ABTOpnap Typanbl MasniMeTTep

Naypa Kapnkbizbl KaxbirenaumeBa — PhD pgoktopaHT  kadeapbl «XUMUS KOHE 3KOIornsa»
kadenpacbiHblH PhD pgoktopaHThl; Cemen kanacbiHbiH Llskepim aTtbiHoafbl yHMBepcuTeTi, KasakctaH
Pecnybnukaceol; e-mail: lauka_nurik2014@mail.ru. ORCID: https://orcid.org/0000-0002-1031-7234.

BuHyp XabacoBHa MycabaeBa* — xvMusa fbinbiMAapbIHbIH KaHauaaTtel, [egarorvkanslk MHCTUTYT
npodpeccopsl, AcTaHa Xanblkapanblk YHUBEPCUTETI, KasakctaH Pecny6nukachi; e-mail:
mussabayevabinur@gmail.com. ORCID: https://orcid.org/0000-0003-2209-1209.

Axmapan Ymup6ekoBHa UcaeBa — Gronorusa fbifbiMAapbiHbIH, AOKTOPbLI, Npodeccop, JKonorus
XoHe Owuonorma F3WN  pgupektopbl; LbiMkeHT YHuBepcuteTi, KasakctaH Pecnybnukacel; e-mail:
akmaral.issayeva@bk.ru. ORCID: https://orcid.org/0000-0001-8323-3982.

Anbdupa HypxkaHkbi3bl CabutoBa — PhD, «Xumusi xxeHe akonorusi» kageapachiHblH MEHrepyLUici;
Cewmen kanacbliHbIH LLakapim aTbiHaarbl yHuBepcuteTi, KasakctaH Pecnybnukachl; e-mail: alfa-1983@mail.ru.
ORCID: https://orcid.org/0000-0002-3360-7998.

Batuaw MykaHoBHa CunbibaeBa — 6uonorvs fbiNbiMAapbIHbIH, kaHavaaTsl, «KongaHnbans
Buonorusay kadeapacsiHbiH, goueHTi; Alikhan Bokeikhan University, Kasakctan Pecnybnukacel; e-mail:
batiyashsilybaeva@mail.ru. ORCID: https://orcid.org/0000-0001-8904-1754.

Information about the authors

Laura Kazhygeldiyeva — PhD student of the department «Chemistry and ecology»; Shakarim
University of Semey, Republic of Kazakhstan; e-mail: lauka nurik2014@mail.ru. ORCID:
https://orcid.org/0000-0002-1031-7234.

Binur Mussabayeva — Candidate of Chemical Sciences, Professor of Pedagogical Institute, Astana
International University, Republic of Kazakhstan; e-mail: mussabayevabinur@gmail.com. ORCID:
https://orcid.org/0000-0003-2209-1209.

Akmaral Issayeva — Doctor of Biological Sciences, Professor, Director of the Research Institute of
Ecology and Biology; Shymkent University, Republic of Kazakhstan; e-mail: akmaral.issayeva@bk.ru. ORCID:
https://orcid.org/0000-0001-8323-3982.

Alfira Sabitova — head of the department «Chemistry and ecology»; Shakarim University of Semey,
Republic of Kazakhstan; e-mail: alfa-1983@mail.ru. ORCID: https://orcid.org/0000-0002-3360-7998.

Batiyash Silybayeva — Candidate of Biological Sciences, associate professor of the department
«Applied Biology», Alikhan Bokeikhan University, Republic of Kazakhstan; e-mail: batiyashsilybaeva@mail.ru.
ORCID: https://orcid.org/0000-0001-8904-1754.

lMocmynuna e pedakyuro 09.09.2024
lMocmynuna nocrne dopabomku 13.09.2024
lMpuHsma k nybnukayuu 16.09.2024

https://doi.org/10.53360/2788-7995-2024-3(15)-47 )by 20 |

W) Check for updates

MPHTW: 31.25.23

B. Kenzhaliyev?, T. Ketegenov?, K. Kamunur?3, A.Batkal®>*, R. Nadirov??®
1Satbayev University, Institute of Metallurgy and Ore Beneficiation,
050010, Shevchenko str., 29/133, Almaty, Kazakhstan
?Institute of Combustion Problems,

050012, Bogenbay batyr str., 172, Almaty, Kazakhstan
3Al-Farabi Kazakh National University,

050040, Al-Farabi ave., 71, Almaty, Kazakhstan
e-mail: abatkalova@mail.ru

EFFICIENT COPPER EXTRACTION FROM CHALCOPYRITE USING THE
«GLYCOLIC ACID — ETHYLENE GLYCOL - SODIUM LAURYL SULFATE» SYSTEM

Abstract: This research explores a sustainable and efficient method for extracting copper from
chalcopyrite, utilizing an innovative leaching system composed of glycolic acid, ethylene glycol, and sodium
lauryl sulfate (SLS). The optimal conditions identified were 1,0 M glycolic acid, 20% (v/v) ethylene glycol, 0,8%
(w/v) SLS, and a temperature of 75°C, achieving up to 85% copper recovery. Glycolic acid plays a dual role,
promoting the breakdown of the chalcopyrite structure and stabilizing copper ions in the solution. SLS improves
the leaching efficiency by disrupting the passivating sulfur layer, allowing for better solution penetration.
Additionally, ethylene glycol prevents the precipitation of sulfur, further enhancing the process. The
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combination of these components creates a synergistic effect that improves copper recovery while minimizing
environmental impact. The findings suggest that this leaching system could serve as a sustainable and efficient
alternative to the traditional pyrometallurgical methods, offering potential applications in industrial copper
recovery processes.

Key words: chalcopyrite; copper recovery; leaching; glycolic acid; ethylene glycol; sodium lauryl sulfate.

Introduction

Copper is an important metallic substance required in various fields such as electronics,
building and transportation. Wrought metal also embodies various beneficial properties like high
electrical and thermal conductance, or prevention from being corroded and so on, hence it is widely
used in the manufacture of electric wirings, plumbing’s and many more. The recovery of copper from
its primary ores, especially copper grades of chalcopyrite (CuFeS,), thus needs to be carried out for
all countries. But together with the common mass concentration of copper ores operationally used
today, the pyrometallurgical procedure of copper recovery involves some significant drawbacks
regarding energy and environmental aspects [1-4].

Pyrometallurgy techniques inherently produce greenhouse gas emissions which is
unacceptable in hydrometallurgical processes. In addition to this, the way it is directed now
pyrometallurgy is not effective in the treatment of waste materials because of high energy
consumption particularly now that fossil fuels are being done away with. These disadvantages have
aroused the new technologies which do not use toxic and wastes to be disposed of for copper metal,
thus the rise of hydrometallurgy [5-9].

Hydrometallurgy, which involves the use of aqueous chemistry for metal extraction, offers
several advantages over pyrometallurgy, including lower energy requirements, the ability to operate
at ambient pressure and temperature, and a reduced environmental footprint [10-12]. However, the
hydrometallurgical recovery of copper from chalcopyrite is notoriously challenging. Chalcopyrite, the
most common copper-bearing mineral, exhibits a high resistance to leaching, primarily due to its
complex crystal structure and the formation of a passivating layer of elemental sulfur throughout the
leaching. This sulfur layer acts as a barrier, preventing the leaching solution from effectively
penetrating and dissolving the copper within the mineral matrix.

Over the years, various strategies have been explored to overcome the leaching resistance of
chalcopyrite [15-18]. High-temperature pressure leaching, bioleaching using microorganisms, and
the use of potent oxidizing agents like hydrogen peroxide have shown some success. However,
these methods often involve high costs, complex operational requirements, or extended processing
times, limiting their practical application on an industrial scale.

In recent developments, the use of non-polar organic solvents has garnered attention as a
means to enhance chalcopyrite leaching [17-19]. These solvents, particularly ethylene glycol, have
demonstrated the ability to disrupt the formation of passivating sulfur layers, thereby improving
copper recovery rates. Ethylene glycol, a widely available and cost-effective solvent, has been
shown to interact with the mineral surface, preventing the formation of a continuous sulfur layer and
facilitating the extraction process.

In addition to solvent selection, the use of surfactants has been identified as a key factor in
improving leaching efficiency. Surfactants such as sodium lauryl sulfate (SLS) can reduce the
surface tension of the leaching solution, enhancing the wetting of the mineral surface and promoting
better interaction between the leaching agents and the mineral. SLS has also been reported to alter
the adsorption behavior of sulfur species on the mineral surface, further aiding in the leaching
process.

Given these promising findings, this study aims to investigate the potential of a novel leaching
system that combines glycolic acid, ethylene glycol, and sodium lauryl sulfate (SLS) for the efficient
recovery of copper from chalcopyrite. Glycolic acid is selected for its strong chelating properties and
its ability to dissolve metal ions, while ethylene glycol and SLS are incorporated to enhance the
overall leaching efficiency. The study will focus on optimizing key process parameters, including acid
concentration, temperature, and leaching duration, to achieve maximum copper recovery.

By exploring the synergistic effects of glycolic acid, ethylene glycol, and SLS, this research
seeks to develop a more sustainable and economically viable hydrometallurgical process for copper
recovery. The findings from this study could provide valuable insights into improving the efficiency
of copper extraction from chalcopyrite and potentially pave the way for the broader adoption of
environmentally friendly leaching technologies in the metallurgical industry.
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Materials and Methods

Materials

The chalcopyrite sample used in this study was ground to a particle size of less than 74 ym to
increase the surface area available for leaching. The glycolic acid (= 99% purity) was used as the
primary leaching agent. Ethylene glycol (= 99% purity) was and served as the solvent to enhance
the leaching process. Sodium lauryl sulfate (SLS) (= 99% purity) was used as a surfactant to improve
the wetting of the mineral surface. Distilled water was used for all solution preparations and
washings.

Leaching Procedure

The leaching of chalcopyrite sample were performed out in batch reactors, utilizing 200 mL
round-bottom glass vessels fitted with magnetic stirrers to ensure uniform mixing. The reactor
temperature was controlled using a thermostatic water bath. Leaching solutions were prepared by
dissolving the required amount of glycolic acid in distilled water, followed by the addition of ethylene
glycol and SLS in specified ratios. The concentrations of glycolic acid ranged from 0,5 M to 1,5 M,
ethylene glycol was used in concentrations ranging from 10% to 30% (v/v), and SLS concentrations
was maintained at 0,8% (w/v).

For each experiment, 5 grams of chalcopyrite was added to 100 mL of the leaching solution in
the reactor, maintaining a solid-to-liquid ratio of approximately 5%. The temperature was varied from
25 to 75 °C. Samples were taken every 30 minutes, to monitor the leaching progress. Each sample
was filtered to separate the solid residue from the leachate.

Analytical techniques

The elemental composition of both the solid and liquid phases was determined using a Savant
AA spectrometer (GBC, Malaysia). Before analysis, the solid samples underwent a preliminary
digestion process with concentrated nitric acid (HNO3) at a temperature of 90-95°C and a pressure
of 9-10 atm. This digestion was performed using the Tank-Eco microwave decomposition system
(Sineo, China), ensuring complete breakdown of the solid matrix for accurate elemental analysis
[18].

X-ray diffraction (XRD) patterns of the initial chalcopyrite and the leaching residues were
collected using a D8 Advance diffractometer (Bruker, Germany). The instrument operated with CuKa
radiation at 40 kV and 40 mA, providing detailed phase identification and structural analysis. The
scanning was performed over a wide 20 range to ensure accurate detection of crystalline phases,
and the resulting patterns were analyzed to compare the mineralogical composition before and after
the leaching process[18].

All measurements of copper content in solid and liquid samples were carried out in three
replicates. In all cases, the variation did not exceed 3%. The graphs showing the dependence of
copper extraction into solution on experimental conditions were constructed using the average
values of copper concentration in the solution.

Results and Discussion

Characterization of initial copper concentrate

The chemical composition (wt. %) of the concentrate was: Cu 25,7, Fe 24,1, Si 10,9.

Chalcopyrite (CuFeS;) and quartz (SiO2) have been identified as crystalline phases in the
starting concentrate according to XRD analysis (Fig.1).
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Figure 1 — XRD pattern of chalcopyrite sample

Visually, the concentrate appeared as a finely dispersed powder with a grayish-golden hue
and a characteristic metallic luster, indicating a high content of copper sulfides. Light, matte
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inclusions were observed within the powder, corresponding to quartz impurities. The visual
homogeneity of the concentrate suggested a uniform phase distribution, which could facilitate a
consistent and efficient leaching process.

Leaching experiments

Effect leaching conditions on copper recovery

Within this period, ranging from 0 to 60 minutes, all three acid concentrations (0,5 M, 1,0 M,
1,5 M) showed an increase in copper recovery. For the 30th minute, copper recovery is 34% for
0,5 M, 41% for 1,0 M, and 47% for 1,5 M. Indeed, the result has shown that with the increment in
acid concentration, copper leaching had been performed more efficiently in the first stage. At 60
minutes, copper recoveries further increased to 49% for 0,5 M, 54% for 1,0 M, and 57% for 1,5 M,
which stipulates that the leaching process continued accelerating. During the intermediate period,
between 60 to 120 minutes, copper recovery further increases at a slow rate. During the end of
the 90th minute, the recovery rates were 64% for 0,5 M, 67% for 1,0 M, and 68% for 1,5 M. The
uptrend follows through to the 120-minute mark and attains the percentages of recovery: 69% for
0,5 M, 79% for 1,0 M, and 81% for 1,5 M. Conspicuously, the deviation between the 1,0 M and 1,5
M copper recoveries is starting to widen at this moment, where 1,5 M has the better performance.
The last stage is the recovery, which, after 120-210 minutes, slowly approaches a plateau. Within
the 150th minute, recoveries reach 70%, 81%, and 84% for 0,5 M, 1,0 M, and 1,5 M, respectively.
Additional slight increments up to the 210th minute result in the stabilization of copper recovery at
72%, 84%, and 86% recovery for 0,5, 1,0, and 1,5 M, respectively. Increasing the concentration of
glycolic acid favored the increase of copper recovery, with the highest gains at higher
concentrations. However, at 120 minutes, the rate of increase becomes minimal since complete
leaching has taken place, and any further increase in the acid concentration becomes almost
negligible.
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Figure 2 — Effect of glycolic acid concentration on copper recovery into solution at 75°C in the
presence of 30% (v/v) ethylene glycol and 0,8% (w/v) SLS

Since raising the acid concentration beyond 1,0 M did not significantly influence copper
extraction into the solution, subsequent experiments were conducted using this acid concentration.

Figure 3 illustrates the impact of ethylene glycol content in the solution on copper extraction,
while the other experimental parameters were kept constant: temperature at 75°C, glycolic acid
concentration at 1,0 M, and SLS concentration at 0,8% (w/v).

100

90 -
nnnnnnn

80 L e Y AL %

= 70 - e
N F - e .
= p e
o 60 -~ —
8 50 P
|- e -
H o Concentration of ethylene glycol
T 40 + _." % (uf
@ e o 10 % (v/v
230 A (viv)
8 20 | ,':.»’( 20 % (v/v)
LAty
10 & 430 % [v/v)
0

0 3IIJ SIIJ E‘IJ 12IIJ 150 150 2‘;0
Time, min
Figure 3 — Effect of ethylene glycol concentration on copper recovery into solution at 75°C in the
presence of 1.0 M of glycolic acid and 0,8% (w/v) SLS

At the beginning of the leaching, copper extraction increases noticeably with higher ethylene
glycol concentrations. After 30 minutes, copper recovery reaches 31% with 10% ethylene glycol,
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39% with 20%, and 40% with 30%. By the 60 minute, extraction rises to 42% for 10% ethylene glycol
and 54% for both 20% and 30%. This trend of increasing copper extraction continues further. By 90
minutes, copper recovery climbs to 57% for 10% ethylene glycol, and 69% for both 20% and 30%.
At 120 minutes, extraction reaches 61% for 10% and 80% for both 20% and 30%. After 120 min of
leaching, copper recovery begins to level off. At 150 minutes, recovery stands at 67% for 10%, 81%
for 20%, and 82% for 30%. By the end of the 210-minute period, extraction reaches 75% for 10%
ethylene glycol, 84% for 20%, and 85% for 30%. Subsequent experiments were carried out with 20%
(v/v) ethylene glycol in the solution.

It was important to identify the effect of temperature on copper extraction during leaching.
Higher temperatures accelerate the dissolution of minerals, and enhance the rate of copper
extraction. However, it is also essential to determine the optimal temperature at which the process
yields the highest copper recovery without causing unnecessary energy consumption or potential
degradation of the leaching agents.

Figure 4 shows the effect of temperature on copper recovery from chalcopyrite in the presence
of 1,0 M of glycolic acid, 20% (v/v) ethylene glycol and 0,8% (w/v) SLS.
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Figure 4 — Effect of leaching temperature on copper recovery into solution in the presence of 1.0 M
of glycolic acid, 20% (v/v) ethylene glycol and 0,8% (w/v) SLS
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The temperature has a significant effect on the rate of copper extraction. At the lowest
temperature of 25°C, copper recovery reached only 14% after 30 minutes and gradually increased
to 27% after 210 minutes. When the temperature is increased to 50°C, copper recovery improves
markedly. After 30 minutes, recovery doubles to 28%, and by 120 minutes, it reaches 49%, more
than double the recovery at the same time point for 25°C. At the highest temperature tested, 75°C,
the copper recovery is even more pronounced. After just 30 minutes, recovery is 39%, which is
nearly three times higher than at 25°C. By 120 minutes, copper recovery reaches 78%, and it
continues to increase slightly to 84% by 210 minutes.

Thus, the following optimal conditions for copper leaching from chalcopyrite were found: 1,0 M
of glycolic acid, 20% (v/v) ethylene glycol, 0,8% (w/v) SLS, 75°C. These conditions provide up to
85% copper in solution.

Proposed leaching mechanism

The proposed mechanism for copper recovery from chalcopyrite (CuFeS,) consists of several
crucial steps that depend on the synergistic interaction of glycolic acid, sodium lauryl sulfate (SLS),
ethylene glycol, and temperature. Glycolic acid serves as the primary leaching agent, breaking the
Cu-S bonds in chalcopyrite and facilitating the release of Cu?* ions into the solution:

CuFeS,+2H* > Cu**+Fe*+2HS-

These copper ions are then stabilized by forming complexes with glycolic acid, which prevents
their reprecipitation as insoluble compounds and enhances the efficiency of the leaching process.

SLS plays a crucial role as a surfactant, reducing the surface tension of the leaching solution.
This reduction in surface tension improves the penetration of the leaching solution into the
chalcopyrite matrix and disrupts the formation of passivating sulfur layers that can hinder the
leaching process. SLS molecules adsorb onto the surface of the mineral, enhancing the accessibility
of the leaching agents to the chalcopyrite, thereby improving copper recovery efficiency:

S?7+SLS — (surface disruption, aiding Cu?'release)

Ethylene glycol, employed as a solvent modifier, further improves the leaching process by
preventing the formation of continuous sulfur layers, thereby facilitating more effective copper

extraction, that might otherwise passivate the mineral surface and impede further leaching. Ethylene
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glycol also increases the solubility of hydrophobic sulfur species, preventing their accumulation on
the mineral surface and facilitating more effective copper extraction:

S+C;H4(OH), — Solubilized Sulfur species (in solution)

The final step involves the recovery of copper as it remains in solution stabilized by glycolic acid and
aided by the presence of SLS and ethylene glycol:
Cu?*(complexed) + HOCH, COOH — Recovered Copper in Solution (Cu?*-complex)

Conclusions

This work presents the efficiency of the «Glycolic acid — Ethylene glycol — Sodium lauryl
sulfate» system for copper recovery from chalcopyrite. The optimal conditions found in this work
were 1,0 M glycolic acid, 20% (v/v) ethylene glycol, 0,8% (w/v) SLS, and temperature 75°C; under
these conditions, a copper recovery of up to 85% was achieved. Once the concentration of glycolic
acid was > 1,0 M, further increases in the concentration resulted in only a small increase in extraction
efficiency, and 20% was sufficient for ethylene glycol. The maximum extent of copper was achieved
at 75°C for the operating temperature. In the leaching process, the combined action of glycolic acid,
which dissolved chalcopyrite and complexed copper ions, SLS, which ruptured the sulfur layer, and
ethylene glycol inhibited sulfur precipitation.
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QPDOEKTUBHOE U3BJNIEYEHMUE MEAU N3 XAITbKOMUPUTA C UCNOJIb3OBAHUEM CUCTEMbI
«MUKOJNEBAA KACNOTA — STUNEHINUKOIb - TAYPUNCYIIb®AT HATPUA»

B Hacmosiwem uccnedogsaHuu paccmampueaemcsi boree aghgheKkmusHbIlU U 3KOI02U4eCKU Yucmall
rnpouecc usenevyeHusi Medu U3 XxanbKorupuma C Ucrosib3oeaHueM HedasHO pa3pabomaHHOU cucmeMbl
ebllWeniaqyusaHusi, cooepxaujeli 2r1UKOIe8yro KUComy, amuneHanukone u naypusncynsgpam Hampus (JICH).
CoomeemcmeeHHo, npu onmumMarsbHbIX ycriogusix u3enedeHuss medu 6bino docmuzHymo 0o 85%: 1,0M
enukoneeol kucnomsl, 20% smuneHeanukons, 0,8% JICH u memnepamype 75°C. Oma anukonegas Kucrioma
delicmsyem cuHepeau4ecku, criocobcmeysi pas3pyweHU XallbKonupuma u cmabunu3upysi UoHbl Medu 8
pacmeope. JICH yny4waem npoHUKHOBEHUE pacmeopa 3a cHem paspyLweHUs naccusupyoulego criosi cepbl;
amurieHanuKosb npedomepaujaem ocaxoeHue cepbl. M3 nosy4YeHHbIX pe3yibmamos criedyem, 4mo 0aHHast
cucmemMa ebiujenadugaHusi Moxem b6bimb anbmepHamusol, 6onee ycmoudusol u 3¢hchekmusHoU o
CpaBHeHU0 € mpaduyuoOHHbIMU MUpoOMemarnnypaudeckumu memodamu o06pabomku, C B803MOXHbIM
PUMeHEeHUEM 8 MPOMbIWIIEHHOM Mpoyecce u3eriedeHust Meou.

Knroveebie cnoea: xanbkonupum,; u3eneqyeHue Medu,; eblujesiadusaHue, 2/iuKosieeasi Kucroma;
SMuseHauKosb; laypuscynbgham Hampus.

B. Kenxanues?, T. KetereHoB?, K. KamyHyp??, A. Batkan®>*, P. Hagupos?*
1Satbayev University, MeTtannyprusi xaHe KeH 6albITy UHCTUTYTHI,
050010, KasakctaH Pecnybnukacbl, Anmarhl k., LLleB4eHko k-ci 29/133,
2)KaHy npobnemanap MHCTUTYTHI ,

050012, KasakctaH Pecnybnukacel, Anmarhl k., berenbarn 6aTbip k-ci, 172
an-®apabu aTbiHAarbl Ka3ak yTTblK YHUBEPCUTETI.,

KasakctaH Pecnybnukacel, Anmartbl K., 9n-®apabu ganfbinbl, 71
“e-mail: abatkalova@mail.ru

«MUKONb KbIWKbIIbl — 3TUNEHIUKOIb — HATPUM NAYPUIN CYNb®ATbI»
XYMECIH NAUOATIAHA OTbIPbIMN, XANIbKONMUPUTTEH MbICTbI TUIMAI AIY
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byn 3epmmey KypambiHOa 2/1UKOMb KbIWKbIIbI, IMUIIEH2/IUKOMIb XoHe Hampull naypusl cynbgameal
(HJIC) 6ap xaHadaH a3iprieHeeH walManay XyleciH natdanaHa ombIpbir, XanbKonupummeH MbIC anyodblH
muiMOipeK XXoHe 3KO102USAbIK ma3sa npoueciH Kapacmaeipadsl. TuiciHwe, Mbic anyObiH OHMadlibl xardalbiH0a
85%-ra OeliiH Kon xemkizindi: 1,0 M anukonb Kbiwkbinbl, 20% smuneHenukonb, 0,8% HIIC xoHe 75°C. byn
2/IUKOMNb KbIWKbIMbI CUHepeemukarblk acep emedi, XasbKonupummiH XoUblyblHa biKnan emeodi XoHe
epimiHdideai Mbic uoHOapbiH mypakmaHObipaldbl. HJIC kykipmmiH naccuemi KabambiH 6y3y apKbisbl
epimiHliHiH eHyiH xakcapmaOlbl; amusneHauKonb KykipmmiH myHb6ara mycyiHe xon 6epmeldi. AnbiHFaH
HemuxxenepdeH, b6yn walmanay xyteci 0Oacmypni nupomemannypausnelk eHoey oadicmepiMeH
canbicmbipraH0a HeFyprbiM mypakmbl xoHe muiMmOi basama 6ona anadbl, MbIC anydblH ©HepKacinmik
npoyeciHde KondaHyra 6onadkbi.

Tylin ce3dep: xanbKonupum; MbIC any; walmarnay, e/luKosb KbIWKbIbI;, 3MUeHaIuKob; Hampudl
naypurncyrnsghamsi.
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