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ABSTRACT
Over the past century, many problems have been focused on the problems of low leaching rate
of gold and methods have been developed to intensify the leaching of gold. Among these
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intensify the leaching process, the indicators of cyanide leaching of gold from ore using hydrogen
peroxide were studied. This article presents the results of assay-gravimetric, chemical, and
mineralogical analyses of gold-bearing ore from the Sari Gunay Deposit (Iran). The content of
sulfide sulfur ore belongs to the category of low-sulphide, by oxidation of sulphur (50.70%) to the
category of oxidized ores. Thermodynamic analysis of possible reactions of ore components with
hydrogen peroxide is carried out. Laboratory studies on cyanide leaching of gold have shown that
the maximum recovery of gold is 52.92% at a concentration of hydrogen peroxide of 0.5%, the
recovery of gold without ore treatment is 52.03%. The results of laboratory and column tests
with and without treatment with hydrogen peroxide (H.0,—0.5%) were compared. Treatment of
gold-bearing ore with hydrogen peroxide during heap leaching of gold increases gold recovery by
1.2% and amounts to 55.89%, without treatment - 54.69%. This increases the consumption of
sodium cyanide by 0.04 kg/t.

Keywords: heap leaching gold, heap leaching intensification, gold leaching, hydrogen peroxide,
oxidizer, gold.
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Introduction

The technology of heap leaching of gold-
bearing ores has been known for about a hundred
years and undoubtedly has positive aspects, namely
[1]:

- low investment;

- reduced terms of preparation of production;

- low cost of extracting a valuable component;

- the possibility of developing small ore
deposits that are economically inexpedient to
develop using the traditional factory method;

- fast payback of projects;
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- high labor productivity with a minimum
number of workers;

- lack of energy-intensive
intensive operations.

Over the past century, many problems have
been directed towards the low rate of gold leaching
and methods have been developed to intensify gold
leaching [2-4].

Among these methods, the use of hydrogen
peroxide to accelerate the leaching of gold is
known [5-9]. Hydrogen peroxide was mainly used
for detoxification of waste water and neutralization
of waste heaps [10-12] and for oxidation during
intensive cyanidation of gold [13-15].

The reaction of dissolution of gold in the
presence of hydrogen peroxide can be represented
as follows [5-9]:

and material-

2Au + 4NaCN + H,0; = 2NaAu(CN), + NaOH (1)

The more active the oxidizing agent, the higher
its oxidizing capacity and concentration in the leach
solution, a high degree of oxidation rate should be
expected. At the same time, with a sufficient
oxidation potential, for example, in the presence of
hydrogen peroxide, in addition to gold, cyanide can
also be oxidized [16]:

NaCN + H,0,= NaCNO + H,0 (2)

The above reaction is the chemical basis of a
widely used method for neutralizing waste cyanide
solutions. Thus, the introduction of an oxidizing
agent, stronger than oxygen, which is the basis for
the acceleration of cyanide leaching, itself has a
limitation. It is quite obvious that the limiting factor
is the redox potential of the leaching system. This
parameter should ensure the intensification of gold
oxidation (reaction (1), in which oxidative
decomposition of cyanide becomes possible
(reaction (2) [17].

In this research paper, in order to intensify the
leaching process, the indicators of cyanide leaching
of gold from ore using hydrogen peroxide were
studied for the first time.

Experimental part and discussion of results

Gold ore from the Sari Gunay deposit (Iran) was
used for research. According to the results of assay
analysis, the average gold content in the ore is 2.90
g/t [18-20]. The chemical composition of the ore is
represented by the following components in, %: Cu
0.009, Zn 0.0082, Ni 0.0003, Pb 0.108, Mn 0.0005,

Co 0.0003, Cr 0.0013, Mo 0.0001, Hg 0.0025, As
0.11, Sb 0.0563, K;O 7.30, Na;O 1.34, SiO; 61.4,
Al,03 19.7, TiO, 0.49, MgO 0.80, CaO 0.31, P,0s
0.21, Fe total 2.67, Fe oxidized 0.44, Fe sulfide 2.23,
S total 1.48, S sulfide 0.73, S sulfate 0.75. Mass
fraction of total sulfur is 1.48%; that of sulfide
sulfur is 0.73. The ore belongs to the low-sulfide
category by the sulfide sulfur content and to the
category of oxidized ores by the sulfur oxidation
level (50.7%). A special feature of the rock is a
negligible content of total iron (2.67%), while iron
sulfide (2.23%) is mainly bound up with pyrite [20].

Mineralogical analysis has established that the
gold in the sample is, in the main mass, in the form
of dispersed grains (no more than 2 microns) and
inclusions in hydroxides, iron oxides and skorodite.
The mineralogical composition of the ore of the Sari
Gunay deposit is presented in Table 1.

Table 1 - Mineralogical composition of the ore from the
Sari Gunay deposit

Minerals Mass fraction, %
Rock-forming minerals
Quartz 23.0
Orthoclase 30.0
Plagioclase 6.0
Hydromica 28.0
Biotite 2.0
Chlorite 1.0
Kaolin 1.0
Gypsum <1.0
Ore minerals

Jarosite 2.0
Magnetite, Haematite 1.0

Iron hydroxide <2.0
Scorodite 2.0
Cinnabar Isolated grains
Metacinnabar Isolated grains

Sulphides

Pyrite 1.0
Arsenopyrite Isolated grains
Galena Isolated grains
Total 100.0

In the research paper of a number of authors
[21-24], it is proposed to use oxidizing agents such
as hydrogen peroxide and others to open gold
particles associated with metal sulfides. In this case,
peroxide solutions are added directly to the cyanide
leaching solution. The thermodynamic analysis of
the reactions (Table 2) shows that the addition of
such a strong oxidizer as hydrogen peroxide directly
to the cyanide solutions used. In the heap leaching
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Table 2 - Possible thermodynamic reactions of the ore components with hydrogen peroxide

Ne Reaction AG, Kl /mol
298 K 323K 353K 373K

1 | 2NaCN + H20; + 202(g) = 2NaOH + 2CO5(g) + Na(g) -1261,41 | -1260,52 | -1259,34 | -1258,54
2 2NaCN + H202 = 2NaOH + 2C + N2(g) -472,67 -471,65 -470,31 -469,39
3 FeSz + 2.502(g) + 2H202 = FeO + 2H2S04 -1195,93 -1184,04 -1170,04 | -1160,86
4 FeSz + 7.5H20; = Fe(OH)s + 2H2504 + 4H,0 -1866,88 -1856,34 -1844,47 | -1836,96
5 FeSz + 7H20; = FeO + 2H,S04 + 5H.0 -1711,89 -1703,79 -1694,92 | -1689,44
6 2FeAsS + 9H202 = 2Fe0 + As203 + 9H20 + 2502(g) -2386,97 -2383,55 -2380,89 | -2378,89
7 2FeAsS + 10H202 = Fe203 + As203 + 10H20 + 2502(g) -2733,24 -2727,32 -2722,22 | -2717,85
8 FeAsS + 2.5H,0; + 1.502(g) = FeO + H2S04 + H3AsO3 -1135,35 -1126,16 -1116,88 | -1107,51
9 2FeAsS + 5H202 + 3.502(g) = Fe203 + 2H2504 + 2H3As03 -2513,77 -2492,12 -2470,29 | -2448,27
10 | FeAsS + 2.5 H20; + 202(g) = FeO + H2S04 + H3AsO4 -1263,81 -1251,87 -1240,02 | -1228,23
11 | 2FeAsS + 5H20: + 4.502(g) = Fe203 + 2H2504 + 2H3As04 -2770,69 -2743,55 -2716,56 -2689,7
12 | FeAsS + H20; + 302(g) = FeAsO4 + H2S04 -1218,49 -1204,82 -1191,24 | -1177,75
13 | FeAsS + H202 + 2.502(g) = FeAsO4 + H20 +S02(g) -1065,81 -1058,72 -1051,71 | -1044,75
14 | FeAsS + 2.5H202 = FeSOa4 + AsHs(g) + H20 -548,23 -546,91 -545,65 -544,43
15 | CuS + 4H202 = CuSO4 + 4H20 -1021,20 -1015,04 -1009,20 | -1003,66

of gold will lead to the destruction of sodium
cyanide to form an alkali (Reaction (1) and (2),
Table 2). The decrease in the concentration of
cyanide, respectively, reduces the extraction of
gold. Based on the technology of heap leaching of
gold, in which one of the stages of the process is
paused between irrigations [25]. This technological
method is used in the presence of sulfide minerals
in the ore, in which there is finely disseminated
gold.

If hydrogen peroxide is used when irrigating a
heap without supplying alkaline cyanide solutions,
then the oxidizing agent will react with the sulfide
part of the ore. Thermodynamic calculations show
that pyrite, arsenopyrite and galena present in ores
can be oxidized in the presence of hydrogen
peroxide with the formation of various compounds,
oxides, sulfates, etc. Oxidation and dissolution of
iron and copper sulfates will lead to the opening of
finely disseminated gold, which can then be
extracted at supply of cyanide solution.

Laboratory tests of ore leaching

Laboratory tests on cyanide leaching were
carried out in an agitator with a rotation speed of
30 rpm. The modes of leaching were as follows: ore
size -12 mm, ore sample weight for each
experiment 500 g, ratio Solid:Liquid =1:2, pH 10-11,
concentration of sodium cyanide 0.1 %, leaching
duration 24 hours. During the leaching process, the
concentration of sodium cyanide and the pH of the
medium were monitored, and, if necessary,
reagents were added.

Based on the data of thermodynamic analysis,
the ore was treated with hydrogen peroxide for 30
min before cyanide leaching. The hydrogen
peroxide concentration for treatment ranges from
0.2% to 1%. After the completion of leaching, the
filtered solution and the solid phase of the tailings
were analyzed for gold content.

The results of gold leaching are shown in
Figures 1-2.

The results show that the maximum gold
recovery is 52.92% at a hydrogen peroxide
concentration of 0.5%, the gold recovery without
ore treatment is 52.03%. For further research on
heap leaching of gold, this concentration of
hydrogen peroxide (0.5%) was chosen as the
optimal one.

Research on the technology of heap
leaching of gold

Heap leaching of gold in columns was fulfilled in
a closed cycle: leaching of gold from the ore with
alkaline cyanide solutions; sorption of dissolved
gold with activated carbons; return of the solution
into circulation for leaching after correcting the
concentration of sodium cyanide and pH.

Attributes of the unit for conducting column
studies are as follows: ore size is =20 mm; diameter
of columns for leaching is 100 mm; height of
leaching columns is 800 mm; height of the ore layer
in the column is 750 mm. The ore mass in the
columns by dry weight is 9 kg. Solutions of 0.05%
(0.5 g/L) sodium cyanide were used as a leaching
solution; the pH value was maintained within 10.5—
11.0 by adding sodium hydroxide.
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Figure 1 - Gold dissolution kinetics of crushed ore to a particle size of-12+0 mm
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Figure 2 - Gold recovery degree of crushed ore to a particle size of -12+0 mm

For comparison purposes, two series of
research were conducted on heap leaching of gold
with the addition of hydrogen peroxide and
without that.

The method of leaching with the addition of
hydrogen peroxide was carried out as follows: The
first 3 cycles of ore leaching were treated only with
a solution of 0.5 % hydrogen peroxide. In
subsequent leaching cycles, the addition of this
reagent was stopped and the leaching was carried
out with a cyanide-alkaline solution. It took 15

leaching cycles to dissolve the gold. The results of
heap leaching of gold are shown in Figures 3-5.

Figures 3-4 show that pre-leaching ore
treatment with hydrogen peroxide at the beginning
of three leaching cycles increases the gold content
in productive solutions. The degree of gold
recovery with treatment with hydrogen peroxide
(55.89%) is 1.2% higher than in the experiments
without treatment of this reagent (54.69%).

The consumption of sodium cyanide for
leaching without treatment was 0.65 kg/t.
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Treatment of ore with hydrogen peroxide increases
the sodium cyanide consumption by 0.04 kg/t and
is 0.69 kg/t (Figure 5).

Conclusions

The treatment of gold-bearing ore of the Sari
Gunay deposit with hydrogen peroxide in heap
leaching of gold increases gold recovery by 1.2%
and is 55.89%, without treatment - 54.69%. This

increases the consumption of sodium cyanide by
0.04 kg / t.

In the future, studies will be carried out on the
intensification of gold-bearing ores using
alternative oxidizers and experiments for gold-
bearing ores of Kazakhstan.
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TYWIHAEME

OTKeH facblpga KentereH npo6nemanap ANTblHAbI Luaﬁmanay,u,bm, KbiNAaMAbIfblHbIH, TOMeH

6onybimeH 6ainaHbICTbl 60nAbl, an KeliHHEeH anTbiHAbI epiTiHAINeYAl KapKblHAATy a4icTepi

»Kacanabl. Ocbl daicTepain, iWiHAe anTbiHAb! Wakmanayapl Te3geTy YWiH cyTeri acKblH TOTbIFbIH

Makana kengi: 30 enmokcaH 2020
PeueHseHTTEH OTTI: 25 KOHMap 2021
KabbingaHapl: 09 aknaH 2021

KO/4aHa OTbIpbin,

KongdaHaTbIH agic 6ap. LWaiimanay npoueciH KapKbIHAATY MaKcaTbiHAA, CyTeriHiH aCKbiH TOTbIFbIH
KeHHEeH anTblHAbl LMAaHUATIK LWaiimanay apKbiabl any KepceTkiwTepi
3epTTengi. byn xymbicta Capbl-lyHait (MpaH) KEHOPbIHHbBIH, anTbIHKYPaMAapbl KeHAEpiH cbiHama-

rPaBUMETPUANDBIK, XUMUANBLIK, MUHEPANIOTUANDBIK TandaynapblHblH HSTVI)KeI'Iepi YCbIHbINFaH.

Cynbduareri KyKipTTiH, menwepi 6oMbliHWA KeH a3 cyibduATI caHaTKa, an KyKipTTiH, TOTblfFy

Aapexeci 6oibiHWa (50,70%) — TOTbIKKAH KeHAep CaHaTbliHA KaTadbl. KEH KOMMOHEHTTepiHiH

cyTeri ACKbIH TOTblfbIMeH MVMKiH 6onatbiH peakunAanapbiHa TepMOAMHAMUKANbIK Tangay

Kyprisingi. AnNTbiHAbI UMAHMATIK Wakimanay apKblibl any GoMbIHLWA XKYPri3inreH 3epTxaHanblk

3epTTey/siep KOPCETKEHAEW, CyTeri acKblH TOTbIFbIHbIH, KOHUeHTpauuscel 0,5% 6onfaH Kesge

aNTbIHHbIH, €H, oFfapbl 6eniHyi 52,92%-abl Kypaiapl, peareHTTi KongaHbaraH Kesae anTbliHHbIH,
6eniHyi 52,03% 6onagpl. CyTteri ackblH ToTbifbiMeH (H20,-0,5%) eHaereH »koHe eHAemereH

Ke3geri 3epTxaHasblK }aHe 6afaHanblK CbiHaK KOPCETKIWTEPiHE CaNbICTbIPY XYPri3ingi. AnTbiHAbI

o ~ . . . 4-
YUIHAI WanManay KeslHae KeHAl CyTerl aCKblH TOTblfbIMeH eHAecCe aNTblHHbIH a/iblHYbI 1,2%-fa

apTaabl, AFHU 55,89%-abl Kypanapl, an eHAemMereH Kafganaa 54,69%-ap1 Kypangbl. byn kesge

HaTPWI UMaHUAiHIH, WhiebiHbl 0,04 Kr/T-Fa apTagpl.

TyWiH ce3gep: anTbiHAbl YWiIHAI Waimanay, yHiHAI Wwakmanay npoueciH KapKblHAATY, anTbiHAbI
LwaiMmanay, CyTeriHiH, acKblH TOTbIfbl, TOTbIKTbIPFbILL, aNTbiH.
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AHHOTAUMA

Ha npoTaxeHWu nocnefHero cToneTua MHorve npobnembl 6biAM HanpaBieHbl Ha pelueHne
334341 HU3KOM CKOPOCTY BbILLENAYMBAHNA 30/10Ta U, B Aa/bHelLLeM 6binn pa3paboTaHbl MeToAb!
MHTEHCMOUKALUMM BbileaunBaHua 30n0Ta. Cpean 3TUX METOAO0B, M3BECTHO WMCMO/b30BaHWe
NepoKcMaa BOAOPOAA ANA YCKOPEHWA BbillenaduMBaHua 3o0n0Ta. C Uenblo MHTeHCUbMKaumu
npouecca BbllenaunBaHnsa 6b1n U3ydeHbl NOKasaTeNn LMaHWAHOTO BbilLeauynBaHusa 30/10Ta U3
pyAbl ¢ MCnonb3oBaHWEM MepoKcuaa Bodopoda. B gaHHol paboTe npeacTaBneHbl pesynbTaThl
NPO6UPHO-TPaBUMETPUYECKOTO, XUMMUYECKOTO, MWHEPANOrMYecKkoro aHanu3os
30/10TOCOAEPKALLEN pyabl mecTopoxaeHun Capu-TyHait (MpaH). Mo copepaHuto cynbduaHom
cepbl pyAa OTHOCUTCA K KaTeropuu manocynbduaHoM, No cteneHn okucneHus cepbl (50,70%) — k
KaTeropum OKUC/IEHHbIX pyA. [poBeseH TEPMOAMHAMMYECKUIA aHanW3 BO3MONHbIX PeaKLUu
KOMMOHEHTOB pyApbl C MEPOKCMAOM BoAoposa. /labopaTopHble UcCneAoBaHUA MO LUaHUGHOMY
BbILLLEIAYMBAHMIO 30/10TA MOKa3aau, YTO MAKCMMaibHOE U3B/eYEHMNE 30010Ta cocTasaneT 52,92%
NPy KOHUEHTpauuu nepokcmuaa sogopoga 0,5%, ussneyeHue 3on0Ta 6e3 06paboTku pyapl
coctaBnset 52,03%. [poBeaeHO cpaBHeHWe MoOKasaTeneil N1abopaToOpHOTO M KONOHHOMO
McnbiTaHUA ¢ obpaboTKoit n 6e3 0b6paboTkM nepokcugom Bogopoga (H202-0.5%). ObpaboTka
30/10TOCOAEpMKaLLel pyAbl MepoKCMAOM BOAOPOAA MPU KYYHOM BbILLENAYMBAHUM 30/10Ta
yBeANYMBaAET U3BNeYeHMe 30010Ta Ha 1,2% u coctaBaseT 55,89%, 6e3 06paboTkm — 54,69%. Mpu
3TOM YBE/MYMBAETCA Pacxos umaHuaa Hatpusa Ha 0,04 Kr/T.

Kntouesvbie cnosa: KyyHoe BbllenadvMBaHue 3010Ta, MHTEHCMUKALMA KyYHOTO BbIlLeaunBaHus,
BbllL,eNayMBaHWe 30/10Ta, NepPoKCU BOAOPOAA, OKUCIUTENb, 30/10TO.
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