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Abstract. Rcﬁxtorys:ﬂﬁdemmubiqmwsmesofgoldmmnrwoﬂdhwas
demonstrated that biooxidation pretreatment of refractory whole ores could be conducted in
heaps. The effectiveness of colunmn biooxidation of off-balance gold ores from Bakyrchuk and
Bolshewvik deposits (northeast Kazakhstan) contaiung pynite and arsenopyrite was exanuned
in the laboratory. Bakyrchick ore contained 1.5% of pynite, 3% of arsenopyrite and 4.5 g/t of
gold Bolshevik ore contained 1% of pynite, 1% of arsenopynite and 10.7 g/t of gold. The
recovery rates of gold from the Bakyrchik and Bolshevik ores by direct cyamdation were
4.5% and 8.2%, respectively. Representative samples of each ore were processed in au-hft
percolators. A bioleaching expenment was performed in duplicate. The ennchment culture
was obtamned from the pynte flotation wastes and used as an moculum Bioleaching was
conducted for 60 days at ambient temperature (20-25°C). The recovery rates of gold from the
bioleaching residues of Bakyrchik and Bolshevik ores by cyamdation were 21.0% and 48.5%,
respectively, The results obtamned 1n the present work may be used to estumate perspectives of
heap bio-oxidation for the recovery of gold from these sulfide ores.

Introduction

Biomuning 15 commercially applied using three different methods: dump. heap, and stured
tank bioleaching/bicoxidation. It has considerable potential for collecting a wide range of
base and noble metals. Dump and heap bioleaching 15 an established technology for the
recovery of metals from low-grade sulfide ores [1]. Nowadays, dump and heap bioleaching 1s
widely applied commercially for the treatment of copper and uramium ores. This technology
was also used to recover mickel, cobalt, copper. and zinc from Talvivaara deposit [2].
Minerals biooxidation/bioleaching in stured tank reactors is usually applied to sulfidic-
refractory gold concentrates because of reasonable capital and operating costs associated with
thus ledmology. Stured-tank biooxidation of sulfidic-refractory gold concentrates has been
practiced for more than 20 years [1]. Heap bicoxidation of sulfide gold ores as a pretreatment
process has experienced only linited application on a commercial scale [3]. Newmont Gold
company has successfully demonstrated that heap biooxidation of sulfide gold ores can be
apphed when the ore is low-grade and the nuneralogy 15 such that the refractory sulfides
cannot be concentrated. Heap biooxidation for about 150 days increased gold recovery by

359



217 Iete ot ool Biohydrornetallurgy Sysnposiuen (18S) 2315
Cetober 5-9 2015

Inna Grond Bol Beach Hotel

Bali Indonesc

cyznxdation from the refractory pyrite and arsenopyrite gold cre fiom approxmmately 30% to
approxmately 55% (SIOPKO'™ technclogy) 4] Ihe am of fhus work was to mveshgate the
effciency of trooxidation as 2 pretreatment process for gold secovery from of-balance gold
ores from Bakyrchik and Bolshewk deposits (northeast Kazakhstar) m aw-hit percolators.

Materials and metheds

The sanples of gold ores fom Bakyrchik and Bolhevik deposits were provided by
“Bakyrchk GUS  compary. Chenacal and mureralogical conposihons of the ores ase
presented in Tables 1 and 2. The Pgs was <0074 mm.

Table 1 Minesalogical composition of the ores.

Coatent [wt %)

Deposit | pyite | Armenopynite  Silicte | Carbomate | Gypsum | Rutile
{TeS)) TeAsS) minerals mupenals | (QSO-ALC) | (TWO2)

Bakyrchik 15 3 84.5 il 1 1
Bolshevik 1 1 87 4 not detected 1

Table 2 Chenucal conpoiition of the ores.

X Coatenr [wt%4] Contert [g ]
Deposit
Feyy Fes Asy As, Ss Au
Bakyrcuk 34 1.58 063 0.585 145 45
Bolsaevik 38l 2.00 084 0312 1.80 10.7

Representative samples of ores (20) g) were orocessed in aw-hift percolators (4 cm m
Glameter and 40 cx m height). Ezchpccolzo'mu’COmLo a aqud medum
containng basal mutnient szlts ): 10 MgSC:-TH0, 0.75 (WH:pSO¢, 0.08 KC1 0.15
NaCl €.1 K;HPO, 34,0, 10F a@mt:dlopﬂl.i.abmhhgmmwmcmﬁed
cut m duplizate (two percolators for each ore were used). The ennchment culture obtamned
from pvnte flotation was'es contaming strains of Aclaithiobectlhs ferrooxtdms, A. caldhs,
Leptosgirilhom ferviphitum, Ferroplasme acidiphibom, Acidiplasma spp. was used as an
m&mmw&ﬁ&mam:mm(’oﬁfo pH and
Eh were measured with 2 pH-150MA pH meter-mullnvoltmeter. The pH was contmuously
monitored, znd HySO; was added when necessary 1o mairtam the pH valve in the range from
1.4 t0 1.6 The redox potential was measurad using a platimum electrode relative to a siiver
chioride electrode; the values were recalculated relative 10 & normual hydrogen electrode. The
concentraicas of the Fe®™ and Fe™ ions in the hiqud phase were datenmined by reactirg a
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sample from the liquid phase with potassium thiocyanate and measured the resultant reaction

tometrically at a wavelength of 3=475 nm The concentrations of arsenic in the
hquid phase were determuned using a Perkin Elmer 3100 flame atonuc absorption
spectrometer (USA). The won, arsenic, and sulfur concentrations in the solid phase were
measured using a phase method [5]. The gold content in the solid phase was measured using
a fire assay. Gold recovery was estumated by carbon-mn-pulp cyamdation.

Results and discussion

Liquid phase parameters for biooxidation are presented m Fig. 1. pH adjustment with
sulfunc acid was requured throughout the experument (Fig. 1 A). Sulfunic acid consumptions
were (kg t') 11 for Bakyrchik ore and 8 for Bolshevik ore. At the beginning of the

ron concentration fluctuated due to precipitation caused by fluctuations in pH.
Subsequently, dissolved ferric and total won concentrations gradually increased as ferrous
wron concentration decreased as a result of microbial oxidation. No dissolved ferrous iron was
&m&ma:idmpumwmaﬁaw&ysmmwmmwedmmma
chmgcm:s!’ /Fe" ratio. Concentrations of arseni¢ increased from 0 to 0.8 g L in all
perco

hamy

¢ 1t 2 M e S © N ‘e M n o -
T, am e, a0y

l"xgutel Ltqmdehmpanmﬁasforbuoomdanon;i-p&B -Eh mV; C = Aseea: (g LY);
D -Féewu (L") === ~Bakyrchik; - Bolshevik, J, — addition of sulfunc acid.

After 60 days of bicoxadation solid residues were washed and dned, chemucal composition
of the solid residues was determuned, and the extent of oxidation of the sulfide minerals was
deternuned. The residues yields were 95% of the ore. The extent of oxidation of the pynte
and arsenopynite in the Bakyrchik ore was 37 and 35%, respectively, and m the Bolshevik
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ore, 17 and 51%, respectively. Biooxidation efficiency was calculated from the gold recovery
from the bicoxidized residues measured by carbon-mn-pulp cyvamdation (Table 3).

Table 3. Gold recovery by the cyamidation of the ores and biooxidized solid residues.

Deposit Au recovery [wt.%]

Ore Solid residue
Bakyrchik 45 21.0
Bolshevik 82 485

The gold recovernies from the unoxidized Bakyrchuk ore and bioleach solid residue were
very low (4.5% and 21.0%), whereas recoveries from the unoxidized Bolshewvik ore and
bioleach solid residue were wisibly higher (8.2% and 48.5%). Thus. biooxidation in
percolators for 60 days resulted in a five-fold increase m gold recovery from both ores. At the
same time, gold recovery from Bakyrchik ore was very low after biooxidation.

Conclusions
Laboratory-scale expenments provided a demonstration of the key process performance
parameters of biooxidation of off-balance gold ores from Bakyrchik and Bolshevik deposits.
Obtained results suggest heap brooxidation can be a pronusing strategy for pretreatment of
this type of ore owing to low capital and operational costs and high efficiency. Biooxidation
in percolators resulted in a five-fold increase of gold recovery by cyamdation in a relatively
short ime. At the same time, the results demonstrated that the efficiency of biooxidation
on the nature of the ores. This fact should be taken into consideration when

planning of pilot scale experuments,
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