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Research of hydrometallurgical method of leaching
gold from flotation tails with using bio-oxidation
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Abstract. This paper shows the results of the comparative study of the 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. It was established that in the test
sample contains 0.47 g / t Au and 0.62 g / t Ag. The gold extraction degree from flotation tailings with 80% content
of 0.071 mm fraction was 50%, and that with 90% content of 0.071 mm fraction was 60%. Gold extraction plant's
flotation tailings grinded to 0-0.044 mm fraction with sodium peroxide were subjected to pre-oxidation. The gold
extraction degree from flotation tailings with 90% content of 0.044mm fraction at a solid-liquid ratio of 1:4 and a
cyanide concentration of 1 g/dm?3is 65.2%. By using an active strain of thionic cultures the gold extraction degree
was 72.1%.
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Introduction

The development and mastering of the
technology for extracting gold from accumulated
technogenic mineral objects, primarily from dumps,
tailings, the water of gold recovery plants and
industries are particular importance for many gold
mines in which the raw material reserves of
conditioned ores are close to depletion. In this
regard, the relevance of this area of research is due

to the presence in our country's a large number of
poor gold ores and their production waste, which is
a potential reserve for increasing gold production.
One of the most important areas of overcoming
the technical and economic problems of the gold
mining industry is the abandonment of outdated
technology, designed for the practically disappeared
category of large gold. It is necessary to move to
new high-tech processes and devices, a new
environmentally friendly technology that ensures
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the extraction of very thin classes of precious metals
[1-9].

In recent years, researchers have paid
attention to the development of new methods that
can be competitive and effective in terms of mining
precious metals. Currently, the use of achievements
in the field of biotechnology, methods of
bioleaching and bio-opening, in the process of
industrially valuable strains of microorganisms are
used for bio-extraction of gold and associated
metals from technogenic raw materials, it is the
most acceptable and less expensive [10-19].

Therefore, the research aimed at improving
the efficiency of gold extraction from technogenic
mineral raw materials is not only of scientific and
practical but also social and environmental
importance.

In concerning with this depletion of gold ore
deposits in Kazakhstan, the extraction of gold from
the tailings and dumps of gold recovery factories
becomes relevant. The technology for processing
ore raw materials with a low content of precious
metals should be inexpensive, to ensure a
sufficiently high degree and complexity of their
extraction, and provide for effective measures to
protect the environment.

A characteristic feature of the sample under
study, as gold-bearing raw materials, is the low
content in the main valuable component. The
extraction of gold in the 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 degree 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.

Methods of conducting technological
experiments

The phase and chemical composition of the
content of the main components of the sample was

studied by using a complex of modern physico-
chemical methods of analysis, which including the
following types: atomic absorption
spectrophotometric analysis, X-ray phase, X-ray
fluorescence (elemental, semi-quantitative), electron
microscopic. To perform the assay, chemical, X-ray
fluorescence,  mineralogical,  X-ray  spectral
analyzes, private 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 - 0.47 g/t and
Ag - 0.62 g/t. The content of the main and impurity
components in the samples are characterized by the
spectral analysis data shown in Figure 1.

As a result of IR spectrophotometry, it was
revealed that o-SiO, quartz is present in the
spectrum - 1086, 797, 777, 694, 464, 397, 373 cm™,
muscovite KAI;[(OH, F);| AlSiz010] — KAI>[(OH,
F)2| AlSisO10] — 3618, 1031, 534, 476, 429 cm?,
oligoclase — (Cap.1- 0.3, Nags-0.7) (Al, Si) Si-Og— 1008,
760, 728, 646, 534, 464, 429 cm, microcline —
K[AISisOg] — 1141, 1086, 777, 728, 646, 608, 584,
534, 464, 429 cm, carbonates — 1418, 874 cm™.
The valent vibrations of Fe** — O (in silicates,
carbonates) manifest themselves in the range of 400-
300 cmt; Fe?* — O (silicates, carbonates) — 373, 330
cm™. Cu* — O bonds (in salts) — 266 cm™.

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 analysis based on modern research
methods. Associated ore components are presented
(Table 2):

- quartz (SiOy) — 46%;

- sulfides: marcasite (FeS;) -10%, pyrite
(FeSz2)- 9%, (FeS,) and bismuthin (Bi,Ss3) are very
rare.

- iron oxides and hydroxides: magnetite
(FeFe,04) — 35%, hematite (aFe.0s), goethite/
hydroheterite (HFeO,/HFeO, - ag) are present in
insignificant amounts.

Table 1 — The chemical composition of samples flotation tailings

Components Content
Gold (Au) fire assay (tigel smelting) 0.47 g/t
Gold (Au) atomic absorption analysis 0.43 g/t
Silver (Ag) atomic absorption analysis 0.62 git
Iron (Fe) atomic absorption analysis 1.86 %
Zinc (Zn) atomic absorption analysis 0.003 %
Lead (Pb) atomic absorption analysis 0.003 %
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Copper (Cu) atomic absorption analysis
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Figure 1 Infrared spectrum of the initial sample of flotation tailings

Results and discussion

Micrographs of related components and gold
particles are detected which shown in Figures 2-5.

As a result of mineralogical studies, it was
established that the particle size of fine-dispersed
gold particles in free form is Au 2.5%3.9 microns, in
aggregations the particle size of Au particles is 1.2-
8.2 microns, and it is also in fine-dispersed form.
The shape of the grains is irregular, isometric. The
color of gold is bright yellow. Gold in the flotation
tailings is in associations with aggregates of quartz
(a hydrophobic mineral).

The elemental composition and presence of gold
have been studied using SEM-RSMA. It is known
that scanning electron microscopy allows to study
directly the surface of materials and to obtain, with
comparatively high resolution, both qualitative and
guantitative  information on the chemical
composition of the object in conjunction with the
surface topography. An electron probe microscope
with energy dispersive (EDX) and wave dispersive
(WDX) analyzers are used to analyze the elemental
composition. The results of topographic images of
the scanning microscope are shown in Figure 6.

Table 2 - Characteristics of the dimensions and prevalence of the main components

. . Chemical formula of | % of the studied | Component  sizes,
List of main components . . )
mineral minerals mkm/ mkm

Quartz SiO, 46 5-150
Magnetite Mgt FeFe;04 35 8-10
Marcasite FeS, 10 10-30
Pyrite Py FeS; 9 5-20
Arsenopyrite Ars FeAsS rare 20-27
Hematite Hem aFe,03 rare 18-27
Goethite/ Hydroheterite /Fe HFeO,/ HFeO,-ag rare 30 -40
Bismuthin Bi2S3 rare 2-5
Gold Au Au rare 1,2-8,2
Total: 100
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Figure 2 Finely dispersed gold in association with waste rock and bismuthin

Y 2
Bi 2.2x5.4 mkm

A Bx4 () mk
Gold in quartz Gold in splice with bismuthin in quartz

Gold in quartz Au in waste rock (feldspar)

Figure 3 - Finely Dispersed Gold in Association with Waste Rock and Bismuthin
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Figure 4 - Fine-dispersed gold in association with quartz

In the sample under study, elements such as
silicon, oxygen are largely present, and when
focused on individual fragments, iron, sulfur, and
gold are noted. Thus, with an increase in resolution
of 1,500 times in the residual fragments of sulfide
minerals, the spectra of gold associated with pyrite
were recorded. Next, to obtain results on the phase
composition of the sample under study, modern
spectroscopic methods of investigation were used -
X-ray fluorescence and X-ray phase analyzes (Table
3). Studies of X-ray fluorescence analysis showed
that samples of flotation tailings have the following
composition, %: Si - 14.2; Fe - 12.7; Ca - 12.9; S -
4,8; Al - 2.1; Na - 0.7; Zn-0.3; Pb - 0.3; Mg - 0.2;
Cu - 0.1; As - 0.02. As a result of X-ray phase
analysis, it was found that the composition of the
sample contains the following mineral compounds:
guartz - 35.7%, clinochlore - 11.1%, muscovite -
5.8%, calcite - 10.0%, dolomite - 15.2%, albite -
14.3%, pyrite - 7.9%.

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 because these tailings were obtained in the
process of selective flotation, with the use of
depressant reagents that reduce the transfer of these
minerals to concentrate. In several scientific works,

Table 3 Phase composition of flotation tailings

the authors considered similar types of raw
materials and methods for their processing [20-23].
Selection of nutrient media and optimal
growing conditions for the cultivation of
microorganisms. Determination of the technological
parameters of the opening of flotation tailings by the
biochemical ~ method. =~ Waste of flotation
beneficiation differs from ores and concentrates
both in the content of the main components 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
microflora, identifying the main groups of
microorganisms among native cultures, isolating
individual bacterial cells, isolating active strains for
further use in the process of bioleaching gold. The
conducting microbiological studies one of the most
important tasks is the selection and optimization of
nutrient media. The selecting media is not only the
necessary to take into account not only the
components (sources of nitrogen, carbohydrate,
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 heterotrophic

microorganisms, nutrient media were selected from
the sample under study, which positively influenced
the optimal growth and development of the native
microbiota.

Figure 5 - Rare particle of free fine-dispersed gold

Quartz, syn SiO; 35,7
Clinochlore Mga.882F€0.22Al1.881Si2.96010(OH)s 111
Muscovite Ko.932Al2(Alo.932Si3.068010) ((OH)1.724F 0.256) 5,8
Calcite CaCO3; 10,0
Dolomite CaMg(COs); 15,2
Albite, low Na(AlSizOg) 14,3
Pyrite, syn FeS; 7,9
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Figure 6 - EMF Analysis of the quartz and sulphide parts of the original sample of flotation tailings at SEM-RSMA

It is known that various microorganisms take
part in the microbiological processes occurring in
the tailing dumps. Therefore, various selective
media were used to detect the above groups of
bacteria, respectively. To identify acidophilic
thionic bacteria in the microflora of the object under
study, the elective nutrient media were prepared -
Silverman and Lyundgren's 9K media with different
concentrations of iron (5 and 44.2 g/l) pH ~ 2.5-3.0;
media 9KS pH ~ 1.5; Leten's media pH ~ 4.0; To
count for thionic bacteria, Waxman's media pH is ~
4.0 For the detection of saprophytic heterotrophic
groups of microorganisms, the FPB media (fish
peptone broth) and FPA (fish peptone agar) pH ~
7.0-7.4 was used, as well as to account for
microscopic fungi Chapek’s media pH ~ 4.0 and
yeast-like fungi Saburo's media pH ~ 6.5.

In the process of cultivation, in addition to the
main components that make up the prescription
basis of differential media, other parameters were
also taken into account, such as temperature,
aeration, redox potential and pH, purity of reagents
and sterility of the used nutrient media.

Based on this, and scientific achievements of
other researchers, optimal conditions were selected
for the cultivation of aboriginal strains and the
laboratory strain of acidophilic bacteria: temperature
conditions of 18 — 20° C under the conditions of a
thermoshaker or thermostat depending on the
allocated groups of microorganisms, mixing speed
200-250 t.p.m., the amplitude of rotation 5.

The analysis showed that after 7 days, an active
growth of heterotrophic groups of microorganisms
was observed, the color of the nutrient medium
changes from light yellow to brown, the surface of
the medium was covered with a thin film, a
precipitate forms on the bottom of the flask, and a
specific smell was observed. To establish the
morphological features of the bacteria, present in the
sample, a microslip was prepared with further Gram
differential staining. The results are shown in Fig. 7.

As can be seen from the figures, the microflora
is mainly represented by rod-shaped forms of gram-
negative cells, which are arranged in pairs or singly.
Before the start of the main experiments, the
regularity of the influence of such parameters as the
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size class of pulp, the concentration of cyanide and
the ratio Solid: Liquid was analyzed. Indicators of
ratios

gold extraction at different of these

parameters are shown in table 4.

5

A)- in petri dishes; B) - photo from leicadmled optical
microscope, gram-stained
Figure 7 - Microflora of flotation tails

So, it was found that the optimal choice of the
ratio Solid: Liquid will be a ratio equal to 1: 4. The
optimal concentration of sodium cyanide was 0.1%,
a further increase in concentration to 0.2% no longer
leads to a significant increase in gold recovery rates.
As an optimal sample particle size, the best option is
to grind it to a size class of - 0.071 mm at least 90%.
It is about reaching this fineness of grinding that
there is an increase in the rate of gold extraction by
10% (~ from 50% to 60%). Ultrafine grinding to a
particle size of 0.044 mm does not give a significant
increase in gold extraction, also such grinding is
difficult under production conditions. However, it
was decided to test one version of a sample of this
size in combination with an oxidizing reagent.

The next stage of the work was tasked with
comparative testing a biochemical method for
extracting gold from flotation tailings. For
comparison, the following leaching variants were
carried out:

Variant No. 1 - agitation leaching using NaCN
1 g/dm?3, Solid: Liquid ratio = 1:4, without prior acid
washing and bacterial dissection (control variant);

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

Variant No. 3 - agitation leaching with using
sodium peroxide 10 g/dm*® and solution sodium
cyanide with a concentration of 1 g/dm?® Solid:
Liquid ratio = 1:4, with a preliminary acidic
washing without bacterial opening;

Variant No. 4 - agitation leaching using NaCN
1 g/dm3, Solid: Liquid ratio = 1:4, 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 dissection (variants No. 1 and No.
2). Next, the second stage is a bacterial dissection
for 5 days with a bacterial solution of A.
Ferrooxidans containing Fe**-5 g/dm?3, the number
of bacteria is 10° cells/ml. For the accumulation of
A. Ferrooxidans biomass for the purpose of their
subsequent use of bacterial dissection, a nutrient
media was prepared for bacteria A. Ferrooxidans:
FeSOs - 5 g/dm?; (NH4).SOs - 1.5 g/dm?; MgSO, -
0.5 g/dm?; K;HPO, - 0.5 g/dm?; H,SO4 - 1 ml/dm3,
The ratio of Solid: Liquid with bacterial dissection
was also set in a ratio at 1:4.

Table 4 Indicators of gold extraction at different ratios
solid: liquid

Size | NaCN, Solid : Liquid ratio

class % 1:1 1:2 1.3 | 1.4 | 15
0.1 0,05 | 157 | 24,2 | 275 29,7 | 30,9
mm 01 | 27,4 | 365 | 416 | 44,6 | 452
90% | 02 | 30,1 | 382 |419 455|481
0071 | 005 | 181 | 254 | 294|324 |346
mm 01 | 302 | 37,3 | 433|503 505
80% | 02 | 336 | 38,7 |451 520|538
0071 | 005 | 196 | 263 |323 433|441
mm 01 | 31,2 | 38,0 |44,1|60,1 |60,
90% | 02 | 354 | 40,5 | 455 | 60,2 | 60,5
0044 | 005 | 238 | 29,7 |32,8 456 | 46,4
mm 01 | 353 | 41,4 | 456 | 60,6 | 61,0
90% | 02 | 37,7 | 444 | 470|610 613

During the entire period of bacterial dissection,
daily sampling of the solution was carried out in
small quantities (1-2 ml), in order to assess the
activity and viability of microorganisms, and also
determined the change in pH and ferric
concentration (Table 4). Upon completion of the
bacterial dissection, the solution obtained after
filtration was analyzed for the content of gold and
related elements, and the cake after drying was used
for the next stage, cyanidation.

The third stage - cyanidation was carried out
with a solution of NaCN 1 g/dm? (variants No. 1 and
2) and cyanidation with solutions of hypochlorite
and sodium cyanide with a concentration of 1 g/dm3
(variants No. 3 and No. 4) for 24 hours. After the
cyanation process, filtration was carried out, the
resulting solution and the cake were sent for
chemical analysis to determine the content of gold
and accompany metals to determine the degree of
the extracted noble metal, which passed into the
cyanide solution after the agitation leaching. Results
in the extraction of gold, as well as the
concentration of accompanying metals in the
solution, are presented in Tables 5-6.

As shown from table 4, in the process of
bioleaching there is an intensive growth of bacterial
cells, the number of which on the 5th day of reaches

— 3y ——
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5.9x10". At the same time, the pH of the pulp
decreases to 1.8 and the concentration of ferric iron
is 7.6 g/dm3, whereas in the initial solution was 2.8
g/dm®, which indicates that the ferrous iron
gradually becomes trivalent due to the active
oxidation of iron by acidophilic bacteria.

Table 5 Characterization of the growth and cultivation of
bacteria in the leaching solution

Parameters Initial indicator Indicator
after 5 days
pH 2,2 1,8
Eh, mV 897 821
Fe*, g/dm?3 2,8 7,6
Fetotal, g/dm3 2,8 7,6

From the data, it can be seen that during
normal cyanidation without prior acid washing and
bacterial dissection, 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 transferring a

significant part of the interfering impurities in the
acid solution, which increases the efficiency of
further cyanidation. Thus, with conventional
cyanidation, gold recovery amounted to 57.41%,
and during cyanidation with preliminary acid
washing, it was 62.1%.

The use of sodium peroxide as an additional
oxidizing agent, in combination with a preliminary
acid washing, made it possible to extract 65.2%.
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 - 72.0%. 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. On the basis of the
obtained data, a technological scheme was
developed for processing this type of raw material,
shown in Figure 8.

Table 6 - Extraction of gold and impurities of other elements into solutions with different variants

. Extraction of elements in lution, %

Options = o tractio Igee ements into sAoSuto , =
Solute after acid washing 78.02 5.53 18.43 2.16 0.0
Solute after bacterial dissection 67.39 5.70 92.49 4.68 0.0
Variant 1 (Final productive solute) 82.94 1.73 66.70 14.04 57.41
Variant 2 (Final productive solute) 3.11 0.23 8.84 1.44 72.0
Variant 3 (Final productive solute) 1.06 0.16 6.26 1.33 65.2
Variant 4 (Final productive solute) 1.61 0.28 13.63 0.25 62.1

Raffinate Cu-Zn<=0.1g/dm?

Flotation tails,
90% size class — 0.071 mm

!

preliminary acid washing,
H,SO, — 2%, 3 hours

Filtration

Cu-Znzlg/dm?®

(Cu, Zn, Fe, H,SO))

Solution

/I—le >1g/dm3

Regeneration

Hydrometallurgy of
non-ferrous metals,
Cu/Zn extraction

I pulp drying I

Bio-dissection by 4. Ferrooxidans,
10°¢ cells/cm?, 120 hours

Filtration

Solution
with residual
bacterial cells ‘1'

Pulp, pH-parameter regulation,
pH=10.5-11.0

Cyanidation, NaCN - 0.1%,
24 hours, pH= 10.5-11.0,
Solid: Liquid ratio = 1:4

P )

Gold-containing Solid precipitate,
solution (for sorption clearance for CN,
and other following neutralization.
technological stages)

Figure 8 - Scheme of the biochemical method of gold recovery from the flotation tailings of the gold production plant
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Conclusions

Thus, from the obtained data on the study of
gold-bearing raw materials - dump flotation tailings,
the following main conclusions are formulated:

Physical and chemical properties, mineralogical
composition of the technological sample of flotation
tailings were studied using modern methods and
analytical instruments of research. Electron
microscopic and mineralogical studies have
established the presence of gold by irregular,
isometric morphology in fine form in free form and
intergrowths, with a particle size of 2.5%x3.9 microns
and 1.2-8.2 microns, respectively, gold grain, it is
also found as a residual sulfide mineral and quartz.

The main studied element in the composition of
the samples studied is gold, and to the chemical
method of analysis it was revealed that the gold
content in the initial sample is in the range of 0.43-
0.47 g / t, the accompanying element of silver is
0.62 g/ t. As a result of X-ray phase analysis, it was
found that the main rock-forming minerals are
guartz - 35.7%, dolomite - 15.2%, albite - 14.3%,
and the presence of residual sulfides in the form of
pyrite - 7.9%;

The expediency of preliminary removal of non-
ferrous metal and iron impurities by sulfuric acid
washing was confirmed, which makes it possible to
increase the efficiency of cyanidation;

The positive effect of preliminary oxidation of
the technological sample, contributing to the
additional extraction of gold from residual
sulphides;

The optimal concentration of 9K nutrient
medium for Acidithiobacillus Ferrooxidans strains
used for bio-opening of the flotation tailings was
selected, the adaptation of the bacterial culture to
this raw material was analyzed.

The most accepted biochemical method of
processing flotation tailings has been established -
including preliminary acid washing, subsequent
bacterial oxidation, neutralization and cyanation.
The degree of extraction of gold from the flotation
tailings during biochemical leaching reached 72%,
which is 6.8% more than with the use of a chemical
oxidant sodium peroxide. In addition, the bacterial
solution is less expensive and non-toxic in
comparison with the oxidizing agent - sodium
peroxide. Spent biochemical solutions, after
measuring the residual living cells of bacteria and
their nutrients, can be regenerated and reused. Also,
with the accumulation of sufficient concentrations
of non-ferrous metals in waste solutions after acid
washing, their further processing by
hydrometallurgical technologies for producing
copper and zinc is possible.

Acknowledgements

This work was financially supported by the
Ministry of Education and Science of the Republic
of Kazakhstan within the framework of grant and
program-targeted financing of the Ministry of
Education and Science of the Republic of
Kazakhstan ~ (No.  AP05130143 and  No.
BR05236406).

Cite this article as: Koizhanova A.K., Toktar G., Craig E. Banks., Magomedov D.R., Kubaizhanov A.A.
Research of hydrometallurgical method of leaching gold from flotation tails with using bio-oxidation. //
Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a. = Complex Use of Mineral Resources = Mineraldik
Shikisattardy Keshendi Paidalanu. - 2020. Ne 3 (314), pp. 28-39. https://doi.org/10.31643/2020/6445.24

BnoToTbIKTLIPYAbI KONAaHa oTbIpbIN anTbiHAbI dnoTauuanbIK KanabikTapaaH
epiTiHgineyaid rmapomMmeTannyprusinbIik 94iCiH 3epTTey

KomxaHoBa A. K., Tokrap I'., Fpeur 3. BaHkc, Maromegog 1. P., Ky6aixaHoB A. A.

Tyiiinaeme. Makanaja aaTbIHAB TEXHOTEHIIK QIIOTANMS KAIABIKTAPbIHAH arMTAlUSIIBIK THAHUATEY SIICIMEH alTy IbIH
JKOHE aJ/IbIH aja OMOTOTBHIKTHIPY OMICIMEH aJIyJIbIH CaJbICTBIPMANbl 3epTTEY HOTHXKENepl KenTipinreH. ProTanusuibik
KaJbIKTapabIH yirici «AnteiHTay Kexmeray» JKIIC antein eHaipy ¢aOpukackiHaH anblHABL. TeKcepiireH chlHamasa
0,47 v/ T Au xone 0,62 r / T Ag 6ap exenairi ansikranabl. 80% 0,071 MM ipiik kinackiHAAFb! ((HpaKIUSCHIHIAFHI)

JIOTalWsl KaJABIKTApbIHAH AaJITHIHHBIH AJbIHY JICHIeHi ) aiinel, an o 0, MM (ppaKIUsACBIHAA
p y i 50% Kyp 90% 0,071 P

60%

Kypaiiasl. 0 — 0,044 MM dpakuusiceiHa NeHiH YHTaKTaIFaH alThiH eHIIpeTiH GaObpuKkaHblH (QIOTANMSAIBIK KAIbIKTaphl

HanI/Iﬁ l'[epOKCI/II[iMeH AJIAbIH aJla TOTBIKTBIPbUIABI. KaTTLI 3aTTbIH C¥I7H)IKK3 KaTbIHACHhI

1:4 >xoHE IMaHUN
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xoHuenTpaiuscel 1 r/ am® Gonranma QuoTanus KambIKTapbiHbH ipimiri 0,044 MM 90% (pakuusAChIHAH AITHIHHBIH
aneiHy pspexeci 65,2% xypaiinel. THOHIBI AaKbULAApABIH O€JCceHi IITaMAapblH KOJJAHFaHIA AJTHIHHBIH AaJbIHY
neHreiti 72,1% Kypassl.

Ty#inai ce3aep: aXTbH THIPOMETAILUTYPTUACH, ONOJIOTHSUTBIK €PITIHAINEY, (IIOTAIN KaABIKTaphl, ONOTOTHIKTHIPY.

UccnepoBaHue rmapomMeTannypruyeckoro MetToaa BbillenaymBaHus 3o05oTa U3
XBOCTOB (hfioTaumm ¢ UCnonb3oBaHUEeM GMOOKUCIIEHUA

KomxaHoBa A. K., Toktap I'., Fpeur 3. BaHkc, MaromegoB 1. P., Ky6amxaHoB A. A.

AnHoTanus. B cratbe npuBeneHbI pe3yiIbTaThl CPABHUTEIBHOIO UCCIIEJOBAaHUS S((PEKTUBHOCTH METOJIOB M3BJIICYCHUS
30JI0Ta W3 TEXHOTEHHBIX XBOCTOB (MJIOTAIlMM METOJOM AaruTalMOHHOTO IIMaHMPOBAaHHMA W C TPEIBAPUTECIHHBIM
6uookucienueM. [IpencraButensHBIN 00pas3en XBOCTOB (IIOTAMH OBLT B3ST Ha 30JI0TOM3BIEKaTenbHON (pabpuke TOO
«AnteiaTay Kokmmeray». YcTaHOBIIEHO, 4TO B HcciexyemMoM obOpasie comepxkutcs 0,47 v/ T Aum 0,62 T/ T Ag.
CTereHp W3BICYCHMS 30JI0Ta M3 XBOCTOB (iotaunu ¢ copepxanuem 80% kimacca kpymHoctu (¢dpaxuun) 0,071 mm
cocraBmsuia 50%, a ¢ comepxanueM 90% kinacca kpymHoctd (¢pakiuu) 0,071 mm cocraBmsuia 60%. OiroTanuOHHBIE
XBOCTBI 30JIOTOM3BJICKATEIbHON (adpuku, u3MenpueHHbIe 10 ¢pakiuu 0-0,044 MM, OABEpPraaich NMPEABAPUTEIEHOMY
OKHCJICHHIO NepeKuchlo HaTpusi. CTerneHb M3BJICYEHHUS 30J10Ta U3 XBOCTOB QuioTanuu ¢ coaepxanueM 90% dpaxiun
0,044 MM IIpH COOTHOIIEHMH TBEPJOTO BEIECTBA M KMAKOCTH 1: 4 U koHUeHTpamuu nuanupa 1 v/ am3 cocrasnser
65,2%. IIpu ncnonp30BaHUM AKTUBHOTO IITAMMAa THOHHBIX KyJbTYp CTEIEHb U3BJICUCHHS 30J10Ta cocTaBmia 72,1%.
KaioueBble ci10Ba: ruIpoMeTauTyprist 30J10Ta, OMOJIOrMYECKOe BhIIEIaunBaHUE, XBOCTHI (DIIOTAIMHU, OMOOKUCIICHUE.
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