Complex Use of Mineral Resources. 2025; 335(4):50-58 ISSN-L 2616-6445, ISSN 2224-5243

# Crossref @SS
DOI: 10.31643/2025/6445.39
Metallurgy

Effect of amino acids on the extraction of copper from
sub-conditional raw materials

1Abdulvaliev R.A., *Surkova T.Yu., Baltabekova Zh.A., 'Yessimova D.M., 2Stachowicz M.,
'Smailov K.M., "*Dossymbayeva Z.D., ‘Berkinbayeva A.N.

nstitute of Metallurgy and Ore Beneficiation JSC, Satbayev University, Almaty, Kazakhstan
2 Wroclaw University of Science and Technology, Wroclaw, Poland

“Corresponding author email: z.dosymbaeva@satbayev.university

ABSTRACT

The decrease in the quality of mineral raw materials processed by industry, as well as the increase
in requirements for environmental protection, necessitate the development of new directions in
the technology of their processing. Biogeotechnology refers to one of the modern areas of
scientific and technological progress in the field of processing mineral raw materials. Biologically
active additives are increasingly used along with the use of microorganisms in the extraction
processes for non-ferrous and precious metals, in particular amino acids which are an integral part

Received: May 28, 2024 of the culture liquid of microorganisms. The processes of sulfuric acid leaching of copper from low-
Peer-reviewed: June 28, 2024 grade ore in the presence of amino acids of different structures and their effect on copper
Accepted: September 13, 2024 electrolysis were studied. Low-grade ore from one of the Kazakhstan deposits was used as the

starting raw material. The copper content in the ore is 0.39%. The diffusion nature of the
restrictions was established during the study of the kinetics of the process of sulfuric acid leaching
of copper, and the rate constants and value of the effective activation energy were calculated,
which amounted to 1.817 kJ/mol. The effect of amino acids with different structures on the
leaching process was studied. The positive effect was increased in the glycine - leucine - cysteine -
histidine - asparagine series. Depending on the structure of the amino acid, the degree of copper
extraction into the solution increases in the range of 1-15%. The effect of aminoacetic acid as a
biologically active additive on the process of electrolysis of copper from poor solutions was
studied. It was established that the process is inhibited by the reduction of monovalent copper to
the metallic state in the presence of glycine.
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Introduction

Currently, SX-EW technology (leaching - liquid
extraction - electrochemical reduction) is widely
introduced into the world industry to process low-
grade copper ores. It involves sulfuric acid leaching
of the original ore [1]. The copper extraction degree
into solution depends primarily on the composition
of the original ore. This method is most suitable for
oxidized ores. Up to 90% copper can be extracted
into solution from oxidized ores during sulfuric acid
leaching [2]. Biooxidation is used along with sulfuric
acid leaching for ores with more complex
mineralogical composition, in particular for sulfide
and mixed ores. Biooxidation is an attractive
alternative to traditional physical and chemical
methods of ore beneficiation, due to the reduced
resource intensity of the technology and less
harmful effects on the environment [[3], [4]].
Biotechnology for the extraction of copper from low-
grade ore was first introduced on an industrial scale
in 1982 at the Lo Aguirre copper mine of Sociedad
Minera Pudahuel (Chile). Then a similar process was
introduced at 17 enterprises, including 10 mines in
Chile, as well as in the USA, Peru, and Australia [5].

Such metals as copper, uranium, nickel and gold
are obtained with the use of biohydrometallurgy
[[6], [7], [8]]. The basis of biohydrometallurgical
technologies are the microbial oxidation processes
for hard-to-open minerals by acidophilic
microorganisms [9]. The use of microorganisms in
the processes of extraction of non-ferrous and
precious metals can significantly increase the
complexity of the use of raw materials and ensure
effective environmental protection.

At the same time, some works dedicated to the
leaching of low-grade copper-containing ores in the
presence of amino acids, which are an integral part
of the culture fluid during bioleaching, appeared
recently.

The authors studied the leaching of chalcopyrite
concentrate from the Sarcheshmeh copper mine
(Kerman, Iran) in a solution of aminoacetic acid
(glycine) in the presence of oxygen [[10], [11]]. The
effect of such parameters as glycine concentration
(0.4-2 M), temperature (30-90 °C), stirring speed
(250-750 rpm), pH (9-12), oxygen consumption (0.5
-2 |/min) and pulp density (1-20%) was studied.
Research was performed to extract copper from
chalcopyrite concentrate. The results show that an
increase in temperature from 30 to 60 °C increases
copper recovery, while at temperatures above 60 °C,
there is a decrease in copper recovery, probably as a

result of the conversion of glycine to glycinate and a
decrease in oxygen solubility. Moreover, long
leaching times at higher pH levels (10.5 and 12)
result in decreased copper recovery, primarily due
to the chemical precipitation of copper sulfide and
crystallization of copper glycinate. When pulp
density increases from 1 to 20%, copper recovery
decreases significantly. According to the results
obtained, the authors recommend using glycine
leaching under optimal conditions in the presence of
oxygen for the processing of low-grade chalcopyrite
concentrates and ores, as well as tailings shows the
efficiency of leaching copper contained in low-grade
ores in a solution of 0.1 mol/dm? sodium chloride, in
the presence of 0.05 mol/dm3 glycine or aspartic
acid at a temperature of 80 °C for 15 hours [12]. The
copper extraction degree achieved was 90%. The
object of study was ore crushed to a particle size of
2-3 mm with a copper content of 1.0%. Good results
were also obtained with the use of phenylalanine
hydrochloride, serine hydrochloride and protein
hydrolysates. Baker's yeast was used with a crude
protein content of 52% and nucleic acids of 5.8% to
obtain protein hydrolysates. Copper recovery was at
least 92%. It was established that the ability of
protein hydrolyzate to interact with copper ions is
due to its amino acid composition, i.e. the high
content of aspartic acid and glycine.

Thus, it follows from the above sources that
bioleaching is increasingly introduced into the
technological process; however, bioprocesses are
quite lengthy. Besides, they require adaptation of
microorganisms to environmental conditions, and
therefore, copper leaching study with the use of
substandard ores with sulfuric acid in the presence
of amino acids, and the effect of their structure on
the leaching process characteristics, is of great
interest.

The final stage of SX—EW technology is copper
electrolysis. The process conditions continuously
change during its electrolytic separation from dilute
solutions in a periodic mode: with a decrease in
copper concentration, the limiting current density
continuously decreases, and it increasingly exceeds
the limit while maintaining a constant electrolysis
current density, and the evolution of hydrogen
becomes more and more intense [13]. It is especially
noticeable during the extraction of copper from
waste electrolytes and poor solutions. In addition to
reducing process performance, there is a negative
impact of released gases (sulfur dioxide and
hydrogen in large quantities) on the environment. At
the same time, describes new methods for the
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formation of electrolytes using amino acids as
buffering, complexing and surfactant additives for
nickel [14]. They help to reduce the negative burden
on the environment without compromising the
quality of the final product.

In connection with the above, the purpose of
this work is to study the influence of amino acids, in
particular, their structure on the degree of leaching
of copper with sulfuric acid from substandard ores,
as well as on its electrolytic reduction from sulfuric
acid solutions.

Experimental part

Research methods. Test experiments intended
to leach the original copper ore were performed to
determine the optimal conditions for its leaching. A
unit including a reactor with a mechanical stirrer of
the PE 8399 brand from Ekros was used to leach the
original ore. Optimal conditions were established.
They are sulfuric acid concentration — 40 g/dm?3,
room temperature, process duration — 4 hours, S:L
ratio = 1:4.

The leaching process kinetics was studied by
transfer of a solution of sulfuric acid in the amount
of 0.1 dm? (acid concentration was 40 g/dm?3) and
ore in a ratio S:L = 1:4, as well as the specified
amount of amino acid, in 0.25 dm? conical flasks. The
concentration of aminoacetic acid (glycine) was
0.05, 0.1 and 0.5 M/dm?3, and that of leucine,
asparagine, histidine and cysteine was 0.5 M/dm?.
The flasks were hermetically sealed, and their
contents were intensively mixed on an orbital
shaker. The number of flasks was equal to the
number of samples taken during the sorption
process and corresponded to the number of points
on the graph. All experiments were performed in
duplicate. The result was equal to the average value.
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Figure 1 — Unit for copper electrolysis
1 - electrolysis bath; 2- cathode; 3 — anode;
4 — rectifier; 5 — electrolyte

Copper electrolysis was performed in a unit
schematically shown in Figure 1. Stainless steel was
used as the anode, and lead was used as the anode.
The concentration of copper sulfate was 1 g/dm3
and glycine - 0.05-0.5 M/dm?.

Analysis methods

The quantitative content of copper was
determined in leaching solutions of the original ore,
as well as during the electrolysis process with the
use of an Optima 8000DV inductively coupled
plasma (ICP) atomic emission spectrometer.

X-ray diffraction data of the ore were obtained
with a D8 Advance diffractometer (Bruker AXS
GmbH) with a cobalt anode, a - Cu radiation, and X-
ray fluorescence data - with a Venus 200
“PANalytical” wave-dispersive spectrometer.
Diffraction patterns were interpreted, and
interplanar distances were calculated with EVA
software. The samples were interpreted, and phases
were searched with the use of the “Search/match”
program with the ASTM card database.

The method of scanning electron microscopy
(SEM) and X-ray spectral microanalysis (XMA) was
performed on a JEOL device - JXA-8230.

Substandard ore was used during the research.
It was crushed to a particle size of 0.071 mm.
Comprehensive studies of this ore were previously
performed using X-ray fluorescence, chemical, and
X-ray phase analysis, as well as scanning electron
microscopy (SEM) and X-ray spectral microanalysis
(XMA). The main component of the ore is quartz
according to phase analysis (Table 1), i.e. the ores
are dominated by silicate rocks, with smaller
quantities containing clinochlore, muscovite, albite
and microcline.

Table 1 - Phase composition of ore from the Bayskoye
deposit

Name Formula Content, %
Quartz, syn Si02 39.4%
Albite Na(AISi308) 21.5%
Microcline,

intermediate KAISi308 16.8%

Clinochlore-1Mlib, 11.4%

ferroan

(Mg, Fe)6(Si,Al)4010(0H)8

Muscovite-2M1 KAI2(AISi3010)(0OH)2 10.8%

The elemental composition of the ore is
presented in Table 2. It follows from there that the
main elements are creamium, potassium, calcium,
sodium, magnesium and iron.
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Table 2 - Results of X-ray fluorescence analysis of the
initial ore of the Bayskoye deposit

Based on the results obtained with the use of the
Arrhenius equation, the copper leaching rate
constants presented in Table 3 and the effective

(o] N M Al Si P S cl K C Ti . .
’ ¢ ' ° ' activation energy were calculated. It was 1.817
56. 14 1.3 7.0 25. 0.0 11 0.0 1.8 0.7 0.6
142 | 13 |85 | 77 | 813 | 78 | 42 | 27 | 37 | 53 | 14 kJ/mol.
Table 1.2.3 — Values of copper leaching rate constants at
Mn | Fe | Cu | Zn | As | Rb | Sr | zr | Ni Pb different temperatures and their logarithms
0.0 3.0 0.6 0.0 0.0 0.0 0.0 0.0 0.1 0.007
18 06 26 4 14 11 11 12 75 Leaching rate T, K
constant
293.0 313.0 333.0
The ore, along with copper, also contains zinc
ng PP . K- 10*, sec? 4.61 5.18 5.66
and lead according to scanning electron microscopy
and X-ray microanalysis (Fig. 2), i.e. the ore is lgK -3.337 -3.285 -3.247

classified as polymetallic, and the host rock, along
with silicates, includes chlorides and antimony
compounds. The copper content in the ore sample
was 0.39% according to chemical analysis.
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Figure 2 — Results of scanning electron microscopy and
X-ray microanalysis
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Figure 3 — Kinetic curves of copper leaching with sulfuric
acid solution, temperature, °C: 1 - 20; 1 - 40; 3 - 60.

The kinetics of the copper leaching process from
this raw material with sulfuric acid was studied in the
process of studying the physical and chemical
patterns of dissolution of non-ferrous metals. Figure
3 shows the kinetic curves of copper leaching at
temperatures of 20, 40, and 60 °C.

|— k0

The calculated value of the effective activation
energy (1.817 kJ/mol) indicates that the limiting
stage of the leaching of copper compounds is
diffusion.

In practice, there are several methods intended
to remove diffusion inhibition. It is an increase in
temperature, the speed of mixing the solution, and
the use of surfactants.

It can be assumed that amino acids will also
prove to be an additive that stimulates the process
because the formation of copper complex
compounds with amino acids is possible according to
the literature. It can help to increase the degree of
copper extraction into solution [[15], [16]].

The effect of amino acid concentration, using
glycine as an example, on the kinetics of copper
leaching was studied during the research. The
glycine concentration was 0.05 and 0.5 M/dm3. The
results obtained are presented in Table 4. It follows
from Table 4 that the main amount of copper is
leached during the first two hours. The copper
extraction degree increases as the concentration of
amino acids increases. When the glycine
concentration increases from 0.05 to 0.5 M/dm?3, the
degree of copper extraction increases from 64.8 to
75.1%.

Table 4 - Dependence of the degree of copper extraction
on the concentration of glycine in the solution.

Extraction rate, %
Time of Glycine concentration, M/dm3
0 0.05 0.1 0.5
30 39.9 42.1 45.5 48.1
60 50.3 53.3 57.8 62.8
120 55.4 57.6 66.4 70.1
240 60.2 62.2 69.5 73.9
360 61.9 64.8 70.9 75.1

53 ——
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Studies were performed for the leaching process
of this ore in the presence of the following amino
acids: cysteine, histidine, asparagine and leucine, to
identify the effect of the amino acid structure on the
degree of copper extraction. The results obtained
are presented in Figure 4, and it follows from it that
the copper extraction degree during the leaching
process increases in the presence of amino acids
located in the line of glycine - leucine — cysteine -
histidine - asparagine, i.e., the opposite relationship
is observed in comparison with the gold leaching in
the presence of amino acids [[17], [18], [19], [20]].

80
70
60
50
40
30
20
10

0

PNWR OO

Extraction, %

0 1 2 3 4
Time, hour .
Figure 4 - Effect of amino acid structure on the degree of
sulfuric acid leaching of copper.
1-blank; 2-asparagine; 3- histidine; 4-cysteine;
5- leucine; 6-glycine

It can be assumed based on the results obtained
that if the effect of the amino group in the resulting
complexes predominates during cyanide leaching of
gold then there is the effect of the carboxyl group,
on the contrary, during leaching copper with sulfuric
acid, i.e. the higher the contribution of ionic bonding
to the formation of copper complexes with amino
acids, the higher the positive effect of the amino acid
on the copper extraction degree during sulfuric acid
leaching. Consequently, aliphatic amino acids have
the strongest effect on copper leaching.

The effect of aminoacetic acid (glycine) on the
electrolytic reduction of copper was studied with the
use of model solutions as an example. We focused
on the copper content in poor electrolytes. The
concentration of copper and sulfuric acid was 1.0
and 100 g/dm3, respectively. CuSO, - 5 H,0 was used
to prepare the model solution.

Electrolysis was performed on the unit shown in
Figure 1. In the first stage, the optimal electrolysis
time was determined. The duration of the
experiments was sequentially 0.5; 1.0; 2.0; 4.0 and

6.0 hours, current density 0.2 A/m2. The resulting
kinetic curve is presented in Figure 5.

100
80
60
40
20

0
0 1 2 3

Extraction, %

Time, hour

Figure 5 — Kinetic curve of copper electrolysis
It follows from the figure that the optimal duration of
the process is 2 hours

Study of the sediment after 2 hours of
electrolysis by the X-ray phase method showed that
metallic copper was its basis. Besides, it contains a
small amount of cuprous oxide and copper sulfate
pentahydrate (Table 5). This composition of the
sediment may indicate a staged reduction of copper.

The divalent copper ions are reduced first to the
monovalent state, and then to metallic copper:

Cu? +e = Cu'
Cut +e = C°
Cu?2 +2e = CU°

Partial adsorption of the original electrolyte
takes place in addition.

After 4 hours, the sediment also contains lead,
along with copper. This fact indicates that by this
time there is a partial dissolution of the anode - lead,
which forms lead sulfate and is partially deposited
on the cathode (Table 6). The data obtained once
again confirm the fact that the optimal duration of
copper electrolysis should be considered to be 2
hours at a given current density.

Table 5 - Composition of the cathode deposit after 2
hours of electrolysis

Name Formula Content, %
Copper Cu 88.9
Cuprite, syn Cu20 7.4
Chalcanthite, syn CuS04:5H,0 3.7

—— 54 ——
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Table 6 - Composition of the cathode deposit after 4
hours of electrolysis

Table 8 - Results of X-ray phase analysis of the cathode

product (glycine concentration 0.1 M)

Copper electrolysis was performed at the next
stage under the same conditions in the presence of
aminoacetic acid - glycine. The glycine concentration
was 0.1 and 0.5 M. The results obtained are
presented in Figure 6.

100
80 =32
60
40
20

0
0 1 2 3 4 5

Extraction, %

Time, hour

Figure 6 - Kinetic dependence of copper electrolysis in
the presence of glycine
Amino acid concentration:
1- in the absence of an amino acid; 2 - 0.1M; 3 - 0.5M

As it follows from the figure, the presence of
glycine in the solution increases the recovery time of
copper, i.e. glycine in this case plays the role of a
depressant. It is confirmed by X-ray phase analysis
data (Table 7, 8), according to which the process is
inhibited by the reduction of monovalent copper to
the metallic state.

Table 7 - Results of X-ray phase analysis of the cathode
product (glycine concentration 0.5 M)

Name Formula Content, %
Copper(l) oxide | Copper Cu20 57.2%
Oxide

Copper Cu 33.5%
Chalcanthite, syn Cu2S04-5H,0 9.3%

Name Formula Content, % Name Formula Content, %
Cuprite, syn Cu 72.5 Copper(l) oxide | Copper Cu20 31.1%
Oxide
Anglesite, syn Pb(S0a4) 13.4 Copper Cu 59.1%
Copper Cu,0 11.1 Chalcanthite, syn Cu2504-5H20 8.8%
Kobyashevite CuS04-5H,0 3.0 . . . . .
Thus, amino acids as bio-additives play a positive

role in the leaching of copper from low-grade ore,
and they are depressants of the copper reduction
process during electrolysis. An increase in the
concentration of amino acids increases the
inhibition of the discharge of copper ions.

Conclusions

Biohydrometallurgical technologies are widely
used for the production of non-ferrous and precious
metals. The use of microorganisms can significantly
increase the complexity of the use of raw materials
and ensure effective environmental protection.
Recently, bio-additives, in particular amino acids,
which are an integral part of the culture liquid of
microorganisms, are increasingly used in the
production cycle, along with microorganisms.

The effect of amino acids on the leaching and
subsequent electrolysis of copper from low-grade
copper-containing ore, which includes quartz, albite,
microcline, clinochlore, and muscovite, was studied.
The copper content in the ore is 0.39%. The kinetics
of the ore-leaching process with sulfuric acid was
studied. The diffusion nature of the restrictions was
established with the use of the Arrhenius equation,
and the rate constants were calculated.

The effect of amino acids with different
structures on the leaching process was studied. It
was shown that the concentration of the amino acid,
as well as its structure, affects the degree of copper
extraction that decreases in the line of glycine -
leucine - cysteine - histidine - asparagine.

The final stage of hydrometallurgical copper
processing is electrolysis. It was found based on a
study of the use of aminoacetic acid - glycine as an
additive to the electrolyte during the electrolysis
process that its presence inhibits the process of
reduction of monovalent copper to the metallic
state.

Thus, amino acids, predominantly of the
aliphatic series, play a positive role as biological
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additives in the leaching of copper from low-grade
ore, and they act as depressants for the copper
reduction process during electrolysis, and an
increase in the concentration of amino acids
increases the inhibition of the discharge of copper
ions.
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AMUH KbIWKbINAAPbIHbIH, Canacbl TOMeH lI.IMKi3aTTapAaH MbIC anyfa acepi

'A6pynsanues P.A., 'Cypkosa T.10., 'bantabekosa }.A., 'Ecumosa .M., Stachowicz M.,

1Cmaunnos K.M., }flocbimbaesa 3.4,., 'bepkuHbaesa A.H.

1 Memannypaus xaHe KeH 6alisimy uHcmumymel AK, Cambaes yHusepcumemi, Aamamel, KazakcmaH
2 Bpousas folbiM ¥aHe mexHoA02us yHugepcumemi, Bpounas, Monswa

TYWIHAEME

Makana kengi: 28 mameip 2024
CapantamagaH eTTi: 28 mayceim 2024
Kabbinganabl: 13 Keipkyliek 2024

OHEepPKICINTIK XONMMEH eHAeNeTiH MUHepanabl WKKi3aT canacbiHblH TOMeHAeYi, COHbIMEH KaTap
KOpLUafaH OpTaHbl KOpfay TananTapbiHbIH, apTybl OonapAbl ©HAey TEeXHONOTMACHIHbIH, KaHa
6afbITTapblH  AambITyabl KaxKeT eTedi. buoreotexHonormsa MuHepanablk LWWKI3aTTbl eHaey
canacblHAAFbl FbIIbIMU-TEXHWUKANbIK NPOrpecTiH, Kasipri 3amaHfbl 6afbITTapbiHbIH, bipiHe KaTagpl.
TycTi »KaHe acbln meTangapgpbl any npouecrepiHae MUKPOOPraHM3Maepai KoNAaHyMeH KaTap,
6uonoruanbik, HenceHai Kocnanap, atan aWTKaHAA MUKPOOPraHWM3MAEPAiH, CYMbIKTbIFbIHbIH,
Kypamzac 6eniri 60abin TabbliaTblH aMMHKBIWKbINAAPbI KebipeKk KongaHbliagbl. DpTypAi
KYPbIIbIMAAFbl aMUH  KbIWKbIIAAPbIHbIH, KATbICbiIHAAQ TOMEH Canasibl KeHHEH MbICTbl KYKipT
KbILWKBIJILIMEH LWamanay npouecTepi, COHAal-aK onapapblH, MbiC 31eKTPOAK3iHe acepi 3epTTeng,.
Bactankpbl LWMKIi3aT peTiHAe Ka3aKCTaHAbIK KEH OpblHAAPbIHbIH, BipiHiH TeMeH cananbl KeHi
nangananoingpl. Kenaeri moic menwepi 0,39% kypanabl. LWekteynepaiH anddysumanbik cunatol
MbICTbI KYKIpT KbILKbI/IbIMEH LWaimanay NpoueciHiH, KMHETUKACbIH 3epTTey KesiHge 6enrinexin,
JKbINGAMAbIK, KOHCTaHTanapbl MeH Tuimai 6enceHaeHaipy sHeprusacbl ecentengi, on 1,817
KOK/Monb 6ongpl. KypblabiMbl apTypAi aMUHKbIWKbIAAAPbIHLIH, Waimanay npoueciHe acepi
3epTTengi. OH, acepaiH Kofapbliaybl MUUUH — NEeWUMH — LUCTEUH — TUCTEAMH — acnaparvH
KaTapblHAA KepceTinreH. AMUH KbILKbIIbIHbIH, KYPblbIMbIHA 6aiinaHbICTbl epiTiHAIre MbICTbIH,
anblHy papexeci 1-15% apanbifblHAa apTaabl. Keael epiTiHainepaeH MbICTbl 31EKTpPoAM3aey
npoueciHe 6uonoruanbik benceHai Kocna peTiHAe amMMHCIPKe KbIWKbIbIHbIH, acepi 3epTrengi.
[NMUMHHIH, KaTbiCybiMeH 6ip BaneHTTi MbICTbl MeTanaplk Kyire KenTipy apKblabl npouecc
TexeneTiHi aHbIKTanabl.
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BanAaHMe aMUHOKUCNOT Ha U3BNeYeHne meam U3 HEKOHAULMOHHOIO CbipbA
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1Cmaunos K.M., 1flocbimbaesa 3.4,., 'bepkuHbaesa A.H.
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MNoctynuna: 28 masa 2024
PeueHsnpoBaHue: 28 utoHA 2024
MpuHATa B nevatb: 13 ceHmabpsa 2024

AHHOTAUMA
CHMKeHMe KayecTBa nepepabaTbiBaemMOro NpPOMbILW/IEHHOCTBIO MUHEPANbHOTO CbiPbA, a TaKke

yBennyeHne TpeboBaHWI K OXpaHe OKpy)Katowein cpeabl obycnaBnmBaloT HeobXxoAMMOCTb
pa3paboTKM HOBbIX HaNpPaBAEHMUI B TEXHONOMMM UX NepepaboTKu. BuoreoTexHoNOrMsA OTHOCUTCA K
OQHOMY M3 COBPEMEHHbIX Hanpas/ieHWW Hay4YHO-TEXHWYECKOro nporpecca B obnactu
nepepaboTKn MUHEPaNbHOrO CbipbA. Hapagy ¢ NnpUMMeHeHMeM MUKPOOPraHW3MOB B MpoLeccax
N3BNEYEHMA LBETHbIX U 6N1aropogHbIX MeTan1o0B BCe LMPEe UCMONb3YIT BUONOrMYECKN aKTUBHbIE
[06aBKM, B YaCTHOCTW, aMUHOKWUCIOTbI, KOTOPbIe ABAAIOTCA COCTAaBHOW YacTblo KyNbTypasbHOMN
KUAKOCTU MUKPOOPraHNM3MOoB. Hamu paccMOTpeHbl NPOLECChl CEPHOKUCNOTHOTO BblLLeNavYnBaHUA
MeAM U3 HU3KOCOPTHOM pyAbl B MPUCYTCTBUM aMUHOKMUCIOT Pa3HOM CTPYKTYPbI, @ TaKKe BAUAHME
WX Ha 3N1EKTPO/IM3 Meau. B KauecTse MCXO4HOTO CblPbsA UCNONb30BaN HU3KOCOPTHYIO pyAy OAHOMO
13 KasaxcTtaHcKux MmectopoxkaeHuit. CoaeprkaHune meau B pyge -0,39%. WccneposaHuem
KMHETUKM npoLecca CepHOKUCNOTHOMO BbilLeNauymMBaHUA Meam ycTaHoBneH AUbOY3MOHHbIN
XapaKTep OrpaHUMYeHWUi, PaccynTaHbl KOHCTAHTbI CKOPOCTM U 3HavyeHWe 3pPeKTUBHON sHeprum
aKTMBaumu, KoTopoe coctaBuio 1,817 kOK/Monb. M3y4yeHO BAMAHME aMUHOKMCIOT PasHOW
CTPYKTYpbl Ha mpouecc BbllenaymBaHuA. MoKasaHO yBe/NMYEeHUE MNONOKUTENbHOTO BAUAHUA B
pAagy: rUUMH — NeruMH — LUCTEUH - TUCTeAMH, - acnaparvH. B 3aBMCMMOCTM OT CTPYKTYpbI
AMWHOKMUCNOTbI CTENEHb U3B/IEYEHNA MeAM B PacTBOP YBesMumBaeTca B npeaenax 1-15%. N3yueHo
BAIMSIHNE aMUHOYKCYCHOW KWUCNOTbl B KauyecTBe BMONOrMYEcKM aKTMBHOM [06aBKM Ha mpouecc
3/1EKTPOIM3a Meaun U3 BefHbIX PacTBOPOB. YCTAHOBNAEHO, YTO B NPUCYTCTBUM TMLMHA NpoLecc
TOPMO3UTCA BOCCTAHOBAEHNEM OAHOBANEHTHOM Meau 0 METalIMYECKOro COCTOAHMUA.

Knrouesble cnosa: meppb, BbiWwenaymsaHue, MUHepasibHOEe  Cbipbe, AMUHOKUCNOTbI,
MUKPOOPraHM3mbl.
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