30/10TOCOAEPKALLEN PYAbl MECTOPOXKAeHUA BocToyHoro KasaxctaHa. OCHOBHbIMU HepyAHbIMU
MUHepanamm UCXo4HOM NPobbl M NPOAYKTOB 060raLLleHUn ABAAIOTCA KBAPLL, XJI0PUT (KNMHOXNOP),
Kap6oHaTbl (KanbuuT U A0NOMUT). MIUPUT NPUCYTCTBYET NPEUMYLLECTBEHHO B BUAE KPWUCTaNN0B
Kybuueckoli Gopmbl, MHOrAa B BUAe cKonneHuin. Pasmep 3epeH ot 0,03 go 0,40,5 mm, pasmep
CKONNEHWUWA JOCTUraeT HECKONbKMX MM. OKCuabl enesa (retut, rugporetut) obpasosBanncb no
ANPUTY, BO3MOXKHO MArHeTUTy " WUAbMEHUTY. |-|p06VIprIM adHa/IM30M YCTaHOB/IEHO, 4YTO B
nccnepyemont npobe cogeputca 6,04 r/t Aun 7,9 r/T Ag. CopeprkaHue cybduaHbIX MUHEepanos
coctasnsetr 11,81 %. 3HauuTenbHaa 4acTb 30/10T7a (85,51 %) HaxoAUTCA B TOHKOBKPAMAEHHOM
cocTosHUM B cynbduMaax, a TakKe B nopogoobpasyowmx muHepanax 1,22 %. B paborte
npeacTaBNeHbl Pe3ynbTaTbl 1abOPATOPHbIX UCCAe0BaHUI 060raTUMOCTM 3010TOCOAEP KALLEN
pyZ4bl C UCNONb30BaHWMEM NPOLLECCOB FPaBUTALMOHHOrO oboraleHus. TecTbl No rpaBUTaLMOHHOMY
oboralieHno nposeaeHbl Ha NabopaTopHOM 060PYAOBAHMMN: LLEHTPOBEXHOM KOHLLEHTpaTope
Knelson KC-MJ, 3, KoHueHTpauuoHHom cTtone CKO-05 u asyxkamepHoW Aauadparmosoi
0OTCago4HOM MawuHbl (Tuna OMJ1T UHWUIPU). NMonyyeHHble pesynbTaTbl oboralieHusa pyapl Ha
KOHLEHTPALMOHHOM  CTONE  MOKa3blBAalOT  BO3MOMHOCTb  MOJYYEHWUA  FPaBMTALMOHHOIO
KOHLeHTpaTa ¢ coaep*aHuem 30s10T1a 48,9 r/T npu ussnedveHnm 3onota 40,08 %. MNpu sBblaeneHnn
rPaBMUTALMOHHOTO KOHLEHTPATA Ha OTCaA04HOW MallMHE M3BJeYeHUe 30/10Ta cocTasmno 31,6 %
npu copepxaHun 51,4 r/T. YCTaHOBAEHO, YTO MO OAHOCTaAManbHOW cxeme oboralieHvs Ha
LEeHTPOBOEKHOM KOHLLeHTpaTope MoJlydeH 30/10TOCOAEPIKALLMIA KOHLLEHTPAT C coaeprKaHuem
30n0Ta 58,3 r/T npu ussnevyeHun 80,6 %. MoKasaHa 3aBUCMMOCTb M3BJEYEHWUA 30/10Ta U €ro
COAEPKAHNA B rPAaBUTALLUOHHOM KOHLIEHTpaTE OT BbIXOAA Ha LEHTPOOEKHOM KOHLLeHTpaTope
Knelson. PesynbtaThl ¢noTaumMoHHOro oboraweHnsa pyabl MNOKasbiBalOT O BO3MOMKHOCTU
MoNly4YeHUs OTBa/IbHbIX MO 30/10Ty XBOCTOB GA0TaLMM C coaepKaHuem 3osota 0,8 r/T. U3sneyeHne
30/10Ta B 06'beAMHEHHbIN KOHLEHTPAT, Npy coaepaHum 3o10Ta 49,7 r/T coctasnser 88,88 %.

Knrodeabie cno8a: 30n10TOCOAEPKALLAA ManocynbGpuaHan pyaa, MUHepanbHblii coctas, Ga3oBbii
coCTaB, rpaBuUTaLMoOHHOE oboralleHue, U3BneveHme 3010Ta, KOHLEHTPAT, XBOCTbl, OKUCAUTESb.
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