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Introduction

P
rocess of heap leaching, which allows involving 

large deposits with base ores into mining, has be-

come the main factor in the development of gold 

mining around the world, and has made it possible to in-

crease gold production by 2–4 times [1–6].

Leaching of gold with alkaline cyanide solutions in the 

presence of oxygen or air is a widely used process for ex-

tracting gold from mineral raw materials [6–10]. At that, 

gold is oxidized and dissolves with cyanide present giving 

an [Au(CN)2]– complex ion. According to the equations 

of Bodlander (1) and (2) and Elsner (3), the latter is the 

sum of equations (1) and (2) [1–3, 6–7]:

2Au + 4CN– + O2 + 2H2O �
��2Au(CN)2

– + 2OH– + H2O2  (1)

2Au + 4CN– + H2O2 � 2Au(CN)2
– + 2OH–  (2)

4Au + 8CN– + O2 + 2H2O � 4Au(CN)2
– + 4OH–  (3)

However, due to the chemical, mineralogical, struc-

tural and physical characteristics of the rock as well as 

granulometric composition of the ores, the indicators of 

gold extraction by heap leaching are low [1–3, 11–13], 

and the working up of new methods for its intensification 

is a promising and topical problem.

At present, it is widely known from the literature and 

experience of gold mining factories that various chemical 

additions are used to intensify cyanidation processes, for 

example, oxygen [8–10], hydrogen peroxide [6, 14–16], 

potassium permanganate [14–17], ammonium peroxy-

sulphate and potassium peroxysulphate [3, 14–17], 

sodium hypochlorite [3, 18–19] and others [15, 19–24]. 

In [25–28], acetic acid was used to intensify the process of 

leaching the rich gold-bearing gravity concentrates.

No examples of the use of sodium acetate were found, 

but thermodynamic analysis has showed that sodium ac-

etate can react with sulphides, aide the opening of parti-

cles, and intensify the gold leaching process. In this paper, 

studied were the indicators of cyanide heap leaching of 

gold from the ore with addition of sodium acetate in order 

to increase the recovery and intensification of the process.

Experimental part 

Gold ore from the Sari Gunay deposit (Iran) was used 

for research (Fig. 1). According to the results of assay 

analysis, the average gold content in the ore is 2.90 g/t 

[29–30]. The chemical composition [29–30] is represent-

ed in Table 1.

In the ore, gold is a commercially valuable component. 

Other metals are not of industrial significance due to their 

low content. Mass fraction of total sulfur is 1.48%; that of 
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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.

Table 1.
Chemical composition of the gold ore from the Sari Gunay 

deposit

Component Content, % Component Content, %

Cu 0.009 SiO2 61.4

Zn 0.0082 Al2O3 19.7

Ni 0.0003 TiO2 0.49

Pb 0.108 MgO 0.80

Mn 0.0005 CaO 0.31

Co 0.0003 P2O5 0.21

Cr 0.0013 Fetot. 2.67

Mo 0.0001 Feox. 0.44

Hg 0.0025 FeS. 2.23

As 0.11 Stot 1.48

Sb 0.0563 Ssulfide 0.73

K2O 7.30 Ssulfate 0.75

Na2O 1.34
Sulfur

oxidation level
50.7

Table 2.
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

Fig. 1. General view of the ore form the Sari Gunay deposit
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The X-ray diffrac-

tometric analysis of the 

average samples [29–30] 

was performed on a 

DRON-4 diffracto meter 

with a Cu cathode and a 

graphite monochromator. 

Conditions for shooting 

diffractograms was the 

following: U = 35 kV; I = 

= 20 mA; scale: 2000 imp.; 

time constant was 2 s; shooting theta-2theta; detector 

2 deg/min.

Identification of mineral phases according to the X-ray 

diffractometric analysis is shown in Fig. 2, and the results 

of calculating quantitative ratio of the ore and rock mine-

rals are shown in Table 2.

It is seen from the results in Table 2 that the ore is 91% 

composed of rock-forming minerals. Orthoclase prevails 

among them by mass fraction, a significant part form 

hydro mica (28%) and quartz (23%). Associated ore mine-

rals – iron hydroxides, haematite and scorodite form in 

an average sample an amount in the order of 7.0%. The 

proportion of sulfide minerals is in the range of 1% or less. 

Almost 99% of them are pyrite. Such minerals as pyrite, 

arsenopyrite, and galena are fixed in heavy fractions in 

rare and isolated grains. Gold can also be associated with 

sulfides.

According to the electron probe analysis performed on 

a JEOL JXA–8230 Electron Probe Microanalyzer, gold in 

the ore is present in the form of fine (micron) inclusions in 

scorodite (Fig. 3, a), iron hydroxides and quartz (Fig. 3, b).

Based on thermodynamic analysis, one can assume an 

active interaction of sulfides, scorodite and iron hydro-

xides with sodium acetate in the presence of oxygen, 

which contributes to the opening of gold particles and, 

as a consequence, their interaction with a leaching-out 

cyanide solution. At the same time, sodium acetate has no 

detrimental effect upon the alkaline cyanide solution.

The reactions that can occur under heap leaching con-

ditions at a temperature of 20 oC are shown in Table 3.

The granulometric composition of the test sample is 

shown In Table 4.

Table 3 makes it clear that gold is uniformly distributed 

in the test sample, but it is mostly found in larger classes 

(–20+12 mm and –12+5 mm).

Research on the technology of heap leaching of gold

Investigations on the technology of heap leaching 

of gold were carried out in laboratory columns. Heap 

leaching of gold in columns was fulfilled in a closed 

cycle: leaching of gold from the ore with alkaline cya-

nide solutions; sorption of dissolved gold with activat-

ed 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+0 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.

The schematic diagram of the process is given in Fig. 4.

For comparison purposes, two series of research were 

conducted on heap leaching of gold from the crushed ore 

with a size of –20+0 mm with the addition of sodium ac-

etate and without that. In the first three leaching cycles, so-

dium acetate was added to the cyanide-alkaline solution. In 

subsequent leaching cycles, the addition of this reagent has 

been stopped. According to the results of previous labora-

tory studies [30], the optimal consumption of sodium ac-

etate was 0.5 kg/t.

Table 3.
Possible thermodynamic reactions of the ore components with sodium acetate 

Reaction �G, kJ

2FeS2 + 8NaCH3COO + 23.5O2(g) = Fe2O3 + 4Na2SO4 + 16CO2(g) + 12H2O –9608.4

2FeAsS + 4NaCH3COO + 14O2(g) = Fe2O3 + As2O3 + 2Na2SO4 + 8CO2(g) + 6H2O –5702.3

PbS + 2NaCH3COO + 6O2(g) = PbO + Na2SO4 + 4CO2(g) + 3H2O –2389.6

FeAsO4 + 3NaCH3COO + 5.75O2(g) = FeO + Na3AsO4 + 6CO2(g) + 4.5H2O –2445.8

Fe(OH)2 + 3NaCH3COO + 2O2(g) = Fe(CH3COO)2 + 3NaOH + 2CO2(g) + H2O –631.8

Fe(OH)3 + 2.667NaCH3COO + 1.083O2(g) = Fe(CH3COO)2 + 1.333Na2CO3 + 2.5H2O –449.6

Fe(OH)2 + 2.667NaCH3COO + 1.333O2(g) = Fe(CH3COO)2 + 1.333Na2CO3 + 2H2O –547.7

Table 4
Granulometric composition of the ore at a size of –20+0 mm

Size grade, 

mm

Size yield, 

%

Gold content, 

g/t

Gold

distribution, %

–20+12 14.53 3.41 16.23

–12+5 28.03 3.25 29.83

–5+2.5 25.87 2.98 25.24

–2.5+1 10.03 2.83 9.30

–1+0 21.54 2.75 19.40

Total 100.00 3.04 100.00

10 m

а

b

3 m

2

1

2

3

1

  1

Fig. 3. Results of the ore electron 

probe analysis:

 a — Gold (1) in scorodite 

(2), size of gold grains os 

15�5 μm. COMPO mode, 

magn. 2200; b — Gold (1) in 

iron hydroxides (2) and 

quartz (3); nearby is sco-

rodite, size of gold grains is 

1–1.5 μm. EDS mode, 

magn. 4000
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Discussion of results

The results of the investigations on leaching gold 

from the ore crushed to a size of –20+0 mm are shown 

in Fig. 5–7.

It took 15 leaching cycles to dissolve the gold. The total 

amount of the resulting productive solution without the 

reagent addition was 2.95 m3/t of the ore. That with the 

addition of sodium acetate was 2.94 m3/t.

The change in the gold concentration in productive so-

lutions during leaching is shown in Fig. 5. It is noted that 

the addition of sodium acetate at the beginning of three 

leaching cycles increases the gold content in productive 

solutions.

Fig. 6 illustrates the dependences of gold extraction 

from the ore on the leaching duration; the degree of gold 

extraction with the addition of sodium acetate (58.74%) is 

4% higher than it is in the experiments without the addi-

tion of this reagent (54.69%).

The sodium cyanide consumption for leaching without 

adding the reagent was 0.65 kg/t; it decreases by 0.06 kg/t 

when adding sodium acetate and amounts to 0.59 kg/t. 

The change in the sodium cyanide concentration and its 

consumption during leaching is shown in Fig. 7.

Table 5.
Gold balance on implementing column tests

on heap leaching of gold

Indicator Value

without 
reagent

with sodium 
acetate

Ore size, mm –20+0 –20+0

Gold extracted by activated carbon:
    g/t of ore
    %

1.57
54.13

1.69
58.27

Gold extracted at the water washing 
operations, g/t of ore 0.05 0.06

Gold brought with the analyzed
solutions, g/t of ore

0.04 0.04

Gold content in the column leaching 
tailings, g/t

1.36 1.24

Calculated gold content in the source 
ore, g/t

3.02 3.03

Degree of gold dissolution from
ore by balance, %

54.69 58.74

Expected gold extraction into
commercial product – Doré bars, %

48.95 52.57

NaCN, NaOH, Water

Pressure tank
of working solution

Sorption
column

Leaching column

Receiving tank
of productive solutions

Fig. 4. Schematic diagram of the heap leaching unit

Fig. 5. A change in the content of gold in productive solutions in the 

leaching process

Fig. 6. Dependence of gold recovery on the duration of leaching

Fig. 7. Consumption of sodium cyanide in the leaching process
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Based on the data obtained, the gold balance was cal-

culated for heap leaching of gold from the Sari Gunay ore 

deposit (Table 5).

To calculate the expected gold recovery in industrial 

conditions, the conversion factor equal to 0.9 was used to 

replace column tests with industrial operation.

The average calculated gold content in the ore accor-

ding to the results of the study is 3.02 g/t without reagent 

and 3.03 g/t with sodium acetate, which is in good agre-

ement with the results of the assay and sieve analyses of 

the ore. The expected recovery of gold into commercial 

products – Doré bars was 48.95% without a reagent and 

52.57 % with reacting sodium acetate.

Conclusions

The thermodynamic calculations revealed the possi-

bility of sodium acetate interaction reactions with com-

ponents of gold ore, such as sulfides, iron hydroxides and 

scorodite, which leads to the opening of gold and its dis-

solution in a cyanide solution.

Studies on a column unit that simulates heap leaching 

conditions have established that the use of sodium acetate 

additives at a consumption rate of 0.5 kg/t intensifies the 

leaching process of gold ore. Gold recovery from the ore 

is increased by 4% up to 58.74%; sodium cyanide con-

sumption is reduced by 0.06 kg/t. The expected recovery 

of gold into commercial products (Doré bars) was 48.95% 

without a reagent and 52.57% with reacting sodium 

acetate. 
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