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STUDY OF THE MATERIAL COMPOSITION OF GOLD-COPPER
ORES FROM KAZAKHSTANI DEPOSITS

Copper in such gold-copper ores is both a valuable component and a detrimental
impurity that complicates the processing of gold by cyanidation. As cyanidation is
the primary process in gold recovery technology, ores or concentrates that for one
reason or another are difficult to cyanide are classified as difficult to enrich. The
degree of resistance of gold ores to cyanidation is determined by a number of factors
that relate to the combination of gold particles with minerals and rocks, as well as
natural minerals and natural substances that retard gold dissolution and increase
cyanide uptake, and permanent sorbents in the ore. These resistances may include
physical and chemical suppression as well as sorption activity of minerals present in
the ore. Thus, the stage of determining the material composition and characterization
of gold-copper ores is important, as the further strategy for selecting a cyanide
leaching technology depends on it. As a result of the conducted research it was found
out that in the composition of the ore gold content in the sample amounted to — 1.2
g/t. Silver content also amounted to — 1.2g/t. The total amount of copper amounted to
0.15%. The iron content amounted to 5.10 %. The total amount of sulfur was 0.34%.

Keywords: gold-copper ore, primary ore minerals, pyrite, rational analysis,
cyanidation.

Introduction

Cyanide leaching is the most common method of processing gold-bearing ores.
Currently, most deposits contain copper and other elements in addition to gold [1].
Copper is highly detrimental to the cyanidation process. The following reactions occur
when copper compounds are exposed to cyanide solutions:

2CuSO4+4NaCN = Cuy(CN),+2Na,SO4+(CN);, , (1)
Cuy(CN),+4NaCN = Cuy(CN),*4NaCN, (2)
CuSO4+NasFe(CN)s = Na,CuFe(CN)6+Na,SOy, 3)
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2Cu(OH),+8NaCN = 4NaCN*Cu,(CN),+4NaOH+(CN),. )

Among the copper complex compounds formed, 4NaCN*Cu,(CN), is the most
common [2]. There are a number of methods for the separation of gold and copper in
the processing of gold-bearing and gold-copper ores [3;4]. These methods involve both
selective separation of metals (gold and copper) already at the leaching stage by using
different solvents, and their separation after collective cyanide leaching by precipitation
of copper with different reagents and by changing the pH [5;6;7]. In conditions of sodium
cyanide deficiency it is also important to pay attention to the fact that already dissolved
gold can interact with copper-bearing minerals by the following reactions and then be
lost with leach tailings [8;9;10].

Based on all of the above, one of the most important stages of processing gold-copper
ores is to determine the presence and amount of copper. This determines the development
of the technological process of processing with the choice of a method to neutralize
the effect of copper on cyanide leaching of gold-copper ores. This article presents a
study of the material composition and gold-copper ores of deposits in Kazakhstan, with
recommendations for subsequent hydrometallurgical processing.

Materials and methods

All experiments were carried out in NAO «East Kazakhstan Technical University
named after D. Serikbayev» () and «Eastern Mining and Metallurgical Research
Institute of Nonferrous Metals ‘VNIItsvetmet’ () located in the Republic of Kazakhstan
in Ust-Kazakhstan. D. Serikbayev» (https://www.ektu.kz/) and ‘Eastern Mining and
Metallurgical Research Institute of Nonferrous Metals «VNIItsvetmet» (http://vem.
ukg.kz), located in the Republic of Kazakhstan, in the city of Ust-Kamenogorsk. The
object of the study - gold-copper ores of the deposit of Kazakhstan (250 kg). Mass-
spectrometer I[CP-MS 7500cx of «Agilent technologies» (USA) was used to study
the chemical composition of raw materials. To study the material composition of the
material under study, X-ray diffractometer BRUKERD8 ADVANCE was also used
to analyze the X-ray diffractometer, which is a common method for determining the
qualitative composition of the material. Thermogravimetric analysis was carried out
on a METTLERTOLEDO synchronous thermal analysis instrument. The experiments
were carried out at maximum temperature heating up to 1050 °C at a rate of 15 deg/
min in the air flow. During the heating process, the thermal effects on the DSC curve
and changes in the sample mass on the TGA curve were recorded in parallel. In order
to achieve the objectives of the study, the chemical and phase chemical compositions
of the incoming sample were determined. Further to study the material composition
of the investigated material, XRD was also carried out. TGA and DSC and rational
analysis. In addition, a rational analysis was carried out to determine the forms of gold
content in gold-copper ore. Suspension -1 kg of initial coarseness of 90 % grade minus
0.074 mm by standard methodology. The following forms of gold were determined: in
aggregates (cyanidizable), extracted by cyanidation after treatment in hydrochloric and
nitric acids, as well as thinly disseminated in rock-forming minerals.
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Results and discussion
The initial particle size distribution of the incoming sample is presented in Table 1.

Table 1 — Initial granulometric composition of the studied gold-copper ore sample

Size class, mm Yield, %
+100 2.9
-100+50 42.1
-50+30 25.4
-30+20 12.7
-20+10 6.3
-10+5 2.7

-5+2 6.4

-2 1.5
Total 100.0

The content of the main components in the sample of gold-bearing ore is shown
in Table 2. As can be seen from the given chemical composition the content of gold in
the sample amounted to — 1.2 g/t. The content of silver also amounted to — 1.2¢g/t. The
total amount of copper amounted to 0.15 %. Iron content amounted to 5.10 %. The total
amount of sulfur was 0.34 %.

Table 2 — Results of chemical analysis of the investigated gold-copper ore sample

Chemical
Chemical element Quantity, % Quantity, %

element
Au, g/t 1.2 Zn <0.02
Ag, g/t 1.2 Pb <0.02
Cu 0.15 Mn 0.093
Fe 5.10 K 0.78
C,. 1.16 Na 2.68
Ca 1.08 Sn 0.0006
S, 0.34 Cr 0.012
S 0.1 Cd <0.04
As 0.029 Cl 0.03
Sb <0.003 Ni 0.0061
SiO 58.82 Co 0.0030
Al 5.84 TiO, 0.92
Ca 3.35 Mg 2.00

The phase chemical composition of gold-copper ore was studied. As can be seen
from the Cu in the ore is in the form of primary and secondary sulphides in the amount of
60 and 33% respectively (table 3). Oxygen-containing compounds copper is represented
by 6.7%.
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Table 3 — Copper content (XRF) in the tested ore

Forms of copper Content, % .
absolute relatively
Sulfates <0.01 0
Oxygen-containing compounds 0.01 6.7
Secondary sulfides 0.05 333
Primary sulfides 0.09 60.0
Total: 0.15 100.0

The main ore mineral in the sample is magnetite. Secondary ore minerals are pyrite,
chalcopyrite, single grains of bornite, chalcosine, covellite.

Magnetite is represented by irregularly shaped grains. In the sample it makes
53.3 % (from 100% of all ore minerals), free grains make 38.0 %, 15.3 % are aggregates
with other minerals (with non-metallic substance — 14.5 %, with pyrite — 0.8 %). Grain
size 1s from 2 microns to 44 microns, with 10—44 microns prevailing. It forms aggregates
with pyrite and non-metallic matter.

Chalcopyrite is represented by amoeba-shaped, irregularly shaped grains. In the
sample it makes 10.2 % (from 100 % of all ore minerals), free grains make 7.7 %,
2.5 % —aggregates with other minerals (with bornite — 0.2 %, with pyrite — 0.1 %, with
chalcopyrite — 0.1 %, with non-metallic matter — 2.1 %). Grain size from 1 micron to
44 microns, prevailing 10-44 microns. Forms aggregates with pyrite,
bornite and chalcosine.

Pyrite is represented by irregularly shaped grains. In the sample it makes up
27.9 % (from 100 % of all ore minerals), free grains make up 27.5 %, 0.4 — aggregates
with other minerals (with chalcopyrite - 0.1%, with magnetite - 0.3%). Grain size is
from 3 em to 50 em, with 10-44 em prevailing. It forms aggregates with chalcopyrite
and magnetite.

Bornite is represented by single grains of irregular shape. In the sample it makes
up 4.8 % (from 100 % of all ore minerals), free grains make up 4.6 %, aggregates with
other minerals — 0.2 %. It forms aggregates with chalcopyrite.

Chalcosine is represented by single grains, in the sample it constitutes 1.5 %
(of 100 % of all ore minerals). It occurs in intergrowths with chalcopyrite, sometimes
covelline develops on it.

Microscopic images of the surface of anschlifts of ore from the Yubileynoye deposit
are shown in Figures 1a and 1b.
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Counts

(a)

(b)

Figure 1 — Anschliff (Eq. 20x10). Free grains of pyrite and magnetite, in the
center of the photo is an intergrowth of chalcopyrite with non-metallic material
(a), free grains of pyrite, magnetite in the form of free grains and in the form of

intergrowths in the grain of non-metallic material (b).

The results of studying the material composition of the studied material by means
of X-ray diffraction analysis are presented in Figure 2. The following non-metallic
minerals were identified in the sample: quartz, albite, magnetite, clinochlore, orthoclase
and calcite.

i
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Figure 2 — XRF analysis of the sample composition
of the investigated gold-copper ore sample

Figure 3 shows the results of the thermogravimetric study. The following thermal
effects can be observed on the given results of the study. In the temperature range
239-259 °C there is a small endothermic effect - removal of molecular water
(weight loss—0,61%). In the temperature range 438—498 °C there is an exothermic
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effect, probably, there is an oxidation process (weight gain — 0.12 %). There is a small
endothermic effect from 564 to 586°C, characteristic for the removal of constitutional
water from rock-forming minerals (weight loss 0.75%). In the temperature range of
775-810°C there is a double exothermic peak - formation of new phases.

Aexo &l0-0 03.03.2017 14:35:35
&0-0
mg{‘ Macca obpasua
Cryrens  -0,6160 % t0-0, 24,2000 mg
] -0,1491 mg
| Cryrerb  0,1246 %
24,0 30,1571e-03 mg Cryress  -0,7540 %
-0,1825 mg
23,8+
23,6
e L e e e e e e LA e e o e e e e o e B L e E e e e e o e N
100 200 300 400 500 600 700 800 900 1000 °C
mw
WHterpan 52,73 m] &0-0
5 Havaro acdexta 564,87 °C Tennosoi noTok
Muk 574,26 °C 10-0, 24,2000 mg
™ OkoH4aHve ap ekTa 586,29 °C
WHTerpan -8,33mJ WHTerpan 682,04 m]”
0 Havarno addexra 239,79°C Havano adexra 438,49 °C WhTerpan 496,55 mJ
Mk 246,81 °C Mk 467,62 °C Havarno addexra 775,04 °C
OKOHYaHVe achthexTa 259,48 °C OxoHuarue apdexta 497,62 °C Muk 784:97 °C
5 OkoHdaHve apekta 809,88 °C
-10
e L e e e e e e LA e e o e e e e o e B L e E e e e e o e N
100 200 300 400 500 600 700 800 900 1000 °C

dXU MIM: METTLER STAR® SW 11.00

Figure 3 — Thermal effects of ore sample heating

Thus rational analysis showed the presence of gold in free form equal to 93.4 %,
grade minus 0.071 mm is 47.50 % (relative), of which 45.00 % (relative) is represented
by gold pellets with a clean surface and 2.50 % (relative) - gold pellets covered with
oxide films (table 4). The gold content in aggregates is 40.84 % (relative). 8.33 %
(relative) of gold is associated with sulfide minerals and 3.33 % (relative) with waste
rock. The free silver content in the ore sample is 50.00 % (relative), in aggregates -
28.34 % (relative). 14.16 % (relative) silver is associated with sulphide minerals and
7.50 % (relative) with waste rock.
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Table 4 — Forms of gold in the raw material presented
item | Main forms Content
Au Ag ) )
g/t % g/t % The morpholo- The size of the gild-
gy of the goldenrod | 11g, Mm
1 2 3 4 5 6 7 8
1 Ore deposit
Free:
a) with clean 0.54 45 0.38 31. Octahedrons 0.025 t0 0.675
surface 67 and their clusters,
dendritic
0.025 to 0.225
b) oxide coated 0.03 2.50 0.22 18.33 | Dendritic
2 In a conglomerate:
a) | with clean 0.47 390 026 2167
surface
b) oxide coated 0.02 1.67 0.08 6.67
3 Assoc.:
a) with sulfide 0.10 8.33 0.17 14.16
minerals.
b) With rock 0.04 3.33 0.09 7.50
4 Initial grade, g/t 1.20 100 1.20 100.0
5 Grade content - 93.4
0.071 mm, %
Grade content -
0.045 mm, % 79.0
6

Figure 4 shows a photograph of the clean-surface golds of the two types. Figure
4 a shows free gold with a clean surface. The shape of the goldines is dendritic. Eq.
20x1.Figure 4b shows free gold with clean surface. The shape of the gold specimens

is dendritic, octahedron clusters. Eq. 20x10.
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100 mx: 100 mxm

(a) (b)

Figure 4 — Photographs of golds from a clean surface (Eq. 20x10). Free gold with
a clean surface. The shape of the goldotines is dendritic (a). Free gold with a clean
surface. Figure 4b shows the forms of ashlar also occurring in the ore (b)

Conclusions

Investigations revealed the presence of: magnetite (primary ore mineral), as well
as pyrite, chalcopyrite, bornite, chalcosine and covellite and non-metallic minerals:
quartz, albite, magnetite, clinochlore, orthoclase and calcite. Gold content in the sample
amounted to 1.2 g/t. The content of other major components is, in %: SiO, — 58.82;
As —0.029; S total — 0.34; Fe — 5.10; Mg — 2.00; Stotal. — 1.16; Ca — 3.35; Al — 5.84.
Since the ore contains copper in the amount of = 0.15%, which is up to 1.5 kg of copper
per ton of ore, to improve the economic efficiency of processing it is necessary to
include the regeneration of cyanide solution and copper recovery in the form of finished
commercial products. It is necessary to compare methods of copper precipitation with
and without the introduction of various sulfidizers into the spent solution in order to
select the optimal method.

Obtaining mathematical models to optimize and approximate the processes of
cyanide leaching of gold from gold-copper ore, and copper precipitation from spent
cyanide processing solutions will also be an integral part of this work.
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KA3AKCTAH/BIK KEH OPBIH/IAPBIHBIH
AJITBIH-MBIC KEHJIEPIHIH 3ATTBIK K¥YPAMBIH 3EPTTEY

Kaszipei yaxvimma Kypamvinoa mvic 6ap aimvlH KeHOEpiH Kauma exoey
moceneci ey o3ekmi mocenenepdiy OIpi Ooavin madvLIA0bl, OUMKEHI ANMbIH
KeHOepinoezi MbiC KYHObl KypAMOAC JHCoHe 3UiHObl KOCna OONbn mabwviiaosl, 0Oy
anmuvlH 6HOIPY Npoyecin Kuvinoamaowvl. Bipinwioen, Oyn yuanuomeyee Kamvlcmol-
anmulH  PYyOACbIHbIY WUKI3AMbIH MEeMALIypeUsivlk 6HOey npoyecinoezi Hezizel
onepayusnapowiy 0ipi. Lluanuomey anmuinobl KAINbIHA KEAMIPY MEeXHOI0UACHIHbLY
Heeizel npoyeci boneanObIKMaH, Kanoau oa Oip cebenmepmer Yyuanuomey apKblivl
onoey KublH OONAMbIH almblH KeHOepi Hemece KOHYEHMpammapsl omKa me3imoi
Ooavin Jcikmenedi. AimviH KeHOEPIHIY YUAHUO NPOYECIHe KAMmblCHIblL MYPAKMblIblebl
Oipnewle Kpumepuiliepmer CURAMMAIAobl, O1Ap AlMmulH Oenulekmepiniy Kenoezi
MUHEPANOAPMEH  JCOHE MAY  HCLIHBICMAPLIMEH —OAUIAHBICHIHbIY — CUNAMbBIMEH,
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025

KeHoezi Mumepanoap MeH 3ammapovly OONYbIMEH  AHLIKMALAObL. ANMbIHHBIY
epy  JuCoLIdamMOblabiH  OOCeHOememiln JHCOHe YUAHUOMI MYMbIHYObIH apMYbIHd,
Kenoeel mabuau copbenmmepoiy OoayviHa cebenuii O01adbl. AnmviH KeHOepiHiH
MYPAKMuLIbIK, Kpumepuiiepine @QU3UKAIbIK 0enpeccusl, XUMUSIbIK Oenpeccus,
COHOAU-aK, KeHOe2l MUHepandapobly copoyusnblk beacenoiniei scamaowvl. Ocvliatiua,
Mamepuanowvly KypamvlH JCOHe ANMbIH-MbIC KeHOePiH aHbIKMAY Ke3eHi dcayanmol
Kezeyoepoiy Oipi 60abin MabwlIAObl, OUMKEHI 01 AIMbIH-MbIC KEHOEPIH YUAHUOMI
cinminenoipyoi eHoey MmexHOL02UACHIH anblKmayowly delnejshey cmpamezusicoina
oatinanvicmol.  JKypeisineen 3zepmmeynep HOmMudiceciHOe KEHHIY KYPAMbIHOA
cblHamaoazvl anmulHHbIY Meawepi - 1,2 o/m Kypaimoeinbl anblkmanovl. Kymicmin
Kypamvl 0a - 1,2 2/m. mvicmoiy scainvt moauepi 0,15% xypaowl. Temipoiy monuepi
3,10% xypaovwl. Kykipmmiy scannvl monwepi 0,34% xypaoei.

Kinmmi cesdep: anmuln-mvlc KeHi, bacmanibl KeH MUHeparoapuvl, Rupum,
PAYUOHANObL MALOAY, YUAHOAY.

/. b. Kaceimosa',*P. B. Canunoé’, H. A. Kynenoea’, M. A. Adunvkanosa*
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*TopaiireipoB yHuBepcuTeT, Pecryonuka Kazaxcran r. [laBnonap
[Toctynuno B penakuuto 28.05.23.

[Toctynuno ¢ ucnpasienusimu 10.10.24.

[IpunsTo B nevars 12.10.2024.

MN3YYEHUE BEHIECTBEHHOTI'O COCTABA 30J10TO-ME/IHBIX
PYJI KABAXCTAHCKHAX MECTOPOXJIEHUI

B nacmosiwee epems npobnrema nepepabomru  3010MOCO0EPAHCAUUX  PYO
S61€MCsl OOHOU U3 CAMBIX AKMYAIbHBIX, NHOCKOIbKY MeOb 8 30JI0MbIX Pyoax - 9mo
00HOBPEMEHHO U YEHHbIT KOMNOHEHM, U 6PeOHAs NPUMECD, OCTONCHIIOWASL NPOYECC
uzeneuenust 30n0ma. Ilpesicoe 6ceeo, smo Kacaemcs YuaHupoBawusi - OOHOU U3
OCHOBHBIX Onepayull 8 npoyecce MemaiypeuiecKol nepepadomki 3010mopyoHo20
cbiposi. TIockonbKy yuanuposanue seusiemcst OCHOGHbLIM NPOYECCOM MEXHOIOSUU
u36IeUeHUs. 3010ma, 3010mvle pyobl UL KOHYEHMPAmsl, KOmMopvlie no mem uiu
UHBIM NPUYUHAM MPYOHO NOOOAIOMC YUAHUPOBAHUI, OMHOCAM K Kame2opuu
MY2ONIAsKUX. Ycmouuugocms 3010MulX py0 NO OMHOWEHUIO K YUAHUCIOMY
npoyeccy Xapakmepuszyemcs HeCKOIbKUMU KPUMEPUSMU, KOMOpble ONPeoeisiiomcs
Xapaxkmepom CEs3U 4acmuy 30J10Mmd ¢ MUHEPALAMU U NOPOOOU 8 pyoe, HATUHUEeM
6 pyoe MUHEpAnos U 6eujecms, 3amMelNsouux CKOPOCMb PACMBOPEHUs 3010Mmda
U BbIZLIBAIOWUX NOBBIULEHHBLL PACX00 YUAHUOA, HATUYUEM 6 pYOe NPUpOOHbIX
copbenmos. K Kpumepusim YNROpHOCMU 3010MbIX PYO OMHOCAMCS (PusuyecKas
oenpeccusi, XUuMu4ecKkas 0enpeccus, d maxdice copoyuOHHAs AKMUBHOCTb MUHEPAILO8,
npucymemesyowux 6 pyoe. Taxum ob6pazom, sman onpeoeneHus 6eujecmeeHH020
€OCmasa 30J10MOMeOHbIX PYO AGISEMCst OOHUM U3 OMBEMCMEEHHbIX, MAK KAK OM He20
3aeucum cmpamezusi 6blO0PA IMAN0E MEXHOIO2UU NePepadoOmKU 30J10MOMEOHbIX
PYO YUAHUOHBIM GbllyeNauusanuemM. B pesyibmame npogedeHHbIX UCCIe008aAHULL
ObLIO YCMAHOBIEHO, YMO 6 COCMase pyobl COOEPICAHIUe 30I0Ma 8 NPoHe COCMABULO
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— 1,2 2/m. Cooepoicanue cepedbpa maxaice cocmasuio - 1,2 e/m. Obwee xoruvecmeo
meou cocmasuno 0,15 %. Cooepoicanue ogwcenesa cocmasuio 5,10%. Obwee

Koauyecmeo cepwi cocmaesuio 0,34 %.
Kouegvle cnosa: 3010mo-meonas pyoa, nepsutiivie pyoHvle MUHEePAaIbl, NUPUm,

paquHCUZbelﬁ anaius, yuaupoeanue.
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