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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-
guantitative 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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gravity concentration; flotation recovery; gold
leaching with pre-oxidation [4]. Cyanides forming

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:
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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
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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.

Experiment 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 wusing 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.
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. - 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 acid 0.05 3.57
Total gold 1.4 100.0

Table 2 X-ray phase analysis of the original ore

HaumenoBanue Formula %
Quartz, syn SiO2 38.9
Albite (heattreated) |Na(AlSisOs) 20.3
Riebeckite Naz(Fe?*3Fe3*2)Sis022(0H)2 9.7
Clinochlore 1IMla | MgasFe165Al15Si22Al18010(0H)s 7.3
Pyrite, arsenian Fe(So.00AS0.01)2 5.8
Calcite Ca(COs) 4.6
Dolomite CaMg(CO3). 4.2
Orthoclase K.s8Na.10Ca.009Ba.012) (Al1.005Si2.9950s)| 3.9
Muscovite 2M1syn | KAl3SizO10(OH)2 3.2
Clinoptilolite (I'\\‘l—;‘ﬁ%)ﬁzéfiz'(ﬁg%i'139”uﬂzo 23

Table 3 Results of the gold distribution by size class

Size Classesyield Gold Gold
classes, % content, | distribution
mm g/t %
-2.5+1.25 36.0 1.42 36.51
-1.25+0.8 19.0 15 20.36
-0.8+0.5 13.6 1.59 15.45
-0.5+0.25 13.6 1.2 11.66
-0.25+0.1 14.6 1.3 13.56
-0.1+0.071 2.2 1.1 1.73
-0.071 1.0 1 0.71
Total 100.0 14 100.0

Figure 1 The results of x-ray phase analysis of ore samples
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It was revealed under the results of the particle
size analysis that the main ore fractions were
represented by a particle size of -2.5 +1.25 and -
1.25 +0.8 mm; the yield 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 yield was 36.51 and 20.36%, respectively.

Gravity recovery is widely used to process gold
ores.

The method of gravity concentration using
centrifugal concentrators is one of the effective
gravitational recovery methods for gold-bearing
ores enabling to extract free not only large, medium
and fine, but also thin and dusty gold from ores.

We carried out gravity recovery tests using ore
with a particle size of 85% of the 0.071 mm class
(Table 4).
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Figure 2 Electron-microscopic analysis of ore

Gravity recovery was carried out using a 3-inch
Knelson KS-MD 3 centrifugal concentrator.

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%.
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Table 4 Results of the original ore gravitational
recovery

Product Name Yield Au Au
0 content, [recovery,
s % g/t %

Concentrate 558 13.95 6.04 52.65

Tailings 3442 (86.05 0.82 43.75

Total 4000.0 |100.0 14 100.0

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(ClO),), sodium peroxide (Na202), 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% 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.
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Table 6 Results of gravity concentrate cyanidation tests Conclusion

Names Test 1P arame;e;:tz _ Thu§,' the best Ieaching parametgrs_ for
Sample weight, g 20 70 gra_mt)_/ ta|I|n_gs were obtained by preliminary
Solution volume. mi 280 280 oxidation with such reagents as NaOzand
NaCN concentra'tion, % 01 01 Ca(CLO)y, i.e. 75.6% and 73.1%, respectively, and
oH 107 11.03 pre-oxidation increased the gold recovery degree
Duration, h o4 o4 by 8._4%_Wh(_en Ieachin_g grav_ity
Type of oxidizer, g 1.0 Ca(CIO), cor_lc_entratelndlcatlng the sulfide oxidation
With air supply " + efflc_lency. The maximum gold recovery degree of
Au content in the initial conc. | 6.04 6.04 gravity concentrate was 85.7%.
under assay analysis, g/t A method was proposed to process the
Au content in cake, g/t 137 0.86 refractory gold-bearing ore from the Kazakh
Au recovery rate from cake, % | 77.3 85.7 deposit based on the studies conducted.

Cite this article as: Abubakriev A. T., Koizhanova A. K., Magomedov D. R., Erdenova M. B.,
Abdyldaev N. N. Gold Recovery from Concentrates Using Oxidizing Agent // Kompleksnoe
Ispol’zovanie Mineral ’nogo Syr’a (Complex use of mineral raw materials). — 2019.— No.3. (310). — Page:
10-15. https://doi.org/10.31643/2019/6445.23

baiipIThLIFaH OHiMI[ep)]i TOTBIKTBIPYbIII KOCBIII maiMaJsan AJITBIHABI 0oeJtin ajny
A0ybaxpueB A. T., Koiizkanosa A. K., Maromenos /I. P., Epaenosa M. b., A6asiinaes H. H.

Tyiiingeme. Makanana Ka3akcTaHHBIH anTBIHKYpPaM/Ibl [IMKI3aTThl OHIPJICPIHIH 3€pPTTEY HOTHXKEJICpPi KENTipiIreH.
ChlHamMa abIHBIT KeHIEepAiH (a3aiblK Kypambl 3epTreii. JKapTeuiail caHAbIK PEeHTTeHIIK (IyopecueHTTi, XUMUSIIBIK
(Tanmay), 3IEKTPOHIBI-PACTPIIBIK JKOHE PATHOHAN B ((ha3abIK) TaaAayabl KOJIAaHY apKbUIbI KEHACPIIH XUMHUSIIBIK )KOHE
MUHepanbsl Kypambl Oepinren. CeiHak yiricinge 1,4 r/t Au xone 0,14 v/t Ag 0Oap eKeHIIr aHbIKTaJIbI.
I'paHyIOMETPHSUIBIK TaJIiay KOpCeTKEHeH, alThIHHBIH Heri3ri oemiri (36,51%) memmepi -2,5 +1,25 MM Meuepinie
LIOFBIpJIAHFaH, anThiH Meimepi 1,42 r/T. bactankel chlHaMaHBIH HEri3ri (a3ayiblk Kypamsbl kBapi - 38,9%, anpOur -
20,3%, uput - 5,8%. Pentrenmik ¢uyopecueHTTi Tanaay HOTHKesepi OONBIHIIA KPEMHHUI ChIHAMaIarbl OaChIMIBIKKA
ne EeKCeHJIr aHBIKTaNAbl. 3epTXaHalblK Kypal-KaOIbIKTap/Abl TaijajaHa OTBIPHIN, AITHIHHAH aJbIHFaH KeHAep.i
TpaBUTANMSIIBIK OalipiTy MyMmKiHAiri: LenTpudyramsik nentpudynaymsl Knelson KS-MD 3 6ip caTtbuiel GaifbITy
cXemachlHa CoiiKec, aNTBIHHBIH KypambiHga 6,04 1/t OonarblH neHTpH(yrainblKk KOHIEHTpaTopaa 52,65%,
TpaBUTANMSUIIBIK Kanmasikrapaa - 0,82 r/r anteiH MemmiepiH Kypansl. baifbITy eHiMaepiHiH OHTalibl maiimarnay
napameTpiiepi (TpaBUTAlMSUIBIK KOHLEHTPAT »OHE TIPABHTALMSUIBIK KAIIBIKTAP) TYPJi TOTBIFY aKTUBTEHAIPETIH
peareHTTep/Ii NaiaanaHbi kepceTiireH. EH jxoFapbl kKepceTKiliTep rpaBUTAMSUIIBIK KOHIIGHTPATTHIH TiKeJIel HIUaHUuATeY
Ke3iH/e alThIH OHAIPY Aopexeci 77,3% Kypaibl; KaJbIMii TUIIOXJIOPUTIMEH al[IbIH-ajIa TOTHIKTRIpYMeH 85,7%, 0J1 anThiH
oHIIpy mopexecin 8,4% -ra apTThipanbl. | paBUTAIUSIIBIK KAIABIKTAP/IbI [IalManay Ke3iHae KaJabI[Hid THIOXJIOPUTIH
nainanany apkeutsl - 73,1%, Hatpuii nepokcumi 75,6%, AS-45102 - 71,9% kypaiiasl.

Tyiiin ce3mep: anTbIHKypamJbl LIiKi3aT, maimalay, IpaBUTAlMSUIBIK KOHLEHTPAT, TPAaBUTALMIIBIK KAJABIKTAp, ajy,
TOTBIFY aKTUBAaTOP/AP.

N3BieyeHue 30/10Ta BbllIeJa4BAHUEM NPOIYKTOB 000ralieHus
¢ IPUMEHEHHEM OKHMCJIUTEes

Aoyo0akpueB A.T., KoiizxkanoBa A. K., Maromenosa. P., Epnenosa M.b. , Aoabuinaesu. H.

AHHoTanus. B cTaTtee mpuBEIEHBI PE3yNbTaThl HCCIECAOBAHUHA MEPepabOTKH 30JI0TOCOAEPIKAIIETO CHIPhS OJHOTO W3
MecTtopoxkaernii Kasaxcrana. M3ydensl (a30BBIH XUMHYECKHA W MHHEPAJIbHBIN COCTaBBI PYABI C MPUMEHEHHEM
PEHTIeHO(ITYOPECHIEHTHOTO  TIONYKOJMYECTBEHHOTO, XHMHYECKOTO (TMPOOMPHOr0), 3JIEKTPOHHO-PACTPOBOTO |
pammoHabHOTO ((ha30BOT0) aHAIKM30B. Y CTAHOBJICHO, YTO B HCCieayeMoi mpobe conepxurcs 1,4 v/t Au u 0,14 r/T Ag.
I'paHyIOMETPHUYECKHUI aHATN3 ITOKa3aJl, YTO OCHOBHAs Macca 3010Ta (36,51 %) cocpeoTodyeHa B Kilacce KpymHOCTH -2,5
+1,25 MM, nipu conepkanun 3oisota 1,42 1/T. OCHOBHBIE KOMIOHEHTHI ()a30BOTO cOCTaBa MCXOJIHOM HPOOBI - KBapIl
38,9 %, ansout 20,3 %, nupur 5,8 %. M3yyeHa BO3MOKHOCTb IPaBUTAIIMOHHOT'O 0OOTAIEHNUS 30JI0TOCOIEPIKAILCH PYIbI
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C HCIONIb30BaHKMEM JIabOpaTOpPHOro 00OpYOOBaHHUS: LEHTpoOe:KHOro KouueHtparopa Knelson KC-MJ 3. Tlo
OJJHOCTaJIMAJILHOM CXeMe O0OTalleHHs] Ha LEHTPOOEKHOM KOHIIEHTpATope MOJIyYeH 30JI0TOCOJCPIKAINM KOHIEHTpAT C
coziepanueM 30110Ta 6,04 T/T npu u3BieueHuu 52,65 %, B XBocTax rpaButanuu coaepxutcs 0,82 r/t 3omota. [lokasaHsr
OIITUMAJIbHBIE [TAPaMETPhI BBIILEAYNBAHHS TPOIYKTOB 00OTallleH s (TPaBUTAIMOHHOTO KOHIIEHTpaTa ¥ XBOCTOB IPaBUTALIIN)
C IPUMECHEHUEM Pa3JIMYHBIX PEareHTOB-aKTHBAaTOPOB OKUCIICHUsS. [Ipy npsIMOM LIMaHUPOBAHUU IPABHOKOHIIEHTPATa CTEICHb
U3BJICUCHUS 30710Ta cOCTaBUIO 77,3 %, ¢ peaBapUTeIbHBIM OKUCIEHHEM THIOXJIOPUTOM Kablus 85,7 %, 4TO MOBBIIIAET
CTETICHb U3BJICUCHUS 30710Ta Ha 8,4 %, IpH BBIIETAYNBAHUI XBOCTOB IPABUTALINH C IPUMEHEHHS THIIOXJIOPHTA Kaibiws - 73,1
%, HePOKCHIOM HaTpus - 75,6 %, aktuBatopa okuciaenus Ascor (AS-45102) - 71,9 %.

KaroueBble cji0Ba: 3010TOCOEpIKAIIEE CHIPEE, BBICTAYNBAHNE, IPABUTAIIMOHHBIN KOHIIGHTPAT, XBOCTHI IPaBUTAIINH,
W3BJICYCHHUE, AKTUBATOP OKUCIICHUS.
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