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Abstract: The Article presents the results of studies conducted to process gold-bearing rocks from one of the fields in
Kazakhstan. We studied a phase of the chemical and mineral composition of the ore using semi-quantitative X-ray
fluorescent, chemical (assay), electron raster and rational (phase) analysis. We found that the test sample contained 1.4 g/t Au
and 0.14 g/t Ag. The granulometric analysis showed that the main gold (36.51%) was concentrated in a class of -2.5 +1.25
mm size, with 1.42 g/t gold content. The main components of the initial sample composition were quartz 38.9%, albite 20.3%,
pyrite 5.8%. We studied the gravity recovery possibility of gold-bearing ore using laboratory equipment, i.e. Knelson KS-MD
3 centrifugal concentrator. We obtained a gold-containing concentrate with 6.04 g/t gold content on a centrifugal concentrator
with extraction of 52.65%, and 0.82 g/t gold in gravity tailings under the one-stage recovery flow sheet. We determined the
optimal leaching parameters for the recovery products (gravity concentrates and gravity tailings) using various oxidation
activators. The gold recovery degree was 77.3% with direct gravity concentrate cyanidation, and 85.7% with preliminary
oxidation using calcium hypochlorite increasing the gold recovery degree by 8.4%, when leaching the gravity tailings using
calcium hypochlorite -73.1%, sodium peroxide - 75.6%, Ascor oxidation activator (AS-45102) - 71.9%.
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BAUBITBUIFAH O©HIMJEPAI TOTBIKTBIPFBII KOCBIT INAMMAJIATI AJITBIH/IBI BOJIIIT AJTY

Tyiiingeme. Makanana KazakcTaHHBIH anTBIHKYpaMbl [IMKI3aTThl OHIPJICPiHIH 3epTTEy HOTHKeNepi kenTipinreH. ChlHama
aJIBIHBIN KeHJEepAiH (azanblk Kypambl 3epTrenii. JKapThuiail CaHIbIK PEHTTEeHIIK (IIyOpecleHTTi, XUMUIIBIK (Taijay),
ANIEKTPOH/IBI-PACTPJIBIK JKOHE palroHaAb! ((ha3ajblk) Taagayabl KOIAAaHY apKbUIbl KEHACPIIH XUMUSUIBIK JKOHE MHHEPAJIbl
Kypambl Oepinred. CeiHak yunricinge 1,4 r/t Au xone 0,14 1/t Ag 0ap ekeHIiri aHbIKTAIAbl. | paHYJIOMETPUSIIBIK Taaay
KOPCETKEeHAEH, alThIHHBIH Heri3ri 6emiri (36,51%) memnepi -2,5 +1,25 MM MenmepiHae MIOFbIpIaHfaH, adThlH Memmepi 1,42
r/T. BacTankpl chlHamMaHBIH HeTi3ri (a3anblk Kypambl kBapu - 38,9%, amsbutr - 20,3%, muput - 5,8%. Pentrenmix
(iyopecleHTTI Taijgay HOTHXKeepl OOMBbIHIIA KPEMHUN ChIHAMAJarbl OaChIMIIBIKKA M€ €KEHJIT aHBIKTAJIIbl. 3ePTXaHAJIBIK
Kypan-KaOAbIKTapAbl MaijianaHa OTBHIPBIN, aJITHIHHAH aJbIHFAH KCHJAEPAlI TPAaBUTALMSUIBIK  OalbITy MYMKIHIITI:
Hentpudyramsik nearpudytaymnr Knelson KS-MD 3 6ip caTbutsl 6alibITy CXeMachlHa COMKeC, alThIHHBIH KypamMbiHaa 6,04
/T 00NaThIH LEHTPU(YTAIBIK KOHIEHTpaTopaa 52,65%, rpaBUTalMsIIbIK Kaaaslkrapaa - 0,82 r/T anTelH MemepiH Kypasisl.
BaiibiTy eHIMAEpiHIH OHTaiIbI HIaiiManay mapamerpiiepi (TpaBUTAIMSIIBIK KOHIICHTPAT KOHE T'PABHTALMSIIBIK KaJIBIKTap)
TYpil TOTBIFY AaKTUBTCHIIPETIH pearcHTTepil MalfalaHbll KepceTulreH. EH JKOFaphl KOPCETKIIITEp TPaBUTAIMSIBIK
KOHIICHTPATTHIH TiKeNeld IUaHuATeY Ke3iHAe anThH eHAIpy Aspexeci 77,3% Kypaapl; KaJbUUH THIOXJIOPUTIMEH ajJIbIH-ana
TOTBIKTBIpYMeH 85,7%, on antelH eHAipy nopexeciH 8,4% -Fa apTTeIpaipl. ['paBUTAIMSIIBIK KaJIBIKTapAbl —I[IaiMamay
Ke3iHJle KalbLi THIIOXJIOPHUTIH Naiaanany apKeuisl - 73,1%, Hatpuit nepokcuni 75,6%, AS-45102 - 71,9% xypaiinsl.

Tyiiin ce3mep: anThIHKYpaMIbI IKi3aT, MaiiManay, rPaBUTALMSIIBIK KOHIICHTPAT, [PABUTALIMSUIBIK KaJIBIKTAp, ally, TOTHIFY
aKTUBATOpAAP.
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MU3BJIEYEHUE 30JI0TA BBIINEJAYNBAHUEM IPOAYKTOB OBOI'AINEHUAC IPUMEHEHUEM
OKHUCJIMTEJIA

AHHOTanusA.B craThe MpUBEAEHE! Pe3yIIBTAThI HCCIACIOBAHMI epepabOTKH 30I0TOCOIEPIKAIIETO CHIPhS OXHOTO U3
Mmecropoxaenuit Kasaxcrana. M3ydens! ha3oBbIii XUMHUUECKN 1 MUHEPAIBHBIN COCTABBI PY/bl C IPUMEHEHNEM
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PEHTTCHO(IIYOPECIICHTHOTO  ITONYKOJIUYESCTBCHHOTO, XHUMHUYECKOro (IMPOOHMPHOT0), AJIEKTPOHHO-PACTPOBOTO U
parmoHansHOTO ((ha30BOr0) aHAIHM3O0B.YCTAHOBJIEHO, YTO B HCCIeAyeMoi mpobe comepxurcs 1,4 r/t Au u 0,14 r/t Ag.
I'panynoMeTpuuecKurii aHAIH3 TIOKa3ajl, YTO OCHOBHas Macca 3omota (36,51 %) cocpenoToueHa B Kiacce KPYHHOCTH -2,5
+1,25 mm, tipu comeprkannu 3050t1a 1,42 1/1. OCHOBHBIC KOMITOHEHTHI (Da30BOr0 COCTaBa MCXOIHOW MpoOHI - kBapil 38,9
%, anpour 20,3 %, mupur 5,8 %. M3ydeHa BO3MOXXHOCTh I'PABUTAIIMOHHOIO OOOTaIICHHsI 30JI0TOCOACPIKAINECH PYIbI C
HCIIOJIb30BaHKEM J1abopaTopHOro 00opynoBaHus: HeHTpobexHoro kouueHTparopa Knelson KC-M/] 3. Tlo oxHocTaauanbHO#
cxeMe o0oramieHHsi Ha IEHTPOOSKHOM KOHIEHTPATOpE IOJy4eH 30JI0TOCOJCPIKAlIHii KOHICHTPAT C COACP)KAHHEM 30710Ta
6,04 r/T ipu m3BIEeUeHNH 52,65 %, B XBOCTaxX TpaBUTaniy copepxutcs 0,82 r/t 3omota. [TokasaHbl ONTUMANBHEIE TApaMETPhI
BBINETIAYMBAHMS TPOMYKTOB oOOoramieHus (IPaBUTALMOHHOIO KOHIICHTpAaTa M XBOCTOB TPAaBUTAIMK) C TPHUMCHEHHEM
Pa3MYHBIX PEAreHTOB-aKTHBATOPOB OKHCIEHHs. [IpM MpsMOM IHAHHUPOBAHWH TIPABHOKOHIICHTPATa CTEMECHb HM3BICYCHUS
3010Ta cocraBwio 77,3 %, ¢ mpeaBapUTENbHBIM OKHUCIIEHHMEM THUIOXJIOPUTOM Kanblua 85,7 %, 4TO IOBBIIIAET CTEIEHb
n3BJeueHus 3om0ta Ha 8,4 %, MpH BBINETAYUBAHUA XBOCTOB TPAaBUTAIMU C TIPUMEHEHUs THIOXJIopHuTa Kambimsa -73,1 %,
MEePOKCUIOM HaTpus - 75,6 %, aktuBatopa okucienus Ascor (AS-45102) - 71,9 %.

KiaoueBble cjioBa: 30J10TOCOJCpIKAIEe CHIPhE, BHINICTAYMBAHUE, TPABUTAIMOHHBIA KOHIIGHTPAT, XBOCTHI TPaBUTAIIWH,

H3BJICYCHUEC, aKTUBATOP OKHCIICHUA.

Introduction. Modern and highly efficient
technologies for their recovery are required due to
the depletion of alluvial gold and silver deposits and
the use of raw materials with a low content of
valuable components and complex composition
during the processing [1]. These ores are
characterized with the presence of free, very fine
gold uniformly distributed in the ore [3]. There are
three main ways to process raw materials depending
on the mineralogical composition of the ores and the
size of gold in them: gravity concentration; flotation
recovery; gold leaching with pre-oxidation [4].
Cyanides forming highly soluble complexes of gold
and silver are now widely used to leach gold-
bearing ores and concentrates [5]. An active search
for alternative cyanide reagents and ways to
intensify the precious metals recovery process from
ores has been conducted within recent years due to
the cyanidetoxicity and the complex composition of
the feedstock [2].

One of the important issues in the gold ore
treatment is the pre-oxidation of the sulphide part
for more complete gold recovery. The use of
oxidation activators, such as sodium peroxide and
calcium hypochlorite, promotes the gold leaching
from refractory sulphide raw materials. The
implementation of the intensive cyanidation process
for gravity concentrates and gravity tailings in the
presence of activator reagents enables to increase
the efficiency of gold-bearing rocksprocessing
significantly.

The purpose of this study is to develop a method
to leach gravity concentrate and gravity tailings
using various oxidation activators.

Experimental procedure and discussion of the
results. We used a representative sample of the
original ore from one of the deposits in Kazakhstan.
A chemical analysis was carried out using a mass
spectrometry method with the help of Varian

Optical Spectroscopy Instruments atomic absorption
spectrometer with an inductively coupled plasma.
The research results showed the following elemental
composition in %: 1.95 Fe; 0.46 S; 0.19 Cu; 0.52
Zn; 0.033 As; 1.45° C; 1.6 g/t Au, 0.14 g/t Ag.

It was found under the rational analysis results
(Table 1) that 46.43% gold was found in this sample
in a bound form, in association with sulfides, 25.0%
in intergrowths and 25.0% in visible fine-dispersed
native form (native gold).

X-ray phase analysis was performed using a D8-
ADVANCE BRUKER X-ray diffractometer. X-ray
phase analysis data (Table 2, Figure 1) of the sample
showed that the main components of the initial
sample phase composition were quartz 38.9%, albite
20.3%, pyrite 5.8%.

The electron microscopic analysis of ore (Figure
2) was performed using an electron scanning
microscope with a JEOLJXA-8230 electron probe
microanalyzer (JEOL, Japan). It follows from the
results obtained that gold, and the silver, iron,
sulphur carbon are present in the sample
microstructure. The form of gold grains is lamellar,
irregular, isometric.

Table 1 - Results of rational (phase) analysis of the
original ore sample.

. - Gold distribution

Gold Forms in Tailing ot %
Free gold with a clean surface at
90% class minus 0.071 mm 0.35 25.0
Gold in intergrowths (cyanidable) | 0.35 25.0
Gold associated with sulphides 0.65 46.43
Gold in minerals and quartz
insoluble in nitrohydrochloric 0.05 3.57
acid
Total gold 1.4 100.0
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Table 2 — X-ray phase analysis of the original ore Table 3 - Results of the gold distribution by size class
HaumeHoBanue Formula % Size Classesyield% Gold Gold

Quartz, syn SIiO; 38.9 classes, content, g/t | distribution

Albite (heattreated) Na(AlSisOs) 20.3 mm %
Riebeckite ~ [N@2(FE™ F€™ JSlsUz2(UH) 9.7 -2.5+1.25 36.0 1.42 36.51
Clinochlore 1Mla [Mg2sFe165Al15S122Al1 8010(OH)s 7.3 -1.25+0.8 19.0 1.5 20.36
Pyrite, arsenian |Fe(So.99AS0.01)2 5.8 -0.8+0.5 13.6 1.59 15.45
Calcite Ca(COy) 4.6 -0.5+0.25 13.6 1.2 11.66
Dolomite CaMg(COz). 4.2 -0.25+0.1 14.6 1.3 13.56
Orthoclase  (K.ssNa.10Ca.009Ba.012) (Al1.005Si2.0950s)| 3.9 20.1+0.071 2.2 1.1 1.73
Muscovite 2M1,syn | KAI3Si3010(0OH)2 3.2 20071 1.0 1 0.71
Clinoptilolite | (NAKC2)2 3Al(Al,Si),SirsOs-12H,0 Total 100.0 14 100.0
Nas.12Si36072(H20)23.12 2.3

2500 —p
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2300
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3311

2200

2000

Lin (Counts)

"
5 =
" 0=L3747

40 s0 60

2-Theta - Scale

BAN 30 [E]lDolomite - CaMg(CO3)2 - 5-Q 4.2 %

Operations: Strip kAlpha2 0.500 | Fourier 20.000 x 1 | Import Orthoclase - (K.88Na.10Ca.009Ba.012)(Al1.005Si2.99508) - S-Q 3.9 %
[ElQuartz, syn - SIO2 - S-Q 38.9 % Muscovi te 2M1, syn - KAI2SI3AIO10(OH)2 - S-Q 3.2 %
[E]Aibite (heat-treated) - Na(AISI308) - S-Q 20.3 % Clinoptilolite - Na4.12Si36072(H20)23.12 - S-Q 2.3 %

Riebeckite - Na2Fe3Fe2SiBO22(OH)2 - S-Q 9.7 %

Clinochlore 1Mla - Mg2.5Fe1.65A11.55i2.2A11.8010(0H)8 - S-Q 7.3 %
[ElPyrite, arsenian - Fe(S0.99A50.01)2 - S-Q 5.8 %

alcite - Ca(CO3) - S-Q 4.6 %

Figure 1 - The results of x-ray phase analysis of ore samples

It was revealed under the results of the particle  fine, but also thin and dusty gold from ores.
size analysis that the main ore fractions were We carried out gravity recovery tests using ore
represented by a particle size of -2.5 +1.25and -1.25  with a particle size of 85% of the 0.071 mm class (Table 4).
+0.8 mm; the vyield was 36.51 and 20.36%,
respectively (Table 3).

Thus, the physical and chemical studies of the
original ore showed that the gold content in the ore
sample was 1.4 g/t, including 46.43% of gold in a
bound form in association with sulphides, 25.0% in
intergrowths, and 25.0% of the visible fine-grained
native form (native gold). The phase composition
was mainly represented by quartz - 38.9%, albite -
20.3%, pyrite - 5.8%. According to the particle size
analysis, the main ore fractions were represented by
a particle size of -2.5 +1.25 and -1.25 +0.8 mm, the ey e
yield was 36.51 and 20.36%, respectively.

Gravity recovery is widely used to process gold
ores.

~ Faka

Auli
Alhyy

Aule
bl
Ire
FeKes:

o —— Fakb
Aull

The method of gravity concentration using Figure 2 - Electron-microscopic analysis of ore
centrifugal concentrators is one of the effective
gravitational recovery methods for gold-bearing ores Gravity recovery was carried out using a 3-inch
enabling to extract free not only large, medium and Knelson KS-MD 3 centrifugal concentrator.
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Selection of the gravity concentration mode for
the ore sample:
Gravity recovery parameters:
- Centrifugal acceleration 60 G;
- Fluidising water flow rate 3.5 I/min;
- Solids intake 0.5-0.6 kg/min;
- Fluidising water excessive pressure 15 kPa;
- Solids content in the pulp supplied to the gravity
concentration, 25-30%.

Table 4 - Results of the original ore gravitational
recovery

Product Name Yield Au Au
7 content, | recover

r 0 git y, %
Concentrate 558 13.95 6.04 52.65
Tailings 3442 | 86.05 0.82 43.75
Total 4000.0 | 100.0 1.4 100.0

Under the gravitational recovery results of the
ore specified in the Table, the yield of gold-bearing
concentrate was 14% with gold content - 6.04 g/t
and gold recovery was 52.65%, gravity tailings
contained 0.82 g/t.

We leached the concentrates and gravity
recovery tailings by direct cyanidation, as well as
using oxidizing agents: calcium hypochlorite
Ca(Cl0O),), sodium peroxide (Na20), and Ascor
oxidation activator (AS-45102). It should be noted
that the preliminary oxidation studies considered in
scientific papers [11-14] showed high efficiency of
the reagents used.

Cyanation products were subject to atomic
absorption and assay (cake) analysis methods. We
studied the cyanidation dynamics (with direct
cyanidation and in the presence of oxidizing agents),
controlled the sodium cyanide concentration and the
pulp pH during the tests. The cyanide leaching
parameters and results are shown in Tables 5-6.

Table 5 - Gravity concentrate cyanidation mode

Parameter Unit of Value
measurement

Grain size mm
W:Tratio = (1:3) g/ml 100:300
Cyanide % 0.1
concentration
Cyanation duration h 24
Temmeparypa °C 22
With air supply +
Medium value pH 11.2-115

It follows from the data in Tables 5 and 6 that the
process conditions (Table 5) enableto achieve 77.3%
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gold recovery from the concentrate during direct
cyanidation and with 90%particle size of 0.071 mm
class, as well as with 0.1% sodium cyanide
concentration, 85.7% for cyanidation with
preliminary oxidation with calcium hypochlorite,

i.e. ore pre-oxidation contributes to an increase in
the gold recovery degree by 8.4%. A method was
proposed to process the refractory gold-bearing ore
from the Kazakh deposit based on the studies
conducted.

Table 6 - Results of gravity concentrate cyanidation
tests

Names Parameters
Test 1 Test2
Sample weight, g 70 70
Solution volume, ml 280 280
NaCN concentration, % 0.1 0.1
pH 10.7 11.03
Duration, h 24 24
Type of oxidizer, g 1.0
Ca(ClO),
With air supply + +
Au content in the initial conc. 6.04 6.04
under assay analysis, g/t
Au content in cake, g/t 1.37 0.86
Au recovery rate from cake, % 77.3 85.7
Conclusion. Thus, the best leaching

parameters for gravity tailings were obtained by
preliminary oxidation with such reagents as
Na,Ozand Ca(CLO),, i.e. 75.6% and 73.1%,
respectively, and pre-oxidation increased the gold
recovery degree by 8.4%when leaching gravity
concentrateindicating  the  sulfide  oxidation
efficiency. The maximum gold recovery degree of
gravity concentrate was 85.7%.

A method was proposed to process the
refractory gold-bearing ore from the Kazakh deposit
based on the studies conducted.

The work was doneunder the financial
support of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant
AP05130143/GF)
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