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This paper shows the results of the comparative study of efficiency of gold extraction methods from technogenic 
flotation tails by agitation cyanidation and biooxidation followed by leaching. A representative sample of flotation 
tails was taken at gold extraction plant of Altyntau Kokshetau LLP. 

Experimentally, an increase in the efficiency of leaching gold from flotation tails during preliminary bacterial oxida-
tion was found. By biochemical leaching, 72 % was extracted, which is 7 % more than using expensive sodium per-
oxide and 10 % more than using the traditional method of cyanidation.
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INTRODUCTION

One of the most important areas of overcoming the 
technical and economic problems of the gold mining 
industry is the abandonment of outdated technology, de-
signed for the practically disappeared category of large 
gold. It is necessary to move to new high-tech processes 
and devices, a new environmentally friendly technolo-
gy that ensures the extraction of very thin classes of pre-
cious metals [1–4].

In recent years, researchers have paid attention to 
the development of new methods that can be competi-
tive and effective in terms of mining precious metals. 
Currently, the use of achievements in the field of bio-
technology, methods of bioleaching and bio-opening, in 
the process of which industrially valuable strains of mi-
croorganisms are used for bio-extraction of gold and as-
sociated metals from technogenic raw materials, it is the 
most acceptable and less expensive [5-8].

Therefore, research aimed at improving the efficien-
cy of gold extraction from technogenic mineral raw ma-
terials is not only of scientific and practical, but also of 
social and environmental importance.

In concerning with this depletion of gold ore depos-
its in Kazakhstan, the extraction of gold from the tail-
ings and dumps of gold recovery factories becomes rel-
evant. The technology for processing ore raw materials 
with a low content of precious metals should be inex-
pensive, ensure a sufficiently high degree and complex-
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ity of their extraction, and provide for effective meas-
ures to protect the environment.

A characteristic feature of the sample under study, as 
gold-bearing raw materials, is the low content in them 
of the main valuable component. Extraction of gold in 
industry is carried out in the ore preparation cycle 
(crushing, grinding), during the enrichment processes 
(gravity, flotation). Often, even ultra-fine grinding of 
the material does not allow to achieve the necessary de-
gree of opening, since the gold-bearing raw materials 
are very diverse in their material composition and gold 
content forms, it is needed an individual technology for 
each specific case in their processing.

TEST AND ANALYSIS 

The phase and chemical composition of the content 
of the main components of the sample was studied us-
ing a complex of modern physico-chemical methods of 
analysis, including the following types: atomic absorp-
tion spectrophotometric analysis, X-ray phase, X-ray 
fluorescence (elemental, semi-quantitative), electron 
microscopic. To perform assay, chemical, X-ray fluo-
rescence, mineralogical, X-ray spectral analyzes, pri-
vate samples with a particle size of 90% of -0,074 mm 
were selected.

The estimated gold content in the sample according 
to chemical analysis is given in Table 1.

It has been established that the sample of flotation 
tailings that was get averaged and crushed to a particle 
size of 0,074 mm contains Au — 0,65 g/t and Ag — 
1,02 g/t.

Currently, the study of the mineral composition of 
gold-bearing ores, as well as the forms in which are 
found precious metals, is not without mineralogical 
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In the sample under study, elements such as silicon, 
oxygen are largely present, and when focused on indi-
vidual fragments, iron, sulfur, and gold are noted. Thus, 
with an increase in resolution of 1500 times in the re-
sidual fragments of sulfide minerals, the spectra of gold 
associated with pyrite were recorded. 

Based on data from analytical studies, it can be seen 
that gold in the sample under study is in associations 
with both quartz and pyrite, and is present in a generally 
finely dispersed form in intergrowths, which requires a 
careful approach when choosing a method of extracting 
gold. The presence of sulphide minerals of marcasite 
and pyrite is due to the fact that these tailings were ob-
tained in the process of selective flotation, with the use 
of depressant reagents that reduce the transfer of these 
minerals to concentrate. In a number of scientific works, 
the authors considered similar types of raw materials 
and methods for their processing [9-10].

Determination of the technological 

parameters of the opening of flotation 

tailings by biochemical method

Waste of flotation benefication differs from ores and 
concentrates both in the content of the main compo-
nents, and in the content of mineral components and 
nutrient substrates necessary for the full development of 
the natural microbiocenosis. In this regard, the next 
stage of research was the study of flotation tails micro-
flora, identifying the main groups of microorganisms 
among native cultures, isolating individual bacterial 
cells, isolating active strains for further use in the pro-
cess of bioleaching gold. When conducting microbio-
logical studies one of the most important tasks is the 
selection and optimization of nutrient media. When se-
lecting media, it is necessary to take into account not 
only the components (sources of nitrogen, carbohy-
drate, protein, amino acids, vitamins) necessary for the 
growth and accumulation of biomass, but also include 
the compounds necessary for the optimum growth of 
some difficultly identifiable groups of microorganisms. 
Thus, for the isolation of chemolithotrophic and hetero-
trophic microorganisms, nutrient media were selected 
from the sample under study, which positively influ-

analysis based on modern research methods. Of the 
rock-forming minerals, quartz, feldspars, less often 
mica are noted. Associated ore components are present-
ed in Table 2.

Table 2  Characteristics of the dimensions and prevalence 

of the main components

List of main 
components

Formula of 
mineral

% of the 
studied 
minerals

Sizes, 
mkm/ 
mkm2

Quartz SiO2 46 5-150 

Magnetite Mgt FeFe2O4 35 8-10 

Marcasite FeS2 10 10-30

Pyrite Py FeS2 9 5 -20

Arsenopyrite Ars FeAsS  rare 20-27

Hematite Hem αFe2O3  rare 18-27

Bismuthin Bi2S3  rare 2 -5

Gold Au Au  rare 1,2-8,2

Total: 100

The elemental composition and presence of gold has 
been studied using scanning electron microscope - 
roentgen spectral micro analyzer (SEM-RSMA). It is 
known that scanning electron microscopy allows one to 
study directly the surface of materials and to obtain, 
with comparatively high resolution, both qualitative 
and quantitative information on the chemical composi-
tion of the object in conjunction with the surface topog-
raphy. An electron probe microscope with energy dis-
persive (EDX) and wave dispersive (WDX) analyzers is 
used to analyze the elemental composition. The results 
of topographic images of the scanning microscope are 
shown in Figure 1.

Table 1  The chemical composition of samples flotation 

tailings

Components Content
Gold (Au) fi re assay (tigel smelting) 0,65 g/t

Gold (Au) atomic absorption analysis 0,63 g/t
Silver (Ag) atomic absorption analysis 1,02 g/t
Iron (Fe) atomic absorption analysis 2,16 %
Zinc (Zn) atomic absorption analysis 0,003 %
Lead (Pb) atomic absorption analysis 0,003 %

Copper (Cu) atomic absorption analysis 0,002 %
Arsenic (As) atomic absorption analysis 0,15 %

 (a) gold particles in quartz (b) gold particles in pyrite   

Figure 1  Energy dispersive spectrometry analysis of the 
quartz and sulphide parts of the original sample of 
flotation tailings at SEM-RSMA

Figure 2  Microflora of flotation tails: photo from leicadmled 
optical microscope, gram-stained
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enced the optimal growth and development of the na-
tive microbiota. As can be seen from the Figure 2, the 
microflora is mainly represented by rod-shaped forms 
of gram-negative cells, which are arranged in pairs or 
singly.

Gold leaching experiments

For comparison, the following leaching variants 
were carried out:

Variant No. 1 - agitation leaching using NaCN 1 g/
dm3, Solid : Liquid ratio = 1:4, t 25 °С, without prior 
acid washing and bacterial dissection (control variant);

Variant No. 2 - agitation leaching - cyanidation with 
preliminary acid washing for 3 hours and bacterial dis-
section with a duration of 120 hours, Solid : Liquid ratio 
= 1:4, t 25 °С, concentration of cyanide solution 1 g/dm3, 
concentration of sulfuric acid wash solution 20 g/dm3;

Variant No. 3 - agitation leaching with using sodium 
peroxide 10 g/dm3 and solution sodium cyanide with a 
concentration of 1 g/dm3, Solid : Liquid ratio = 1:4, t 25 
°С, with a preliminary acidic washing without bacterial 
opening;

Variant No. 4 - agitation leaching using NaCN 1 g/
dm3, Solid : Liquid ratio = 1:4, t 25 °С, with prior acid 
washing.

 After filtration, the resulting solution was submitted 
for chemical analysis to determine the gold content, the 
cake was subjected to drying and further bacterial dis-
section (variants No. 1 and No. 2). The experimental 
results are shown in Table 3.

From the data it can be seen that during normal cya-
nidation without prior acid washing and bacterial dis-
section, part of the cyanide is spent on the extraction of 
accompanying elements, such as copper, iron, arsenic, 
zinc. It also leads to a decrease in the extraction of the 
main valuable component - gold. Preliminary acid 
washing of the sample with subsequent neutralization 
allows to transfer a significant part of the interfering im-
purities in the acid solution, which increases the effi-
ciency of further cyanidation. Thus, with conventional 
cyanidation, gold recovery amounted to 55,1 %, and 

during cyanidation with preliminary acid washing, it 
was 60,7 %. The use of sodium peroxide as an addi-
tional oxidizing agent, in combination with a prelimi-
nary acid washing, made it possible to extract 63,9 %. 
The use of the bacterial culture of A. Ferrooxidans in 
the preliminary oxidation of the raw material under 
study, later on during cyanidation, made it possible to 
achieve the maximum, compared to other options, gold 
recovery rate – 73,4 %. As a result of the experiments, a 
method was developed for the extraction of gold from 
the flotation tailings, including pretreatment of flotation 
tailings with sulfuric acid and A. Ferrooxidans bacterial 
solution for 120 hours, followed by neutralization of the 
acidic medium and cyanidation. 

CONCLUSIONS

In the process of research, the most acceptable bio-
chemical method for treating flotation tailings was es-
tablished - including preliminary acid washing, subse-
quent bacterial oxidation, neutralization, and cyanida-
tion. The degree of extraction of gold from the flotation 
tailings during biochemical leaching reached 73,4 %, 
which is 9,5 % more than with the use of a chemical 
oxidant sodium peroxide. In addition, the bacterial solu-
tion is less expensive and non-toxic in comparison with 
the oxidizing agent - sodium peroxide. Spent biochemi-
cal solutions, after measuring the residual living cells of 
bacteria and their nutrients, can be regenerated and re-
used. Also, with the accumulation of sufficient concen-
trations of non-ferrous metals in waste solutions after 
acid washing, their further processing by hydrometal-
lurgical technologies for producing copper and zinc is 
possible.
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