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Abstract. Constantly increasing demand for rare-earth elements contributes to the involvement in the
production of ore processing waste, the content of not extracted REE in which is quite large. One of the types
of such waste is man-made mineral formations from the processing of phosphate uranium ores, which serve
as raw materials for the production of REE concentrate at SARECO LLP. The technology for producing a
concentrate includes the following redistribution: opening of raw materials cleaning of productive solutions from
impurities; obtaining a concentrate on rare earth elements. One of the main disadvantages of this technology
is the coprecipitation of almost 30% REE with ferrous cake when cleaning the most productive solution from
impurities. To extract the rare earth elements ferrous cake is leached with sulphuric acid. The article studies
the process of sorption from both model solutions that are similar in composition to the productive leaching of
ferrous cake and directly from the productive ones, with the aim of further combining the resulting eluates with
solutions supplied to precipitate REE. Considerable attention has been paid to disrupt by ammonium salts.
Key words: rare-earth elements, technogenic mineral formations (TMF), ferrous cake, sorption, desorption.
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twice with sulphuric acid to further extract REE. The
consequence of combining the obtained solutions
with the productive one after purification from
impurities is an increase in the cost of oxalic acid for

Introduction

In connection with the recently increased demand
for rare-earth elements, one of the urgent problems is

the expansion of the list of raw materials that can be
used as feedstock. The question of the use of waste
production of rare and rare earth elements containing
fairly high concentrations of unrefined REEs is being
considered. One type of such waste is man-made
mineral formations (TMF) from the processing of
phosphate uranium ores, the content of which is the
amount of REE is 5.0%.

Currently, REE concentrate is obtained from this
raw material at SARECO LLP [1]. In the process of
cleaning productive solutions obtained by leaching
the raw material, ferrous cake is formed, with which
a significant amount (up to 30%) of rare-earth
elements co-precipitates. Ferrous cake is leached

precipitating REE concentrate. When combining
these solutions with the original producers - the
material flows entering the filtering increase, which
complicates the already problematic filtering unit. In
this regard, we have studied the method of pre-
concentration of rare-earth elements by sorption from
solutions of leaching of ferrous cake.

Research methodology

The model solutions with La concentration - 0.75
g/dm?® (solution No. 1), model with concentration,
mg/dm® were used as initial solutions: La - 98.2;
Y -89.6; Dy -58.0; Fe** - 101.4 (solution No. 2) And
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leaching yielding ferrous cake of the following
composition, mg/dm® La - 98.2; Ce - 103.1;
Dy -58.0; Er - 27.2; Eu — 3.9; Gd - 65.4; Ho - 13.1;
Lu, 5.1; Nd, 132.1; PR —41.3; Sm - 34.6; Thb - 9.9;
Tm -4.7; Y - 89.6; Yb -26.6; > REE - 712.8;
Fe® - 4.01 g/dm3. When the ferric iron is reduced to the
divalent state, according to the method [2], its
concentration in the productive solution decreases and
amounts to Fe® - 101.4 mg/dm?®,

Sorption of lanthanum from model solutions was
carried out in a static mode with the ratio S: L = 1: 500 for
8 hours, and productive in dynamic conditions in a
25 cm® column at a speed of 50 cm®/ hour. In the
course of the research, Sorbents KU-2-8n, C-100
“Purolite”, Lewatit S1567, MTC-1600 “Purolite”
were used. Rare-earth elements from the resin phase
were eluted with ammonium sulphate and
ammonium nitrate solutions in a static mode at an S:
L ratio = 1: 50.

Methods of analysis

The quantitative content of rare-earth elements
was determined on an atomic emission spectrometer
with an inductively coupled plasma Optima 8300DV.

The results of researches

At the first stage, experiments were carried out
on the sorption extraction of lanthanum (solution No. 1)
From the model solution in order to select an ion
exchange for subsequent studies. The results are
shown in Figure 1, from which it can be seen that
REE is more actively used from ion exchangers used,
for example, lanthanum, absorbs KU-2-8n sulfo
cation exchange. In subsequent studies, sulfonic
cation exchange KU-2-8n was used for the sorption
of REE.
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Figure 1 Lanthanum sorption from model solutions

From literary sources and our own experience it
is known that ferric ions are the most negatively
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affected by the process of sorption of rare earth
elements. Earlier, we studied the behaviour of iron
and its influence on the sorption of REE in binary
systems Ln®" - Fe** [3] with the same concentration
of components. Considering that ferric iron is the main
impurity in productive solutions from leaching of
ferrous cake, we investigated its effect on the REE
sorption from the model solution (solution No. 2), in
which the concentration of rare-earth elements
correlates with the concentration in the productive
ones. The content of ferric iron, as indicated above,
in the model solution is equal to its residual
concentration in the productive solution after
reduction to the bivalent state. The rare-earth
elements in the model solution are represented by
lanthanum, dysprosium and yttrium. Lanthanum and
dysprosium were selected as typical representatives
of the subgroups of light and heavy REE, and yttrium,
as a specific representative of rare-earth metals,
having no f-orbits. Sorption was carried out in static
conditions, according to the method indicated above.
Kinetic sorption curves are presented in Figure 2.

B0 4
70 A
60

50 1
——Y
40 -

—-la
30 1 Dy

20 4 —+—Fe

10 4

Figure 2 Sorption of rare-earth elements and iron from
model solutions

As follows from the figure, the degree of sorption
of rare earth elements gradually increases with time
and decreases in the series Y — La — Dy. This
dependence is associated with the magnitude of the
ionic radius of rare-earth elements and their
concentration. Iron during the first hour of the
process is actively sorbed by the cationite, during the
next two hours the speed of the process decreases
sharply  and remains  almost  constant.
Thus, during the sorption of rare-earth elements in
the presence of iron, the latter is actively sorbed at the
beginning of the process, then the rate of sorption of
rare-earth elements, which displace iron, increases.
The process of ion exchange is characteristic not only
for sorption, but also desorption. In the literature,
there is information about the desorption of rare earth
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elements by acids, salts, compounds, forming
complexes with REE [4-7]. Previously, we studied
the desorption process with sulphuric acid; it was
shown that elution of rare-earth elements proceeds
quite effectively with sulphuric acid with a
concentration of 200 g/dm?®. However, ammonium
salts are of particular interest as eluates. In the
literature, this issue gives considerable attention. For
example, there is an ambiguous opinion regarding the
use of ammonium sulphate. In literature [8], data on
the study of the possibility of using (NH.) 2SO, for
desorption of lanthanides are given. It has been
established that extraction of REE from the phase of
cation exchanger KU-2-8n with a solution containing
30 wt. % (NHa4) 2SOa, under dynamic conditions, is
very effective. The degree of desorption of the sum
of REEs in the described experiments reaches 87.1%.
Other authors [9] indicate the difficulty of elution of
REE with ammonium sulphate. The difficulties are
due to the characteristic feature of the sulphates of
rare-earth  elements to  form  metastable
supersaturated solutions. Equilibrium in such
systems can occur for a long time and is described by
the following equation:

2Ln**+3S04%>Ln; (SO4) 3>Ln (SO4) 7 +LNSO,"

The concentration shift of other ions in the
solution certainly affects the equilibrium shift. For
example, the presence of NH4* ions lowers the
solubility of the resulting REE sulphates. In the
resulting eluates, the source authors of references
[9, 12] observed the formation of precipitates of the
composition Ln, (SOs) 3 ¢ 8H:O. At a high
concentration of eluent, crystallization began already
in the layer of cation exchange, which made the
desorption process difficult.

At this stage, we investigated the possibility of
desorption of rare-earth elements by ammonium salts -
sulphate and nitrate. To study the desorption process, the
KU-2-8N ion exchange was pre-saturated with
lanthanum from model solution No. 1. The content of
lanthanum in the resin was 0.0027 Mol/g.

Further, a series of experiments on the
desorption of lanthanum with ammonium sulphate
solutions of different concentrations (g/dm3: 100,
200, 250, 300, 400) was carried out. Elution was
carried out in a static mode, with a ratio of S:
L = 1:50, room temperature and contact time of 120
minutes.

The obtained solutions after desorption were
very unstable. The formation of fine crystalline
precipitation was observed. An unequivocal
conclusion was made about the unacceptability of
using ammonium sulphate as eluent of rare-earth
elements. Ammonium nitrate desorption was studied
under conditions similar to ammonium sulphate.
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Figure 3 shows the dependence of the degree of
elution of lanthanum on the concentration of
ammonium nitrate.
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Figure 3 Dependence of changes in the degree of elution
of lanthanum on the concentration of ammonium nitrate

From the figure it follows that the value of the
degree of elution of lanthanum increases sharply with
an eluent concentration of 300 g/dm? and then varies
slightly, desorption with ammonium nitrate is
advisable to keep the solution with a concentration of
300 g/dm?®. Further, in the course of research, the
dependence of the degree of elution of REE, using
lanthanum, as an example, from the cation exchange
KU-2-8-n solution of ammonium nitrate with a
concentration of 300 g/dm? on the phase contact time
was studied. The results are presented in Figure 4.
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Figure 4 Change in the degree of elution of lanthanum
from the phase of cation exchanger KU-2-8-n in time

Thus, from the conducted studies and the
obtained results, it follows that the REE sulfonic
cation exchange KU-2-8n absorbs most effectively
from the tested ion exchangers. It is advisable to
conduct the elution from the sulfocationite phase
with a solution of ammonium nitrate with a
concentration of 300 g/dm®. The sorption rate of
individual REEs depends on both their ionic radius
and concentration.
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Conclusions

In order to determine the prospects of sorption  of the process (it can give figures from and to), then the
concentration of rare-earth elements from solutions from rate of sorption of REE, which disp|ace iron’ increases.

leaching of ferrous cake, in the first stage, the ion
exchange was chosen for REE sorption. The study of the Acknowledgment
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series Y-La-Dy, which is associated with the ionic radius
of rare-earth elements and their concentration. The iron
present in the solution is actively sorbed at the beginning

2018 — 2020 Financing of the scientific
researches is upon program "Development and
implementation of innovative technologies that
enhance the extraction of non-ferrous, noble, rare,
rare-earth metals and solving industrial problems of
industrial enterprises of the Republic of Kazakhstan";
the topic is "Improving the way of TMF development
and the rare-earth elements concentration™.

Cite this article as: Kenzhaliyev B. K., Surkova T. Yu., Yessimova D. M. Concentration of rare-earth
elements by sorption from sulphate solutions // Kompleksnoe Ispol’zovanie Mineral’'nogo Syr’a (Complex
Use of Mineral Resources). —2019. — Ne3 (310). — Page: 5-9. https://doi.org/10.31643/2019/6445.22

KyKipT KbIIIKBLIBI epiTiHaiIepaeH, CHPEeK Ke3/1eCeTiH 3JieMeHTTePAi cCopOnusiMeH
KOHILIEHTpJ1ey

Kensxamues b. K., Cypkosa T.IO., EcimoBa /I.M.

Tyitingeme. Cupex Ke3/leceTiH AJIEMEHTTED CYPaHBICHIHBIH KYHHEH-KYHT€ OCyl, KeH KaJIIBIKTapblH Kaiita eHuey
eHJIipiciHe MyMKiHJIK Oepesi, nemek 6eninoeren CKD ynectepi aHarypibiM skorapbl. OCbIHIaN KaJIBIKTapIbIH OipiHe,
¢docdarTel ypaH KeHIEpiH Kaiita eHjereHiue naiaa OoyaTbIH TeXHOTreHAI MuHepaibiasl Ty3urimaep (TMT), srHu
Oacrankpl mmkizat peringe «SARECO» TOO-re1 CKD KOHIEHTpaTHIH aiy karajgsl. KOHIEHTpaT —aiyablH
TEXHOJIOTHSACHI, KeJeciiel: 0acTamkhl IMNUKI3aTTHl ally; OHIMII epiTIHAIIepal KipMeIepAeH Tazanay, CHPEKKe3IeCeTiH
ANEMEHTTEP/IIH KOHIICHTPAIMACHH aixy OeiMIepiHeH Typaabl. Byl TeXHOJOTHSHBIH HETIi3rl KeMIIUTiKTepiHiH Oipi,
KipMenepJeH eHIMJI epiTiHIiHI TazapTKaH Ke3xe Temipii kekmeH Oipre 30 % Oipre merineni. Cupek KesaeceTiH
ANIEMEHTTEP/II KaliTagan OeJim ajFaH jkarmaiiia, TeMipii KeKTi KYKipT KBIIIKBUTBIMEH ImaiManaiiael. Makamaga, CKD
KOHI[CHTPAThIH TYH/IBIPYFa JKOHENTETIH, opi apbIKapan eplTlH,leMeH Gipre DITOATTAP/IBI ATy MaKCAThIH/IA, TEMipJli KeKTi
nIaiiMasaraHiarbl ©HIMHIH KypaMblHa JKaKblH MOJEJbJI epITIHAIMEH JKOHE Tikesledl OHIMHIH COpOLMSUIBIK Ypaici
seprreningi. JlecopOumsaa, aMMOHMI Ty3apblHa aca KOH1T OeiHIi.

TyidiHzi ce3mep: CHpeK Ke3IeCeTiH AIeMEHTTep, TEXHOreH Il Murepaip! Ty3utiMaep (TMT), Temipiti ke, copOIwst, 1eCOPOLHSL

KonuenTpupoBanne peako3eMeJbHBIX 3JIEMEHTOB COPOIMEH U3 CEPHOKHMCIIBIX PACTBOPOB
Kenzkanues B. K., Cypkxosa T.1O., Ecumosa /.M.

AnHotanus. [10CTOSHHO YBEIMYMBAMOIIUICS CIPOC HAa PEIKO3EMEIbHBIC JJIEMEHTHI CIOCOOCTBYET BOBJICUCHUIO B
MIPOM3BOJICTBO OTXOJIOB IEPEPabOTKU Py, COAEPKaHUE HEe M3BJICUEHHBIX P30 B KOTOPBIX 10CcTaTOYHO BesMKO. OHUM
U3 BUJIOB TAKHX OTXOJIOB SIBJIIOTCS TEXHOTCHHBIC MHHEPAJIbHBIC 00pa30BaHUs OT NepepaboTKu (hochaTHRIX YPaHOBBIX
PYI, KOTOPBIE CIIy)KaT HCXOIHBIM CBIpheM s monrydeHus koHmeHTpata P30 Ha TOO «SARECOy». Texmonorus
MOJyYCHHsT KOHIICHTPATa BKIFOYAET CICAYIONIUE IEePEIeNbl: BCKPBHITHE HCXOIHOTO CBHIPhS; OYUCTKA MPOJIYKTUBHBIX
PacTBOPOB OT IpUMecei; MOIYYCHHUE KOHICHTPATa PEeIKO3EMENbHBIX AIeMeHTOB. OTHIM M3 OCHOBHBIX HEIOCTATKOB
JTAHHOM TEXHOJIOTHH sBigeTcs coocaxaeHue modtu 30% P33 c kene3ucTsIM KEKOM MPH OYHCTKE MPOJYKTHBHOTO
pactBopa ot npumeceil. J{Jst JOM3BIIeUSHUs PEIKO3EMENbHBIX JIEMEHTOB JKEJIE3UCThIil KEK BBIIIEIaYiBaIOT

cepHOM KHCIIOTOH. B cTarbe m3ydeH mporiecc copOIMM Kak M3 MOJCIBHBIX PACTBOPOB, ONU3KHX IO COCTaBY
NPOJYKTUBHBIM OT BBIIIEIAYMBAHUS JKEJE3UCTOTO KeKa TaK M HEMOCPEJCTBEHHO M3 INPOAYKTHBHBIX, C IEJIbIO
JIANTbHEHIIero 00beIMHEHUSI MTOJY4aeMbIX JJII0aTOB C PaCTBOPAMH, MMOCTYIAIOUIMMH Ha OCaXJICHUE KOHIeHTpaTa P3D.
VY aeneHo 3HAUNTENHPHOE BHUMAHKE JECOPOIIMH COJIIMA aMMOHHS.

KiroueBble ci10Ba: peaKo3eMeNbHBIC JIEMEHTHI, TEXHOTEHHBIE MUHepanbHble 00pa3oBanus (TMO), jxene3ucThIil KekK,
copOuws, necopOumsi.
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Leaching of gold-containing ores with application of
oxidation activators

Abubakriev A. T., Koizhanova A. K., Magomedov D. R., Erdenova M. B., Abdyldaev N. N.
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Abstract: The Article presents the results of studies conducted to process gold-bearing rocks from one of the
fields in Kazakhstan. We studied a phase of the chemical and mineral composition of the ore using semi-
guantitative X-ray fluorescent, chemical (assay), electron raster and rational (phase) analysis. We found that
the test sample contained 1.4 g/t Au and 0.14 g/t Ag. The granulometric analysis showed that the main gold
(36.51%) was concentrated in a class of -2.5 +1.25 mm size, with 1.42 g/t gold content. The main components
of the initial sample composition were quartz 38.9%, albite 20.3%, pyrite 5.8%. We studied the gravity recovery
possibility of gold-bearing ore using laboratory equipment, i.e. Knelson KS-MD 3 centrifugal concentrator. We
obtained a gold-containing concentrate with 6.04 g/t gold content on a centrifugal concentrator with extraction
of 52.65%, and 0.82 g/t gold in gravity tailings under the one-stage recovery flow sheet. We determined the
optimal leaching parameters for the recovery products (gravity concentrates and gravity tailings) using various
oxidation activators. The gold recovery degree was 77.3% with direct gravity concentrate cyanidation, and
85.7% with preliminary oxidation using calcium hypochlorite increasing the gold recovery degree by 8.4%,
when leaching the gravity tailings using calcium hypochlorite -73.1%, sodium peroxide - 75.6%, Ascor oxidation
activator (AS-45102) - 71.9%.

Key words: gold-bearing rock, leaching, gravity concentrates, gravity tailings, recovery, oxidation activator.
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gravity concentration; flotation recovery; gold
leaching with pre-oxidation [4]. Cyanides forming

Introduction

Modern and highly efficient technologies for their
recovery are required due to the depletion of alluvial
gold and silver deposits and the use of raw materials
with a low content of valuable components and
complex composition during the processing [1].
These ores are characterized with the presence of
free, very fine gold uniformly distributed in the ore
[3]. There are three main ways to process raw
materials depending on the mineralogical
composition of the ores and the size of gold in them:
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highly soluble complexes of gold and silver are now
widely used to leach gold-bearing ores and
concentrates [5]. An active search for alternative
cyanide reagents and ways to intensify the precious
metals recovery process from ores has been
conducted within recent years due to the
cyanidetoxicity and the complex composition of the
feedstock [2].

One of the important issues in the gold ore treatment is
the pre-oxidation of the sulphide part for more complete
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gold recovery. The use of oxidation activators, such as
sodium peroxide and calcium hypochlorite, promotes the
gold leaching from refractory sulphide raw materials. The
implementation of the intensive cyanidation process for
gravity concentrates and gravity tailings in the presence of
activator reagents enables to increase the efficiency of
gold-bearing rocksprocessing significantly.

The purpose of this study is to develop a method
to leach gravity concentrate and gravity tailings using
various oxidation activators.

Experiment and discussion of the results

We used a representative sample of the original
ore from one of the deposits in Kazakhstan.
A chemical analysis was carried out using a mass
spectrometry method with the help of Varian Optical
Spectroscopy  Instruments  atomic  absorption
spectrometer with an inductively coupled plasma.
The research results showed the following elemental
composition in %: 1.95 Fe; 0.46 S; 0.19 Cu; 0.52 Zn;
0.033 As; 1.45° C; 1.6 g/t Au, 0.14 g/t Ag.

It was found under the rational analysis results
(Table 1) that 46.43% gold was found in this sample
in a bound form, in association with sulfides, 25.0%
in intergrowths and 25.0% in visible fine-dispersed
native form (native gold).

X-ray phase analysis was performed using a
D8-ADVANCE BRUKER X-ray diffractometer.
X-ray phase analysis data (Table 2, Figure 1) of the
sample showed that the main components of the
initial sample phase composition were quartz 38.9%,
albite 20.3%, pyrite 5.8%.

The electron microscopic analysis of ore (Figure 2)
was performed wusing an electron scanning
microscope with a JEOLJXA-8230 electron probe
microanalyzer (JEOL, Japan). It follows from the
results obtained that gold, and the silver, iron, sulphur
carbon are present in the sample microstructure. The
form of gold grains is lamellar, irregular, isometric.

ISSN-L 2616-6445, ISSN 2224-5243 (Print)

Table 1 Results of rational (phase) analysis
of the original ore sample.

. - Gold distribution
Gold Forms in Tailing ot %

Free gold with a clean surface at

90% class minus 0.071 mm 0.35 25.0
Gold in intergrowths (cyanidable) | 0.35 25.0
Gold associated with sulphides 0.65 46.43
Gold in minerals and quartz

insoluble in nitrohydrochloric acid 0.05 3.57
Total gold 1.4 100.0

Table 2 X-ray phase analysis of the original ore

HanmenoBanue Formula %
Quartz, syn SiO2 38.9
Albite (heattreated) Na(AlSizOs) 20.3
Riebeckite Naz(Fe?*3Fe3*2)Sig022(0OH):2 9.7
Clinochlore 1Mla | MgasFeresAl15Si22Al18010(0H)s 7.3
Pyrite, arsenian Fe(S0.99As0.01)2 5.8
Calcite Ca(C03) 4.6
Dolomite CaMg(COs). 4.2
Orthoclase K.ssNa.10Ca.000Ba.012) (Al1.005Si2.99508)| 3.9
Muscovite 2M1syn | KAIsSizO10(OH)2 3.2
Clinoptilolite %%ﬁfﬁﬁ)%)g HOw 2O 2.3

Table 3 Results of the gold distribution by size class

Size Classesyield Gold Gold
classes, % content, | distribution
mm g/t %
-2.5+1.25 36.0 1.42 36.51
-1.25+0.8 19.0 15 20.36
-0.8+0.5 13.6 1.59 15.45
-0.5+0.25 13.6 1.2 11.66
-0.25+0.1 14.6 1.3 13.56
-0.1+0.071 2.2 1.1 1.73
-0.071 1.0 1 0.71
Total 100.0 14 100.0

2/{ |d 14288

¥

m
8
oy 1578
e

Figure 1 The results of x-ray phase analysis of ore samples
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It was revealed under the results of the particle
size analysis that the main ore fractions were
represented by a particle size of -2.5 +1.25 and -
1.25 +0.8 mm; the yield was 36.51 and 20.36%,
respectively (Table 3).

Thus, the physical and chemical studies of the
original ore showed that the gold content in the ore
sample was 1.4 g/t, including 46.43% of gold in a
bound form in association with sulphides, 25.0% in
intergrowths, and 25.0% of the visible fine-grained
native form (native gold). The phase composition
was mainly represented by quartz - 38.9%, albite -
20.3%, pyrite - 5.8%. According to the particle size
analysis, the main ore fractions were represented
by a particle size of -2.5 +1.25 and -1.25 +0.8 mm,
the yield was 36.51 and 20.36%, respectively.

Gravity recovery is widely used to process gold
ores.

The method of gravity concentration using
centrifugal concentrators is one of the effective
gravitational recovery methods for gold-bearing
ores enabling to extract free not only large, medium
and fine, but also thin and dusty gold from ores.

We carried out gravity recovery tests using ore
with a particle size of 85% of the 0.071 mm class
(Table 4).

FeKa
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Aglsd
FeKesc
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Figure 2 Electron-microscopic analysis of ore

Gravity recovery was carried out using a 3-inch
Knelson KS-MD 3 centrifugal concentrator.

Selection of the gravity concentration mode for
the ore sample:
Gravity recovery parameters:
- Centrifugal acceleration 60 G;
- Fluidising water flow rate 3.5 I/min;
- Solids intake 0.5-0.6 kg/min;
- Fluidising water excessive pressure 15 kPa;
- Solids content in the pulp supplied to the gravity
concentration, 25-30%.
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Table 4 Results of the original ore gravitational
recovery

Product Name Yield Au Au
0 content, [recovery,
s % g/t %

Concentrate 558 13.95 6.04 52.65

Tailings 3442 (86.05 0.82 43.75

Total 4000.0 |100.0 14 100.0

Under the gravitational recovery results of the
ore specified in the Table, the yield of gold-bearing
concentrate was 14% with gold content - 6.04 g/t
and gold recovery was 52.65%, gravity tailings
contained 0.82 g/t.

We leached the concentrates and gravity
recovery tailings by direct cyanidation, as well as
using oxidizing agents: calcium hypochlorite
(Ca(ClO),), sodium peroxide (Na202), and Ascor
oxidation activator (AS-45102). It should be noted
that the preliminary oxidation studies considered in
scientific papers [11-14] showed high efficiency of
the reagents used.

Cyanation products were subject to atomic
absorption and assay (cake) analysis methods. We
studied the cyanidation dynamics (with direct
cyanidation and in the presence of oxidizing
agents), controlled the sodium cyanide
concentration and the pulp pH during the tests. The
cyanide leaching parameters and results are shown
in Tables 5-6.

Table 5 Gravity concentrate cyanidation mode

Parameter Unit of Value
measurement

Grain size mm
W.:Tratio = (1:3) g/ml 100:300
Cyanide % 0.1
concentration
Cyanation duration h 24
Temmeparypa °C 22
With air supply +
Medium value pH 11.2-115

It follows from the data in Tables 5 and 6 that
the process conditions (Table 5) enableto achieve
77.3% gold recovery from the concentrate during
direct cyanidation and with 90%particle size of
0.071 mm
class, as well as with 0.1% sodium cyanide
concentration, 85.7% for cyanidation with
preliminary oxidation with calcium hypochlorite,
i.e. ore pre-oxidation contributes to an increase in
the gold recovery degree by 8.4%. A method was
proposed to process the refractory gold-bearing ore
from the Kazakh deposit based on the studies
conducted.
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Table 6 Results of gravity concentrate cyanidation tests Conclusion

Names Test 1P arame;e;:tz _ Thu§,' the best Ieaching parametgrs_ for
Sample weight, g 20 70 gra_mt)_/ ta|I|n_gs were obtained by preliminary
Solution volume. mi 280 280 oxidation with such reagents as NaOzand
NaCN concentra'tion, % 01 01 Ca(CLO)y, i.e. 75.6% and 73.1%, respectively, and
oH 107 11.03 pre-oxidation increased the gold recovery degree
Duration, h o4 o4 by 8._4%_Wh(_en Ieachin_g grav_ity
Type of oxidizer, g 1.0 Ca(CIO), cor_lc_entratelndlcatlng the sulfide oxidation
With air supply " + efflc_lency. The maximum gold recovery degree of
Au content in the initial conc. | 6.04 6.04 gravity concentrate was 85.7%.
under assay analysis, g/t A method was proposed to process the
Au content in cake, g/t 137 0.86 refractory gold-bearing ore from the Kazakh
Au recovery rate from cake, % | 77.3 85.7 deposit based on the studies conducted.

Cite this article as: Abubakriev A. T., Koizhanova A. K., Magomedov D. R., Erdenova M. B.,
Abdyldaev N. N. Gold Recovery from Concentrates Using Oxidizing Agent // Kompleksnoe
Ispol’zovanie Mineral ’nogo Syr’a (Complex use of mineral raw materials). — 2019.— No.3. (310). — Page:
10-15. https://doi.org/10.31643/2019/6445.23

baiipIThLIFaH OHiMI[ep)]i TOTBIKTBIPYbIII KOCBIII maiMaJsan AJITBIHABI 0oeJtin ajny
A0ybaxpueB A. T., Koiizkanosa A. K., Maromenos /I. P., Epaenosa M. b., A6asiinaes H. H.

Tyiiingeme. Makanaga Ka3akcTaHHBIH aaTBIHKYPaM/Ibl [IMKI3aTThl OHIPJICPIHIH 3€PTTCY HOTHXKEICpl KENTipUIreH.
ChlHamMa abIHBIT KeHIEepAiH (a3aiblK Kypambl 3epTreii. JKapTeuiail caHAbIK PEeHTTeHIIK (IyopecueHTTi, XUMUSIIBIK
(Tanmay), 3IEKTPOHIBI-PACTPIIBIK JKOHE PaMOHAN B ((ha3asblK) Taiaayabl KOIIaHy apKbUIbl KCHICPAIH XUMHSIIBIK YKOHE
MUHepanbsl Kypambl Oepinren. CeiHak yiricinge 1,4 r/t Au xone 0,14 v/t Ag 0Oap eKeHIIr aHbIKTaJIbI.
I'paHyIOMETPHSUIBIK TaJIiay KOpCeTKEHeH, alThIHHBIH Heri3ri oemiri (36,51%) memmepi -2,5 +1,25 MM Meuepinie
LIOFBIPJIAHFaH, anThlH Meimepi 1,42 r/r. bactankel chIHaMaHBIH HETi3ri ¢a3anblk Kypamsl kBapl - 38,9%, anpour -
20,3%, uput - 5,8%. Pentrenmik ¢uyopecueHTTi Tanaay HOTHKesepi OONBIHIIA KPEMHHUI ChIHAMaIarbl OaChIMIBIKKA
ne eKCHJIr aHBIKTaNAbl. 3epTXaHalblK Kypal-KaOIbIKTap/Abl TaijajaHa OTBIPHIN, ANTBIHHAH alblHFaH KeHAEp.i
TpaBUTANMSUIIBIK OalipiTy MyMmKiHIiri: LeHTpudyramsik neHTpudynaymsl Knelson KS-MD 3 6ip caTtbuiel GaifbITy
cXemachlHa CoiiKec, aNTBIHHBIH KypambiHga 6,04 1/t OonarblH neHTpH(yrainblKk KOHIEHTpaTopaa 52,65%,
TpaBUTANMSUIIBIK Kanmasikrapaa - 0,82 r/r anteiH MemmiepiH Kypansl. baifbITy eHIMaepiHIH OHTANbl MmaiManay
napameTpiiepi (TpaBUTAlMSUIBIK KOHLEHTPAT »OHE TIPABHTALMSUIBIK KAIIBIKTAP) TYPJi TOTBIFY aKTUBTEHAIPETIH
peareHTTep/Ii aiaanaHbIl KepceTiireH. EH j)xoFapbl KepceTKilTep rpaBUTAIMSIIBIK KOHIIGHTPATTHIH TiKeJIel IHaHUuATEeY
Ke3iH/e alThIH OHAIPY Aopexeci 77,3% Kypaipl; KaabIUi THIOXJIOPUTIMEH albIH-ajIa TOTHIKTEIpYMeH 85,7%, 011 anThiH
oHIIpy mopexecin 8,4% -ra apTThipanbl. | paBUTAIUSIIBIK KAIABIKTAP/IbI [IalManay Ke3iHae KaJabI[Hid THIOXJIOPUTIH
nainanany apkeutsl - 73,1%, Hatpuii nepoxcumi 75,6%, AS-45102 - 71,9% kypaiiasl.

Tyiiin ce3mep: anTbIHKypamJbl LIiKi3aT, maimalay, IpaBUTAlMSUIBIK KOHLEHTPAT, TPAaBUTALMSIIBIK KAJABIKTAp, ajy,
TOTBIFY aKTUBAaTOP/AP.

N3BieyeHue 30/10Ta BbllIeJa4BAHUEM NPOIYKTOB 000ralieHus
¢ IPUMEHEHHEM OKHMCJIUTEes

AoyoakpueB A.T., KoitzxkanoBa A. K., Maromenosa. P., Epnenoa M.b. , A0abligaess. H.

AHHoTanus. B cTaTtee mpuBEIEHBI PE3yNbTaThl HCCIECAOBAHUHA MEPepabOTKH 30JI0TOCOAEPIKAIIETO CHIPhS OJHOTO W3
MecTtopoxxkaernii Kaszaxcrana. M3yuensl (a3oBBIi XUMHYECKHH W MHHEPATbHBIA COCTAaBBI PYABI C MPUMEHEHHEM
PEHTIeHOITYOPECHIEHTHOTO  ITOJYKOJIMYECTBEHHOTO, XHMHUYECKOTr0 (TMPOOHMPHOTO), 3JIEKTPOHHO-PACTPOBOTO |
pammoHabHOTO ((ha30BOT0) aHAIKM30B. Y CTAHOBJICHO, YTO B HCCieayeMoi mpobe conepxurcs 1,4 v/t Au u 0,14 r/T Ag.
I'paHyIOMETPHUYESCKHUI aHATN3 ITOKa3aJl, YTO OCHOBHAs Macca 30510Ta (36,51 %) cocpenoToyeHa B Kjacce KpymHocTH -2,5
+1,25 MM, nipu conepkanun 3oisota 1,42 1/T. OCHOBHBIE KOMIOHEHTHI ()a30BOTO cOCTaBa MCXOJIHOM HPOOBI - KBapIl
38,9 %, ansout 20,3 %, nupur 5,8 %. M3yyeHa BO3MOKHOCTb IPaBUTAIIMOHHOTO 00OTAIEHHS 30JI0TOCOIEPIKAIIEH PY/IbI
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C HCIONIb30BaHKMEM JIabOpaTOpPHOro 00OpYOOBaHHUS: LEHTpoOe:KHOro KouueHtparopa Knelson KC-MJ 3. Tlo
OJJHOCTaJIMAJILHOM CXeMe O0OTalleHHs] Ha LEHTPOOEKHOM KOHIIEHTpATope MOJIyYeH 30JI0TOCOJCPIKAINM KOHIEHTpAT C
coziepkanueM 3oota 6,04 1/t npu n3BnedeHnu 52,65 %, B xBoctax rpasuranuu copepkurcs 0,82 r/t 3omota. [lokazaHsl
OIITUMAJIbHBIE [TAPaMETPhI BBIILEAYNBAHHS TPOIYKTOB 00OTallleH s (TPaBUTAIMOHHOTO KOHIIEHTpaTa ¥ XBOCTOB IPaBUTALIIN)
C IPUMEHEHUEM Pa3JIMYHBIX PeareHTOB-aKTHBATOPOB OKUCIICHUsL. [Ipy psiMOM MaHMPOBaHUM TPaBUOKOHLICHTPATa CTENEHb
U3BJICUCHUS 30710Ta cOCTaBUIO 77,3 %, ¢ peaBapUTeIbHBIM OKUCIEHHEM THIOXJIOPUTOM Kablus 85,7 %, 4TO MOBBIIIAET
CTETICHb U3BJICUCHU 30710Ta Ha 8,4 %, IpH BBIIETIAYNBAHUI XBOCTOB IPABUTAIINH C IPUMEHEHHS THIIOXJIOPHTA Kaibiws - 73,1
%, HePOKCHIOM HaTpus - 75,6 %, aktuBatopa okuciaenus Ascor (AS-45102) - 71,9 %.

KaroueBble cji0Ba: 3010TOCOEpIKAIIEE CHIPEE, BBICTAYNBAHNE, IPABUTAIIMOHHBIN KOHIIGHTPAT, XBOCTHI IPaBUTAIINH,
W3BJICYCHHUE, AKTUBATOP OKUCIICHUS.
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Physical and chemical researches of nickel-cobalt
concentrates made from wastes of heat-resistant nickel
alloys
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Abstract. The wastes of rhenium-containing heat-resistant nickel alloys (HRNA) contain 50-75% of Ni,
3-15% of Co. While electrochemical processing of the wastes of the HRNA up to 80-90% of Re, Ni and Co
passes into the solutions, and a small part of them remains in the anode slurry. The remaining part of the
metals from the slurry is chemically dissolved into the solution. After electrochemical treatment of wastes and
chemical dissolution of slurry the solutions are combined and Re is extracted from them. The Ni — Co
concentrate was precipitated (until a pH of 8-9 was established, at a temperature of 40 °C, by intensive
stirring for 1 h) from the raffinate (g/dms3: 14.26 Ni; 2.48 Co) after the extraction of Re by NaOH (500 g/dm3)
solution. Physical and chemical studies of the concentrate using X-ray fluorescent, X-ray phase,
thermogravimetric and X-ray methods showed that it contains the following phases, wt. %: 62.6 Na2SOs;
37.4 Ni2 (NOz3)2 (OH)2 » 2H20 and Co (OH)2. Washing the concentrate from sodium by water at L:S = 10: 1
ratio allowed reducing its mass (~ 2.4 times), reducing the content of sodium, increasing the content of Ni
(from 15.68 to 37.55 %) and Co (from 1.89 to 4.48%). When the concentrate is annealed in the temperature
range of 300-400 °C, the processes of dehydration of the hydroxides of Ni and Co and their transition to the
oxide forms occur. The resulting concentrate can be sent for further processing in order to extract non-
ferrous metals from it or used to produce some ferroalloys.

Key words: wastes of HRNA, raffinate, Ni-Co concentrate, precipitation, washing, annealing.
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Introduction increasingly important both world wide and in the
Republic of Kazakhstan.
Nowadays, the general metal production faces Heat-resistant alloys have been widely used

an obstacle in the efficient and integrated use of as a special type of structural materials in recent
secondary raw materials that is becoming  Yyears, connected with the development of various
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areas of technology. Heat-resistant nickel-based
alloys are of particular importance, which include
rare and trace elements: rhenium, tungsten,
molybdenum, tantalum, niobium, hafnium. Such
alloys are widely used in the aerospace industry,
nuclear and thermal power, mechanical engineering
and petrochemistry [1].

Now the world has accumulated a large
amount of the wastes of heat-resistant nickel alloys
(HRNA) in the form of scrap parts, with expired
service life. The high cost of heat-resistant nickel
alloys containing expensive metals (rhenium,
tantalum, cobalt, etc.), required to solve the problem
of efficient and complex processing of these
materials.

Current technologies for the processing of
wastes of HRNA can be divided into 4 groups:

» direct  pyrometallurgical  wastes
processing [2];

» oxidative-thermal technologies [3, 4];

» hydrochemical technologies [5, 6];

> electrochemical technologies [7, 8].

Electrochemical methods are often suggested
to use for the lump scraps based on the anodic
dissolution of the material under the direct or
alternating currents transfering either rhenium or a
nickel alloy base into solution with the rhenium
concentration in the anode slurry [9-10].

Analysing scientific, technical and patent
literature has resulted in the present increasing
interest of researches in the field of integrated
processing of HRNA wastes due to the growing
amount of such wastes, which is a valuable
secondary raw material.

HRNA generally contain from 50 to 75 wt. %
of nickel, from 3 to 15 wt. % of metals such as
cobalt, chromium and, aluminum if required, as well
as from 1 to 10 wt. % of one or several elements of
tantalum, niobium, tungsten, molybdenum, rhenium,
platinum, and hafnium series [11].

Therefore, it is also of interest to extract other
valuable non-ferrous and rare metals in terms of
integrated processing of HRNA wastes along with
the expensive rhenium. This is especially true of the
metals are quite large contained in the alloy. Here
such metals are nickel and cobalt. An integrated
processing of HRNA will allow to obtain
compounds of these valuable non-ferrous metals.
Due to the nature of the HRNA, which determines
their resistance to the effects of various kinds, the
extraction of valuable metals from the wastes of
these alloys presents considerable difficulties.

There is no processing of such secondary raw
materials in Kazakhstan. However, a well-known
company for the rhenium and its compounds
production from sulfur wash-acid of the copper
production of RSE Zhezkazganredmet is currently

ISSN-L 2616-6445, ISSN 2224-5243 (Print)

seeking additional raw material sources of rhenium.
In this regard, the company has shown interest in
wastes of rhenium-containing HRNA.

The Institute of Metallurgy and Ore
Benefication JSC of the Republic of Kazakhstan has
developed a method for the -electrochemical
processing of large-volume of rhenium-containing
HRNA wastes in the sulfuric acid solutions [12-16].
At this, up to 80-90% of rhenium, nickel and cobalt
go into solutions, and a small part of them remain in
the anode slurry. To extract the remaining rhenium,
nickel and cobalt in the slurry, the anode slurry is
sent for chemical dissolution [15]. The resulting
solutions after electrochemical processing of wastes
and chemical dissolution of anodic slurry are
combined and the rhenium is extracted from them
[12-13, 16]. Nickel and cobalt remain almost
completely in the raffinate sulphate solution after
extraction of rhenium, their content may be
depending on the composition of the raw material
and the conditions of its processing, on average, g /
dm?: 16,85-25,74 Ni; 2.48-3.74 Co.

A wide range of methods of nickel and cobalt
deposition from the solutions into a common nickel-
cobalt concentrate, for example, sulfides [17-18],
but most often they are precipitated from acidic
solutions by alkali [12, 16].

This paper presents the results of physical and
chemical studies of nickel-cobalt concentrates
obtained from the products of electrochemical
break-down of HRNA wastes.

Testing

From the sulphate raffinates are left after
extraction of rhenium and containing significant
amounts of nickel and cobalt, these metals were
precipitated into a concentrate using alkali.

The deposition processes were carried out in a
thermostated cell (Figure 1) with stirring using a
mechanical stirrer using an adjustable speed.

Figure 1 - Laboratory setup for
Ni-Co concentrate deposition
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The chemical and phase composition of
raffinates and processing products (filtrate, service
water, Ni-Co concentrate before and after washing)
was determined using X-ray fluorescence
(spectrometer  with wave dispersion  Axios
PANalytica), X-ray phase diffractometer (D8
Advance diffractometer (BRUKER), radiation Cu.
K a); chemical (atomic emission spectroscope
Optima 2000 DV, USA, Perkin Elmer), infrared
spectroscopic (FTIR spectrometer Thermo Nicolet
Avatar 370 FTIR Spectrometer), thermal (STA 449
F3 Jupiter, the results were processed using the
NETZSCH Proteus software ) methods of analysis.

Testing procedure for the Ni-Co raffinate
concentrate deposition. A saturated blue raffinate
(Figure 2a) containing g/dm®: Ni — 14.260; Co -
2,481; Re - 0.102; Mo - 0.121; W — 0.012; Al =
1.810; Cr - 2.212 (95.06 g/dm® of acidity). A
predetermined raffinate volume (1 dm?®) was poured
into a thermostated cell (Figure 1), the process
temperature was maintained at 40 °C, and with
continuous stirring at a speed of 700 rpm, a
precipitator — NaOH solution (500 g / dm?) was fed
until pH 8-9. Then stirring was proceeded for 1
hour. When a precipitant was added to the raffinate,
a dark green solution with the precipitate was
produced. As the NaOH solution was added, the
amount of increased precipitate was formed and the
color intensity of the solution increased. The
precipitate of Ni-Co concentrate was filtered using a
vacuum pump through the two layers of blue tape
filter. The mass of the obtained wet Ni-Co
concentrate (75.67% of humidity) was 534.23 g.

Then the precipitate was washed with water,
filtered and dried in a drying cabinet at a
temperature of 105 °C to a constant weight. Dry
sediments were ground in a porcelain mortar.

Results and discussion

According to the X-ray analysis data,
absorption bands of valence v (OH) - 3413 cm™,
deformation SHOH-1647 c¢cm™ and librational v
H.O — 674 cm™ of molecular water fluctuations are
recorded in the raffinate spectrum (concentrate
solution for precipitation) [19]. The group
[HSO4 - 1196, 1053, 890, 598 cm™ [20]. The
group [SO4)* - 1117, 627 cm™ [18, 20]. The group
[NOs] - 1386, 1348 cm™ [19, 22].

The optical density measurements were made
at the peak point of the absorption bands describing
the fluctuations of v OH, 8 HOH, v . H20, v; of
nitrate-ions, vs(F2) of sulfate ion, va(F2) of sulfate
ion, v2(SOz) of hydrosulfate ion; va(SOs3) of
hydrosulfate ion; v 1(S — OH) of hydrosulfate ion;
vs, vs (OSO) of hydrosulfate ion.
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The ultimate composition of the produced
concentrate without washing was determined by
X-ray fluorescence analysis, wt. %: Ni - 14.786;
Co—1.844; O - 43.912; Na — 21.917; Al = 0.936;
Si - 0.075; S - 12,350; Ti = 0.055; Cr - 1,688;
Fe - 0.339; As — 0.014; Mo - 0.096; Re - 0.031;
Pb - 0.007.

According to the x-ray phase analysis of a dry
concentrate without washing, the following phases
are in it; a base - 62.6 wt. % of Na,SO4; 37.4 wt. %
of Niz(NO3)2(OH)2'2H20 and <25 wt. % of
Co(OH)..

The X-ray analysis has shown the following
in the Ni-Co concentrate: Thenardite Na>SO, - 1131,
638, 617 cm™ [20, 22-25]. The group of
[SO4] 2~ -1131, 996, 977, 638, 617 cm™ [19-21].
The group [NOs] — - 1384, 1040, 833 cm™ [19, 21].
The band at 996 cm™ can be attributed to the vi (A1)
fluctuation of iron, cobalt, and nickel sulfates [20,
23]. ALUMINITE Al (SO4) (OH)4.7H,0 - 977cm™
[22] may be present. The band at a 406 cm ~ wave
number corresponds to the stretching fluctuations of
Co-0, Ni-O [24]. CoO is probably present - 406
cm™ [20, 24]. The spectrum recorded absorption
bands of v (OH) - 3442 cm™ valence and
deformation SHOH-1635 cm™ oscillations of water
molecules [20]. The infrared spectrum of Ni-Co
concentrate is in Figure 2.

The filtrate (solution after Ni-Co concentrate
precipitating) is a volume of 680 ml. The filtrate is
colorless, bright. According to the chemical
analysis, the filtrate contains, g / dm*: Ni - 0.460;
Co - 0.100; Re - 0.078; Mo — 0.005; W — 0.0001;
Al - N/A; Cr - N/A.

Chemical analysis of the filtrates showed that
the metals present in the raffinate, when alkali added
are almost completely precipitate.

The infrared spectrum of the filtrate
recorded absorption bands of  valence
v(OH) - 3422 cm™, deformation SHOH-1648 cm™,
and librational v | H,O - 678 cm™ vibrations of
molecular water [19]. The group [SO4]* is 1108,
624 cm™ [19, 21]. The group [NOs] ~ is 1397,
1376 cm™ [19, 21]. In the filtrate, the content of
nitrate ion is lower than in the initial solution
(raffinate). At the maximum of the absorption
band characterizing the vibration of vs(F,) sulfate
ion at a wavenumber of 1108 c¢m™, the optical
density was 0.515. At the maximum of the
absorption band characterizing the vibration of
va(F2) sulfate ion, at a wavenumber of 629 ¢m 2,
the optical density was 0.479. At the maximum of
the absorption band, which characterizes the
vibration of vi (A1) sulfate ion, at a wavenumber
of 974 cm™, the optical density was 0.023.

When comparing the spectra of solutions -

of the initial raffinate with the filtrate (Figure 3), a
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decrease in the intensity of the v OH band in the
filtrate is observed after deposition (2) compared
with the initial raffinate (1), which indicates a
decrease in the salt content in the filtrate.

The study of obtained Ni-Co concentrates
without ~ washing  using  thermogravimetry.
Thermogravimetric analysis allows establishing
the presence of chemical interaction of substances
or phasing transformations by the accompanying
thermal effects. The application of the method is
based on the tendency of solid materials to

ISSN-L 2616-6445, ISSN 2224-5243 (Print)

chemical and physical transformations,
accompanied by thermal effects. All processes
occurring during the formation are recorded with a
thermogravitogram (Figure 4).

Intense endothermic effects on the DTA
Ni-Co concentrate curve are manifested with
maximum development at 179.7 °C, 281.2 °C, 366.6 °C.
They are developed against the background of
weight reduction. The additional endothermic
effects can be noted on the dDTA curve, with
extremes at, °C. 1252, 1444, 1558, 3408.
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Figure 4 Thermogravitogram of Ni-Co concentrate without washing

There are also exothermic effects with peaks
at 237 °C, 295.2 °C, 399.5 °C. In this sample, a
high content of sodium, therefore, apparently, the
effect of polymorphic transformation of sodium
sulfate (281.2 °C) is well manifested even in the
DTA curve. Also in this sample, elemental sulfur
(125.2 °C), ReOs4 (144.4 °C), ReOs; impurity
(155.8 °C) is present. At 366.6 °C, nickel
hydroxide is dehydrated and nickel oxide is
formed. This effect can also be a manifestation of
the de-concentration of co-oxyoids. Effects with
extremes at 179.7 °C (DTA) and 399.5 °C (dDTA)
can be associated with the manifestation of
chromium hydroxide.

The lows at the DTG curve in the
temperature range 300400 °C reflect the
dehydration of Fe, Al, Ni, Cr, Co hydroxides. The
presence of amorphous and fine hydroxides is also
not excluded. Their dehydration probably reflects a
stretched low at 162.2 °C on the DTG curve, and
the products crystallization reflects exothermic
effects with peaks at 237 °C, 295.2 °C, 399.5 °C.

Table 1 Washing of nickel-cobalt concentrate with water

The total weight loss was 12.37%.

Based on the results, it should be concluded
that Ni-Co concentrate is necessary to wash with
water from sodium, after precipitating it from the
raffinate with a NaOH solution.

Washing of Ni-Co concentrate out of sodium.
We washed the Ni-Co concentrate with distilled
water at room temperature 25-27 °C, ratio
L:S = 10:1. The concentrate was wet, weight -
100g. The moisture content of the concentrate is
76.35%. Dry concentrate weight is 23.65 g.

The concentrate was pre-dispersed in the
water (50 ml), then the pulp was moved to a filter
and washed with water to pH7 (by test paper). The
results of testing of the Ni-Co concentrate washing
process are in Table 1.

The chemical composition of the rinse after
washing of the Ni-Co concentrate is, g/dm?®: Ni -
0.00025; Co - 0.00005; Re 0.0059; Mo - 0.00032;
W = 0.00023; Al = 0.00022; Cr - 0.00003. The
influence of the washing process on the content of
elements in the dry concentrates is provided in
Table 2.

Test L:S | Service water Concentrate after washing Filtration Drying
No time, min concentrates,
pH | Volume, Wet Humidity, % Dry hour
ml weight, g weigh,
g
19 10:1 | 7 975 52,52 81,17 9,89 49 5
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Table 2 Effect of the washing process on the elements content in the dry concentrates before and after washing
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with water
Element Content, wt. % Element Content, wt. %
before washing after washing before washing after washing

Ni 15,68 37,55 Hf 0,05 0,13
Co 1,89 4,48 S 0,31 0,21
Cr 1,77 4,24 S 11,77 3,65
Al 0,88 2,41 0 43,89 43,33
Mo 0,10 0,22 Na 23,19 2,11
Re 0,04 - Fe 0,33 0,87
W 0,02 0,02 Ti 0,08 0,52

Note - the dry weight of the concentrate without washing - 23.65 g, after washing - 9.89 g.

As provided by Table 1 and 2 the mass of
Ni-Co concentrates decreases (~ 2.4 times), the
sodium content in the concentrate decreases, the
content of nickel and cobalt increases after
washing. According to X-ray phase analysis
(Figure 5), the dry Ni-Co concentrate have the
following phases after washing: 33 wt. %
Na,SO4; the rest is Niz(NO3)2(OH)2-2H0;
Ni(OH); and Co(OH)z; NiSO4(H20)7;
NiSO4'6H20; Co0S03-3H,0.

A decrease in the intensity of the
Thenardite Na,SO4— 1129, 638, 617 cm™ band is
observed in the spectra from 4 to 0.85 when
comparing the IR spectra of Ni-Co concentrates
without washing and after washing with water,
which also indicates a decrease in the Na>SO4
content in the washed concentrate.

The thermogravitogram of a Ni-Co
concentrate after washing with water is provided in
Figure 6. The DTA curve demonstrates intense
endothermic effects with maximum development at
194 °C, 381.8 °C. They are developed against the
background of a sample weight reduction.
Additional endothermic effects can be marked
with extreme values at 117 °C, 136.9 °C, 148 °C,
180.9 °C, 268.8 °C, 287 °C along the dDTA
curve. Exothermic effects are present with peaks
at 244.5 ° C, 303.5 °C, 415.2 °C as well.

The exothermic effect combination with a peak
at 244.5 ° C on the dDTA curve and an endothermic
effect with an extreme value at 381.8 °C can be
interpreted as nickel hydroxide occurence.

The effect at 381.8 °C reflects the dehydration
process of this phase and the formation of nickel
oxide. The endothermic effect with an extreme value at
268.8 °C on the dDTA curve can be an occurrence of
the polymorphic transformation of sodium sulfate. The
combination of the endothermic effect with the

maximum development at 194 °C and the exothermic
effect with a peak at 415.2 °C can be interpreted as a
chromium hydroxide occurence. The exothermic effect
reflects the conversion of Cr*® into Cr with the
formation of the a-phase of a variable composition.
Since the sample under study may have hydroxides of
iron, aluminum, cobalt, so this peak may be an
occurence of the solid solutions formation of spinels.

A number of least values are emphasized on
the DTG curve, in the temperature range 300-400 °
C, which reflect the hydroxides dehydration Cr, Fe,
Al, Ni, Co. In addition, amorphous or finely
dispersed Fe, Al, Co. hydroxides may be present in
the sample.

As well known the cobalt hydroxides include
unstable blue and stable pink hydroxide Co(OH),
CoOOH oxyhydroxide, hydrated oxides [26]. Blue
hydroxide is finely dispersed, it begins to lose
water already at 170°C. Pink is resistant to 300°C.

Dehydration of the aged rhombohedral
CoOOH is at ~ 335 °C. That is to say the effect
with an extreme value at 381.8 °C may also be an
occurrence of CoOOH dehydration. The stretched
least value at 192.5 °C on the DTG curve may be
an occurence of the dehydration of amorphous,
finely dispersed phases, and the exothermic effects
with peaks at 244.5 °C, 303.5 °C, 415.2 °C on the
dDTA curve reflecting the crystallization of
dehydration products.

The total weight loss was 14.96%. The
higher mass loss compared to the concentrate
without washing (12.37%) is probably due to a
higher nickel content in the form of hydroxide.

To confirm the presence of sodium sulfate,
the sample weighing 0.314 g was heated to ~ 860
° C. The endothermic effect with an extreme value
at 824.2 °C, which reflects the melting of sodium
sulfate was better manifested on this DTA curve.
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Figure 5 Diffractogram of Ni-Co concentrate after washing
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Figure 6 Thermogravitogram of Ni-Co concentrate after washing with water

Thermogravimetric  analysis of  the
concentrates, both without rinsing and after
rinsing with water, resulted in that in the
temperature range of 300-400 °C occur
dehydration of nickel, cobalt, chromium,
aluminum, iron hydroxides and their transition
into oxide forms.

Annealing of nickel-cobalt concentrates
obtained out of the products after the
electrochemical break down of the HRNA wastes at
a temperature of up to 400 °C will allow to transfer
all non-ferrous metal hydroxides to oxides, to
reduce the mass of concentrates by 15-20%.
Annealed nickel-cobalt concentrates can be used in
the smelting of some ferroalloys.
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Findings

The studies have shown that nickel and cobalt
can be isolated from the waste of rhenium-
containing heat-resistant nickel alloys in the form of
a concentrate. Start with, the large pieces of waste
alloys anode dissolved in sulfuric acid solutions to
obtain a rhenium-containing solution and anode
slurry. Rhenium, nickel and cobalt are extracted into
a solution out of the anodic slurry by chemical
dissolution. Solutions from the anodic break down
of the wastes and chemical dissolution of the
slurries are combined and sent for the extraction of
rhenium from them. After extraction of rhenium
from the raffinate, nickel and cobalt are precipitated
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with a solution of NaOH (500 g / dm®) until the pH
value is 8-9 at a temperature of 40 °C, with
intensive stirring of the pulp for 1 h. Physical and
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their transition into oxide forms occur. In this case,
the weight of the concentrate is reduced by 15-20%.
The resulting concentrate can be sent for further

chemical studies of the obtained concentrate showed
that it contains the following phases, wt. %: 62,6
Na2804; 37,4 Niz(NOs)z(OH)z'szo u CO(OH)z.
Washing the resulting concentrate from
sodium with water is proposed at a L:S ratio = 10:1.
After the Ni-Co concentrate washing, it mass
decreases (~ 2.4 times), the sodium content in the
concentrate decreases, the nickel content (from
15.68 to 37.55 wt.%) and cobalt (from 1.89 to 4,48
wt.%). During the annealing of the concentrate in
the temperature range of 300-400 °C, the processes
of dehydration of nickel and cobalt hydroxides and

processing in order to extract non-ferrous metals
from it. Also, nickel-cobalt concentrate can be used
to produce some ferroalloys.
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blcThIKKa TO3iM/1i HUKeJIBAiI KOPHITHAJAPBIHBIH KAJ/BIKTAPbIHAH AJILIHFAH HUKEJb-
KO0AJBbTTHI KOHUEHTPATTAPbIH QU3UKAIBIK-XUMHUSIBIK 3epPTTEy

Kunubaena C. K., Aranosa JI. 5., KarkoBckasst M. H., Aman:kosoa JL. Y., Kym E. I1.

Tyitingeme. Kypambinna penuiii 6ap bicThikka Te3iMai Hukenbai kKopsitnanap (bITHK) kypameinma 50-75 % Ni,
3-15 % Co. BITHK kangsIKTapblH SJEKTPOXUMUSIIBIK Kaiita eHmey OapeichiHma 80-90 % neitin Re, Ni xone Co
epiTiHAire eTei, ax OJXapAbIH a3 Oeiri aHOATHIK NuIamaa Kaitaasl. llnaMaan MeTautapablH KajFaH OeJiriH XUMUSIIBIK
epiTyMeH epTiHfire oTkizeni. KammapIkTapIbl 2IEKTPOXUMHUSITBIK KaiiTa OHIEYIeH KeHiHT1 JKoHe MUIaMIap/ bl XUMHUSITBIK
epITyIeH KeHiHTI epTiHmiIepai OipiKTipim, SKCTpaKIus dAiciMeH onapaaH Re-mi mbirapaapl. Re-mi okcTpaknusiayaaH
keilin papuunarran (r/om3: 14,26 Ni; 2,48 Co) NaOH (500 r/nm®) epiringiciven (pH-ThiH Momzmepi 8-9 wieiiin
opuairanura, 40 °C rtemmneparypanma, 1 carar Ooiibl apanacymeH) Ni-Co KOHLEHTPATTBIH TYHIBIPYBI OTKI3UIII.
PentrenguyopecueHTTik, peHTreH(pasanblk, TepmorpaBumerpiik xkoHe MKC omicTepi KOHLEHTPATTHIH (DH3MKAIBIK-
XAMHUSUTBIK 3€PTTEYBI OHBIH KypaMbiHaa Kerneci daszanap, mac. %: 62,6 Na;SO4; 37,4 Nio(NO3)2(OH)2-2H,0 u Co(OH);
6ap exenin kepcerti. C:K = 10:1 KaTbIHACBIH/IA KOHIIEHTPATTH HATPUHAEH CyMEH IIal0[a OHBIH MacCachlH a3asyibl (~
2,4 ece), HaTpuil Kypambl Temennewni, Ni (15,68-nen 37,55 % neiiin) men Co (1,89-nen 4,48 %peiiiH) Kypambl
xorapiaiinel. Temmeparypa 300 — 400 °C nHTEpBanbIHAAa KOHIEHTPATTH KbI3AbIpyaa Ni skoHe Co THAPOOKCHUATEPIHIH
JeTUApaTanusuiay ypIaici Ooyampl >KOHE OJapAbIH OKCHATIK (opManapbiHa Kelneni. AJBIHFAaH KOHIIGHTPAT OJaH Jpi
KaliTa eHaeyre KiOepiTysl MYMKIH OJNapaH TYCTi MeTayurgap Hemece Keibip (peppoKopBITHAaphIH ATy MaKCATBIHIA.
Tyitinai cesnep: bITHK kangsikrapsi, padunat, Ni-Co KOHIEHTPATHI, TYHABIPY, A0, KBI3ABIPY.

Pu3NKO-XMMHYEeCKHE HCCJICJ0BAHUA HHKEeJIb-K00aJIbTOBBIX
KOHIECHTPATOB, MOJYIYCHHbBIX U3 OTXO0A0B KaPOIPOYHBIX HUKEJIECBLIX CIIJIABOB

Kunubaena C. K., Aranosa JI. 5., Karkosckass M. H., Aman:kososa JI. Y., Kym E. I1.

Annoramusi. OTX0/IbI PEHUICOIEPIKAIIUX KaporpouHbIx HUKeneBbix cruiaBoB (XKHC) conepxar 50-75 % Ni, 3-15 %
Co. Ilpu snexrpoxumnueckoil nepepaborke orxonoB JKHC B pactBopsl nepexoaut no 80-90 % Re, Ni u Co, a
He3Ha4YMTelIbHas MX YacTh OCTAeTCs B aHOJHOM Iiame. V3 IuiamMa OCTaBUIYIOCS YacTh METAJUIOB XHUMHYECKHM
pacTBOpPEHHEM IIEPEBOJSIT B pacTBOp. PacTBOpHI Mocie 3IEKTPOXUMHUYECKOI mepepaboTKU OTXOA0B U XUMUYECKOTO
PacTBOPEHHS [IIAMOB 0OBEAMHAOT U METOJOM SKCTPAKIIMU U3BIIEKAOT U3 HUX Re. U3 padunara (r/nm*: 14,26 Ni; 2,48
Co) nocne skcrpakiuu Re pacrsopom NaOH (500 r/xm®) nposenu ocaxaenue Ni-CO koHLeHTpara (10 ycTaHOBJIEHHS
3HaueHust pH 8-9, mpu temmeparype 40 °C, HHTEHCUBHOM TiepeMeluBaHuu B TeueHue | 4). DU3NKO-XUMUYECKHE
HCCJIEIOBAHMsI KOHIIGHTpAaTa pPEeHTreHO(IIyOpeCeHTHbIM, pPEHTreHo(a3oBbIM, TepMorpaBuMerpuueckum u MKC
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METOJaMH TI0Ka3alH, 4TO B HEM cofepikarcs cienytoume dassl, Mac. %: 62,6 NaSOs; 37,4 Nix(NO3)2(OH).-2H20 u
Co(OH),. ITpombiBka koHLeHTpara oT HaTpus Bogoi mpu T = 10:1 mo3Bosiia yMEHbLUIUTE ero Maccy (~ B 2,4 pasa),
CHHM3HTh COJIep)KaHHE HAaTpUs, OBBICUTH copeprkanue Ni (ot 15,68 1o 37,55 %) u Co (ot 1,89 no 4,48 %). [1pu oTxure
KoHLeHTpaTa B uHTepBasie Temrepatyp 300 — 400 °C npoucxonst npouecchl Aeruaparanuu ruapokcunos Ni u Co u
nepexojia UX B OKCUIHbIE POpMBIL. [loTydeHHBIH KOHIIEHTPAT MOXKET OBITh HANpaBJICH Ha JajbHEHIIYI0 epepaboTKy ¢
LEIBIO M3BJICYCHUS U3 HETO IBETHBIX METAJUIOB MIIM UCIIOJIb30BAH VIS TIOJIyYESHHUS] HEKOTOPBIX ()eppOCILIaBOB.
Kunrouessie ciioBa: otxomas JKHC, padunat, Ni-Co KoHIIEHTpAT, OCaXICHHE, TIPOMBIBKA, OTXKUT
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Abstract. Research article presents an electrochemical method for obtaining selenium powder from
compounds of 4-valent selenium in the presence of copper (Il) ions. The electrolysis was carried out in an
electrolytic cell with an unseparated interelectrode space in a hydrochloric acid solution containing copper
chloride, where a copper electrode was used as the anode and a titanium electrode as the cathode.Cu (1) —Cu
(I) redox pair potential difference was used as a reducing agent. Ultrafine selenium powder formation as a
result of the chemical reduction of selenium (1V) ions by copper (l) ions obtained by anodic dissolution, as well
as by the interaction of copper (Il) ions with an anode was shown. Results of our study were presented,
showing the influence of electrolysis conditions, current density, temperature of medium, acid concentration
and copper (1) ion concentration during electrolysis on selenium formation current output, shape and size of
the resulting powder. Study results demonstrate selenium powder formation with a very high current efficiency.
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Indroduction

Currently, selenium is widely used in the field
of non-ferrous, ferrous metallurgy and machinery.
Only a small amount of casting cast steel will allow
the formation of fine granular steel, which prevents
defects in the steel casting and provides high
resistance to it. Magnesium-manganese alloy adds
anti-corrosion properties of selenium alloy [1-3].
Selenium is also widely used as semiconductor in
electrical engineering. But in this case, the
cleanliness of the selenium is of great importance.

The selenium powder has increased its use. So,
as additives to some of the stainless steel grades, the
selenium improves their mechanical processing
properties and prolongs the durability of the process.
Another useful area of the powder canola is ceramic
and glass production. Depending on the size of the

selenium, glass products give them a variety of
colorful colors. Coloured glass products are widely
used in the colour filters function in the colour alert
system. This property of selenium is well-known in
the engineering and chemical industries and has long
been the main consumer of the selenium [1].

There are different methods of separating
selenium from aqueous solutions. One of the known
methods is the method of extracting powder by
chemical reducing the selenium compounds (1V) [3].
Sulfur (1V) dioxide gas is used as a defibrer. At this
point, the reaction is as follows: H,SeO; + 2SO, +
H,O — Seol + 2H,S0..

Preservation and use of sulfur dioxide gas (IV)
causes a number of difficulties. At the same time, the
work with toxic gas sulfur dioxide should be carried
out in specially equipped sealed installations and
must be strictly controlled by the fact that the amount
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of toxic gas in the workplace does not exceed the high
concentration without harm (0.02 milligram/liter).
The selenium obtained on the basis of the above
method should be gradually purified by processes of
distillation. Due to these problems, this method is not
widely used in production.

Known methods for extracting the selenium
hexafluoride compound used for the removal of net
selenium by reduction (at 60 ° C with potassium,
sodium and lithium at 500 ° C) with alkali metal at
100 ° C, with arsenic at 180 ° C and silicon at 250 °
C [4, 5]. However, such methods are also produced
in the gas environment and require high
temperatures. This makes the technology more
economically ineffective, complicating the process of
the process.

Certain reducing agents that adversely affect
the environment or sophisticated equipment are used
in selective methods used for selenium removal. As a
result, many methods are economically or
ecologically inefficient and can not be implemented
at the production scale. In this regard, the research
and analytical work aimed at increasing the
efficiency of use of the method of extraction and
reduction of ecological harm is one of the most
important issues.

Methods

One of the most important methods for
extracting selenium powders is electrochemistry
methods in silicene cathodes [6-10]. Usually these
methods use variable valent metal ions. Depending
on the large differences in the oxidation-reduction
potentials, the reduction of the selenium ions by
using the Ti (111 -Ti (IV), Cr (11) -Cr (111) and Fe (I1)
-Fe (I11) systems in the aqueous solution. This was
mentioned in the scientific works of a professor
Bayeshov A. B. [1, 7-10]. However, the oxidation-
reduction catalytic systems were used only for the
reduction of six valence selenium ions. The proposed
scientific work suggests the method of obtaining
selenium powder by reduction of selenium ions (IV)
from aqueous solutions. The oxidation-reduction
system of the copper Cu (1) -Cu (I1) was used as the
defibrillator. As known from a reference [11], the
standard potential of Cu (I) -Cu (lI) in the
hydrochloric acid solution is +0,54 Volt, and the
potential of Se-Se (IV) is + 0,77 Volt. As we have
seen, the copper (I) ion, which has the potential to
negate potential, reduces oxidative erythane (IV),
which has the potential of positive potassium and
gives rise to selenium powder.

In electrolysis, copper (1) chloride solution with
hydrochloric acid, the electrode space with a volume of
50 ml was carried out in an unlit electrolysis device.
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Electrodes are connected to a DC source, as anodes -
copper and cathode - titanium plates (Figure 1).
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1 - Electrolysis device; 2 - Electrolyte (Se (IV) + HCI
+ CuCly); 3 - copper anode; 4 - titanium cathode;
5 - DC power source; 6 - ammeter; 7 - voltmeter.

Figure 1 The principal scheme of electrolyser used
to obtain selenium powder

Results

In the solution (15-60 g /1) HCI (5-20 g /1) of
Cu (1) and 10 g/ I Se (1V) in various (i = 50-200 A/m?)
current density, electrolysis was carried out in a half
an hour and the current flows (CF) of the selenium
powders were calculated and its electron-
microscopic image was captured. In each of the
electrolysis parameters, the powder was analyzed and
the chemical composition and form of the powder
were determined and the results were obtained.

One valence copper ion formed during anode
dissolution of a copper electrode and it passes step by
step. [10]:

Cu—-e—Cu" (1)

and
Cut—e— Cu** (2)

During electrolysis, low-current densities
formed by reactions 1, 2, and copper (II) in
electrolyte interact with copper anodes, form
additional copper (1) ions:

Cu+ Cu*" — 2Cu* 3)

Copper (1) ions contained in the electrolyte
are gradually reduced to copper (I) ions on the
cathode surface. One valence copper ion is an
intermediate product:

Cu** +e— Cu* 4)

One valence copper ions, formed as a result of
the above reactions, react with selenium ions and
form selenium powder:

4CU™ + Se0s” + 6H* —

1Se® +4Cu** + +3H,0  (5)
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The results of the study showed that copper
electrode in acetic acid copper (II) solution was
coated with one valence copper ion based on reaction
3 and chemical deformation of the metal. As a result,
the copper (I) ion that has been dissolved in the
solution is formed as a result of reaction 5 with the
selenium (IV) ion incorporating the solution into a
solution of selenium powder. Since the formed
atomic tributary is very active, copper anelite may
also be formed by reacting with copper anode:

Se%,, + Cu — CusSe (6)

It should be noted that the amount of copper
saline formed is relatively low. Electrolysis occurs
when electrochemical reactions occur:

HSes + 5H* + 4e — Se + 3H,0, E° = + 0,77 B.

In addition, oxidized copper (Il) ions form
copper (I) ions by reaction 4 on the cathode surface.
This, in turn, suppresses selenium (IV) ions on the
surface of the cathode and in this region and forms
additional selenium powder.

Discussion

In a stable situation (20 g /1 Cu (I1),10g /1 Se

(IV),i=200 A/ m?t=20C°, t=0,5)the amount
of hydrochloric acid content in the electrolyte
increases from 178% to 327% in the CF when
growing from 15 gram/liter to 30 gram/liter
concentration. It should be noted that in the known
sulfuric acid solution [12], the stability of one
valence copper ions is low, and in ionic acid solution
it improves ion stability, as shown in Figure 2, the
rate of formation of one valence copper ions based on
4-reactions increases with the increase of
concentration of hydrochloric acid. Accordingly, the
copper () ions precipitating in the solution, reduce
oxides of selenium (IV) and increase the selenium
powder. When the acid concentration is further
increased by 60 gram/liter, the CFs decrease from
315t0 272.4% (Figure 2). The copper (1) ions formed
by high concentrations of hydrochloric acid known in
the references [12, 13, 14] form complex compounds
such as chloride complexes:
CuCl + nCl" — CuCln+1", where n - increases depending
on the acid concentration. The number of chloride ions
in the complex increases. At the same time, the complex
ion charge also increases, accordingly the activity of the
copper (I) ions decreases and the decomposable
property decreases and the amount of powdered
selenium powder is reduced. In subsequent studies, the
influence of the concentration of copper (l1), previously
added to the electrolyte composition of Tselinol
powder, was investigated. The results of the study are
shown in Figure 2.
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Cu (II) - 20 gram/liter, Se (1V) - 10 gram/liter, i = 200 A/m?,
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Figure 2 The effect of hydrochloric acid concentration
on CF of selenium powder

As you can see from the picture, the value of CFs
increased due to the concentration of copper (1) ions
added to the electrolyte. The concentration of copper
(1D in the electrolyte increased from 5 gram/liter at
concentration to 20 gram/liter, CF increased from
216% to 320%. As mentioned above, the copper (I1)
ions are reacted to reaction 4 on the surface of the
cathode to the copper (1) ions and, in addition, copper
(1) ions are formed as a result of reaction 3, which
reduces the ionic content of the selenium (IV) to the
elementary state (reaction 5). In this regard, there is
a sharp increase in CF of selenium powder formation.
The result obtained without electrolysis, copper (I1)
ions being preheated electrolyte corresponds to the
lowest result of the above data.

The effect of electrode density on electrode was
investigated. The following figure 4 shows a decrease
in CF when the current density increases.

The current density of the electrodes changes the
electrode potential in the Tafel equation. The
potential of the copper electrode increases the density
of the current with a considerable positive value. The
shift of the electrode to the positive potential
increases the ability of reaction 2 to increase the
velocity of one valence copper ions formed at the first
stage with two valence states. Accordingly, the value
of CF decreases.

This phenomenon also occurs on the cathode
surface and in the cathode area. In the high current
density, the titanium electrode potential in the Tafel
equation shifts to the negative value. In this case, the
stability of the intermediate single valence ions
decreases and they quickly pass to the metal state.
These phenomena reduces the value of CFs generated
by selenium powders.

29



KomnnekcHoe Vcnonb3oBaHne MuHepanbHoro Coipbs. Ne3.2019

CF, %
340 4
320 4
300 4
280 4
260 4
240 4

220 A

200 —————————————————— [C¢"], gramlter
2 4 6 8 10 12 14 16 18 20 22

HCI - 30 gram/liter, Se (IV) - 10 gram/liter, i = 200 A/m?,
t=20C°, t=0,5 hour

Figure 3 Influence of copper (I1) ion concentration in the

electrolyte composition of selenium powder to CF
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gram/liter, t =20 C°, t= 0,5 hour

Figure 4 Influence of selenium powder on CF in
electrodes density
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The effect of temperature on selenium powder
formation in CF was investigated. When the
temperature increased from 20 ° C to 60 ° C, CF
increased from 466% to 742% (Figure 5).

When the electrolyte temperature rises, the
copper (1) ions of copper anode increases with the
direct dissociation activity (reaction 1, 2), resulting in
the formation of copper (I) ions, increasing the
selenium powder content. Accordingly, there is a
direct rise in temperature relative to the formation of
powders in CF.

The powder was tested and the elemental
analysis was performed during the above-mentioned
parameters (Table 1). As a result of the analysis, the
content of the powder contained in the sample was
about 71 - 88.5 %. The copper content in the powder
was 9,34 - 24,07 %. According to the analysis, the
powder also contains copper selenium as well as pure
selenium.

The formation of copper saline can be
explained by the reaction 6. The microscopic images
of the powders obtained are shown in Figure 6, the
average size is 0.102 - 0.236 um, it looks like the
spheroid forms.

CE. %
800 -

700 A
600 1

500 4

400 . . . . " toC
15 25 35 43 55 63
Cu (II) - 20 gram/liter, HCI - 30 gram/liter, Se (1V) - 10
gram/liter, i =100 A/m?, t = 0,5 hour

Figure 5 Influence of electrolyte temperature on selen
powder formation on CF

Table 1 DnexTponu3 apKbUIbI aJbIHFaH YHTAKKA JKYPIi3UIreH 9IeMEHTTIK Tajlaay HOTHKeC]

Experi- Electrolysis parameters The result of the analysis
ment ia, A/M? [Cu?], [HCI], t, °C 0,% Si, % Cl, % Cu, % Se, %
Ne gram/liter | gram/liter
1 200 10 30 20 1.99 0.08 3.47 9.34 85.12
2 50 20 30 20 1.01 0.17 3.75 24.07 71.00
3 200 20 60 20 0.77 0.05 0.88 11.17 87.13
4 200 20 30 60 0.44 0.13 144 9.43 88.5
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Figure 6 Selenium powder microorganisms

Conclusion

At the present time, many products in the
processing of rare and non-ferrous metals are packed
with intermediate products and waste. Subsequently,
separation of valuable substances from them is
accompanied by acidic solution containing selenium
ions. Removal of residual acid in the form of powder
from the solution is still one of the unresolved issues.
Our results show that saline acid can be obtained
from copper (11) by removing selenium ions (IV) ions
at anode, cathode, and electrolyte with very high
current flow and can be used for selenium powders.
It was discovered that copper selenium powders were
formed. Anode and cathode on the surface show that
when a large number of valence copper ions are

formed, they diffuse in the electrolyte volume and
that there is an additional generation of selenium
powders in the entire solution.

The proposed method is characterized by its
simplicity of equipment and low environmental
hazard because it is normally operated outdoors.
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CejieHUT HOHAAPBIHBIH KbIIKbLIABI MbIc (II) x10puai epitingicinae cesien
YHTAKTAPBIH TYy3€ TOTHIKCHI3/IaHYbI
Baemos O.b., Maxan6eroB A.B.
Tyilingeme. Maxkanana ceJeHHIH TOPT BaJIEHTTI KochUIbIcTaphiHAH MbIC (II) MOHIDAphEl KaTHICHIHIA CEJNEH YHTAFbIH
AITYABIH AJIEKTPOXUMHUSIIBIK 91iCi YCBIHBIIABL. DnekTponu3, Mbic (II) xymopuai KOChUFaH TY3 KBIIKBUIBI €piTiHAICiHAE,
JIEKTPOJ] KEHICTIKTepi OeiHOereH, MbIC aHOAbl MEH THTaH KaTOJAbIHAH TYPAaThIH JJIEKTPOIM3EpIE >KYPTi3iii.

Toteikee3ganapiprein - perinae Cu ([)-Cu (1) TOTBIFY-TOTBIKCHI3AAHY IKYHECIHIETi MOTEHIHANIAP aHBIPHIMBI
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naijananeiel. AHOATHIK epy OapbichiHAa xoHe MbIc (II) MOHAAapBIHBIH aHOMIEH SpeKeTTecyi OapbIChIHIA TY3UIETiH
MBICTBIH Oip BaJIeHTTiI HOHIaps! ceneH (IV) MoHIapblH XUMUSUIBIK TOTBIKCHI3AaHBIPHII, YABTPAIUCICPCTI CEJICH )KIHE
Kell JKarJaiiaap/a MbIC CEJICHUIIHIH YHTaFrblH TY3€TiHAIN KepceTuUlli. DJIeKTPoIu3 Ke3iHAe CEeNICHHIH TY3LTyiHiH TOK
OOMBbIHIIA MIBIFBIMBIHA, TY3UIMeH YHTAaK (OpMachlHa >KOHE pasMepiHe OJIEKTPOJIM3 IapaMmeTpiepiHiH — TOK
TBIFBI3/IBIFBIHBIH, €PITIHAI TeMIepaTypachlHbIH, TY3 KBIIIKBUIBI KOHLEHTPALMSICHIHBIH oHe MbIC (II) MOHmapeIHBIH
KOHLEHTPALMSIIAPBIHBIH acepiiepl 3epTTeNiN HOTHXKENepl KeNTipiai. 3epTTey HOTHXKeNepl CeleH YHTaKTapbIHBIH oTe
YKOFapBl TOK OOMBIHIIA IIBIFFIMMEH TY3UICTIHIITIH KOPCETTi.

Tyiiin ce3aep: cexeH, YHTaK,MBIC, JJIEKTPOJIN3, KATOA, aHOMA, MUKPOCYPET.

BoccTraHoB/IeHHE CEJIECHUT-HOHOB B XJIOPUAHO-KHUCJIOM pacTBOpE MEIun (l |) C 06pa3OBa}meM
IOPOIIKOB CeJICHA

baemoB A.b., Maxan6etroB A.b.

AHHoTanus. B craThe mpecTaBiicH IEKTPOXUMUAYCCKUN METO]T MOJyYCHHS TIOPOIIKA CeJICHA M3 COCIUHCHUI CeleHa
(IV) B npucyrcrBun noHoB Meau (I1). DiekTponu3 NpoBOAMIM B CONSTHOKUCIOM PAcTBOPE B MPUCYTCTBHH XJIOPUAA
MEJIH, 3JCKTPOIIH3epe ¢ Hepa3 IeICHHBIMU POCTPAHCTBAMH, TJIC B KAYECTBE aHOJA HCIIOIh30BAIM ME/IHBIH, a B KAYeCTBE
KaToJla -TUTAHOBBIN 3eKTpobl. [Ipoliecc BOCCTAaHOBICHUS MPOTEKACT U3-3a PA3HMIBI MOTCHIMATIOB B OKUACIUATEIIBLHO-
BocctanoButenbHOU cucteMe Cu (I)-Cu (II). [Tokazano, 4TO Mpu aHOAHOM PAaCTBOPEHUH U B3aUMOJICHCTBUN HOHOB MEH
(I1) ¢ anogomobpasytorcst nousl meau (1), KOTOpble XMMUUYECKH BOCCTAaHABIMBAIOT HOHBI cenieHa (IV) ¢ obpasoBannem
YIBTPAIUCTIEPCHBIX MOPOIIKOB CelieHa. [IpHBEICHBI Pe3yNbTaThl, MMOJYYEHHBIC MPH HCCIEIOBAHUM BIUSHUS TaKUX
MapaMeTpoB ANEKTPOJIN3a, KaK IJIOTHOCTh TOKA, TEMIeparypa cpeipl, KoHueHTpaiuu nonoB mMeau (I1) u kucmotsl Ha
BBIXOJI TI0 TOKY OOpa3oBaHHs CeleHa MPH JJICKTPoNin3e. Pe3ynbTarthl MPOBEACHHBIX HCCICIOBAHHUN MOKA3ad, YTO
00pa3yroTCsl MOPOIIKU CENeHa C BHICOKUMHU BBIXOJIOM I10 TOKY.

KiioueBble ci10Ba: celieH, MOPOIIOK, MeJlb, JIEKTPOJIN3, KATO, aHOA, MUKpodoTorpadus
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Tyningeme. CwmapT Tepesenep J3HeEpPrusaHbl YHeEMAey MakcaTbiHAa JXKeHe fumapaTTap  iWiHAaeri
TemnepaTypanblk KblAynblk YLWiH MaHbi3abl pen atkapagbl. CmapT-Tepesenep Xbiy LWbIfbIHbIH JXaHe
KOHOULMOHEepey MeH XapblKTaHAbIPY LbIFbIHAAPBIH a3anTyra MyMKiHAIK 6epegi. Kan3n meH nepaenepre
6anama KbI3aMeT peTiHae narnganadbinagbl. Cymblk KpUcTanabl HEMece 3NEKTPOXMMUSNbIK CMapT-Tepesenep
yrNbTPaKymriH cayneciH eTkisbenai. ©nweHreH GenwekTi cmapT-Tepeseci ynbTpakynriH ceyneciH byratray
YWiH apHanbl Kypbiffbinapabl nanganadygbl Tanan eteqi. byn makanaga cmapTt Tepesenepre XyprisinreH
TEOpUAIbIK XaHe Taxipmbenik 3epTTeynepre Wony XacarnblHFaH. KeHiCTikTe aHe 3epTxaHarblk CbiHakTapaa
opTypni ernuley aAiCcTepiHiH KeMeriMeH >XyprisinreH Taxipnbenik 3epTTey >KyMbiCTapblHa LUOMNY XYPridingi.
CwmapT TepesenepaiH WhIfbIC cunatTaManapbl MEH OHTaWnbl KypbibIMbIH Tangay MakcaTbliHAa, TeopUsIbIK
FBINBIMKU  3epTTey ofebueTTepiHe XBHe TeopusAnblK FbiIbIMUA 3epTTey MOAenbAepre Loy Xyprisingi.
OpblHOanfaH fbiNbiMU 3ePTTEY XKYMbIChl MaTepuanTaHy XeHe KypbifibiC MaTtepuangapbl fbilfibiM canacbiHaa
nanpansl aknapar kesgepi peTiHge KonagHyFa 30p biknarnbIH TUrisesi.

TyniH ce3pep: cMapT Tepese, SHEPIrUsaHbI YHEMAEY, TaxXipubenik enweynep, Bu3yanabl XXannbibIK.

AiimaranteroB Ka3pi0ek IMup:kanyiasl — TexHUKANBIK FRUIBIMIap Maructpi, Satbayev University,
Du3nka-TeXHUKAIBIK HHCTHTYTHI, AnMatel, Kazakcran. ORCID ID: 0000-0001-6367-9135, E-mail:
kazybek012@gmail.com

MyMKiH [5]. CwmapT Hemece HWHTEIUICKTYJIIbI
Tepesenep — Oip KabaTThl AIIEKTPOIUTTEH (MOHIIBIK
TaCHIMAIIAFBIII KacheTi Oap KpHUCTanjgaH), eKi
METaJIJI OKCHJITI KabaTTaH (KaTOIThI JKOHE aHOJTHI)

Kipicne

DHeprus THIMIUIIT YHEMJIEY KoHE KOpIllaraH
OpTaHbl JIACTAyIIBl 3aTTapiAbl a3alTy, QIEMIK

FBUIBIMH 3€PTTEY OPTaJIBIKTAPBIHBIH HET13I1 MaKcaThl
Oosbin TaObutazpl. Kasipri TaHma ockl OarbITTa
KONTereH FBUIBIMU 3eprrey KYMBICTapBI
xyprizinyne. KyH coyneciH nypeic maimanany -
FUMaparTap/ia SHeprus Ke3iH TYTHIHY/AbI a3aiiTyra
KOHE  BH3yalJIbl  JKAWNBUIBIKTBI  apTTHIPYFa
MYMKiHIIK Oepeni [1-3]. Aranran Tanmanrapra caii,
KaHa TEXHOJOTHSIapAbIH Oipi OOJNBIN caHalIaThIH
cMapT Tepesesiep, 0enaMe IHMIHACT! KbUTYJBIK JKOHE
BU3YaJIBUIBIK JKaFJaiapelH Oakpuiaya MaHBI3IbI
pen arkapazasl [4]. Byn KypbUIFBIHBIH KapanailbiM
NIBIHBUIAPJIAH  aWBIPMAIIBUIBIFBI, IHAFBIH  JJIEKTP
OpICIH KOJIZIaHA OTBIPBIIN, ONTHKAIBIK KACHETTEPiH
e3repTyre MYMKIiHIIK Oepemi. OJeTTe, CMapT
Tepesenepi Oec Typii KabaTmeH iCKe achIpbLIajbl
JKOHE ANIEKTp OaTapesichl peTiHle e KapacThIPhLTYhI

34

TYpajbl KOHE €Ki MOIIIp AJIEeKTP OTKI3rimTepiMeH
(ITO) xanranamel.

Onextpoxpomasl (DX) OKCHATEPIiH HEri3ri
eki Typi 0ap: KaTOATHI >KOHE AaHOATHI OKCHITEP.
Kazipri yaxpiTra 2X TepesenepiHiy Oipi Oounbin
caHayiaTelH BoJib(pam okcui (WOs3) KaTOAThl OKCHJT
peTiHIe cMapT Tepeseliep Jkacay YIIiH maiananajbl.
Kenrteren  KypriziireH  fbUIBIMH  3epTTEyJiep
KYMBICTaphl, DX-HBIH jKaHA JKOHE HEFYPIBIM THIMJII
MaTepHaIapblH 931piiey MaKcaThIH/Ia KYprisiice, al
Keibipeynepi OenmMeneri BU3yalabl XOHE JKBLIY

JKAUNBUIBIFBIHA,  COHBIMEH  KaTap,  OJapAblH
FUMapaTTapAarbl  TYTBIHATBIH  DHEPrUsl  KO3iH
yHeMzeyl JKOHE Kalaik ocep eTeTiHIH Tanjaai
OTBIPBIII, cMaprT Tepe3enepiHin Heri3r1

curaTrTaMajiapblH aHBIKTabI.
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CMmapt TepesenepAiH OCTTIK aylaHbl, OHBIH
IIBIHBIIAY KACHETTEPiHe KATTHI ocep CTeTIHIIriHe
0aiiiIaHBICTBl OONFAHIBIKTAH, OJAPJABIH ayKbIMIIbI
IIBIHBUIAYBIHBIH CHIIaTTaMaJIapblH Oarajiay Kaer.
byn wmakamama, caTBIIBIMIAFBI OHIMAEPIIH JKOHE
T1a60PaTOPHSIIBIK YITLIEPAIH ONTHKAIBIK, YKBUTYIIBIK
JKOHE 3NEKTP TYPFBICBIHAH Tepe3elIepiHiH
KAaCHeTTepiH CHUIATTAHTBIH HETI3Tl 3epTTeyiiep MeH
Tangaynapra moiy KYpri3uiai.

Taxipubestik FELILIMH 3epTTEyJ/Iepre oIy

DJEKTPIiK, ONTHKAJIBIK OHE J KBUTYJIBIK
cUMaTTaManapbl TYPFBICBIHAH CMapT Tepe3eepaiH
camacelH Oarajay YVIIiH, KEHICTIKTE XoHE apHaubI
3epTXaHajbIK OpPBIHAAP/A JKYPIi3lIreH ToxXKipuOemik
FBUIBIMHM 3€PTTEY KYMBICTAPbIHA, IOy >KACATIBIHBI.

[6] JKYMBICBIH/IA, cMapT Tepese
MPOTOTHIITEPIHIH ~ OHIMIINIriH  Oarajmay  YUIiH
KEHCEIK ChIHAK CTEH/AIH Tai/lalaHa OTBIPHII,
ToKipubenik 3eprreynep xyprizai. CelHaK creHi
KApBIKTBIFBl PETTENETIH JIOMHHECHEHTTI >KapbIK
Oepy KyleciMeH jkabIbIKTAIFaH XKoHe Y OyiipaeH
typasl. Crenarin Tepesecini ayganel 0,36 M2
Kypanmel. 3epTTey CTEHMAICIHIH KallFaH Tepesenepi
(3TaNIOHABIK PETiHJE NaialaHbUIFaH) — KOPIHETIH
Kyn coynecinig etkizrimrik MoHi, 0,50 (Memmip)
xone 0,15 (OosuraH) TeH. 3epTTey HOTHXKeNepi
KeJIeCiHI KepceTei:

1. XKapeik  meHreii
KapBIKIIEH KAMTaMachI3 €TiIITeH;

2. Cmapr TepeseciHiH Heprus YHEeMIETIIITiK
KaOUIeTiH CTATUKAJIBIK Tepe3ellepMeH
canbIcThIpFanga 59 % - ra xeTyre MyMKiH Oepei.

[7]  >KYMBICBIHBIH  aBTOpJapbl,  CMapT
IIBIHBICBIH  BONb(G)paM  okcuai  Kabater  (WOg)
Heri3iHgeri OeKiTeTiH ToXipuOenik yirinepiHe
(emmremi 0,40 m * 0,40 M), xoHe BaKyyMIallFaH
IIBIHBLIAYFA 3€PTXAHAIBIK ChIHAKTAp IKYPri3uii.
3eprrey Hotmkenepi 0,63 (menmip) - Ten 0,02-re
neitin (OosiiFaH), coHmal-ak y3ak yakbiTka (5000
KYMBIC LMKIBIHAH acTaM) e3repill  OThIPaThiH
mpolieccTiH  kepiHeTiH KyH coyieciH — oTKi3y
MOHJIEpiH aTar OTTi.

[8] - e, cMapT MIBIHBI KYPBUIFBICHIH OOJIMEIeT]
KITUMATTHI CAIKBIHJIATY aPKBUIBL: )KaPBIKTAH bIPYIbL,
CMapT UIBIHBUIAP/BIH OpHAllacy OarjapbiHa JKOHE
aybICy CTpaTerusicblHa OailJIaHBICTHI 3epTTEyJIep MEH
Tajmayaap Kyprisai. Aeropiap, aymadel 0,12 m *
0,12 m 6omnateiH Bonbdpam okcuai (WO3) Herizinae
CMapT IIBIHBICHIHBIH IIPOTOTHUITIHE TECTUIEY KYPTi3i
JKOHE OJIapJblH aWTybIHIIA, cMapT wibiHbLIAP KyH
panuanMsAChIHAH KOpFay >KOHE JKbUTyIbl Oackapy
YIIiH Taigansl O0NMybl MYMKiH, Oipak IocTypri
KeJICHKeNey — JKyienepiH  KONJaHynbl — KOKKa
NIBIFApMaiibl. AYBICY YaKbITHIHBIH Y3aKTHIFbIHBIH
OCepiHEeH KYHJI3Ti YaKbIT (IIyKTyaluschlH Oakbliay
MYMKIH €MEeCTIriH >xoHe KepiHeTiH KyH caynecinix

89-99%  kyHmi3ri
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OTKI3TIMITIK MOHIEpl as3aifFaH Ke3ae Tyc Oepy
HMHAEKCIHIH MOHI a3asTHIHBIH aHBIKTaIbI.

[9] - sxyMBICHIHIA, CMApPT-IIBIHBIHEIH Op TYPi
YILI TYPiH CalbICTBIPY OOMBIHIIIA HETi3T KACHETTepiH,
apTHIKIIBUTBIKTAPEl MEH KEMIIUTIKTEpiH, COHIai-aK
MaTepHANIBIH DHEPTUs THIMOUITT MEH  OHBI
TYPMBICTa TaianaHy >KOHE JKapbIKTaHIBIPYIbI
JKakcapTy — OOWBIHIIA  3epTTey  KYMBICTaphl
JKYPTi3UL. CMapT-IIBIHBIHBIH opTypi
TEXHOJIOTHSUIAPBIHBIH, ~ KENTIPIIreH  CUIMAaTTaMachl
Herisigae OHBIH APTHIKIIBUTEIKTAPHI MEH
KEeMIITLTIKTepi AHBIKTAIJIBI  JKOHE olapMeH
OaliaHbICTBI OONIFaH KHUBIHIBIKTAPHI KEJICHICKTe
meminyi Tuic. Hakrel Mblcanmapma MeJIipJiri
0ackapbUIaTBIH CMapT IIBIHBIHBI KOJJIAHY cajaliapbl
KapacThIpbUIFaH. ABTOpJAp, 3€pPTTEy HOTIKECIHIE,
CMapT-IILIHBI OHJIIPICIHIH ~ TEXHHKAChI MeEH
TEXHOJOTHSCHIHBIH ~ JaMybIMEH Karap, ©3iHMIK
KYHBIHBIH a3aiTy Ke3iHJETi ONTHUKAIBIK KacHeTTepi
JKAKCApAThIHBIH KOHE OCBHl MATEPUANIBIH  KOJI
JKETIMIUTITIHIH apTybIHA aJIbIT KEIETiH ITiH jKa3a bl
CoHBIMEH KaTap, OJIIICHTeH OeJIIeKTeperi cMapT
NIBIHBUIAD — ABTOKOJIKTEPiH IIBIHBICHIHA OPHATY
YIIIH aca KOJIAMIbI, al 3JICKTPOXPOMIbI KabaThl Oap
CMapT IIBIHBUIAD — TYPFBIH YU JKOHE KEHCE
Oenmmernepi YIIiH aca KOJAWIBl €KEeHIH aWTaipl,
OUTKEH1 0JI, MOJIIIPIIKTI YCTall TYpy YIIiH Y3IiKCi3
KepHey Oepy/li KaXKeT eTHeu/Ii.

[10] - 3epTTey *KyMBICBIHIa CMapT Tepe3enepi
MEH JKYMBICHIBUIAD apachblHIOarbl e3apa ocepmi
3epTreni. ABTOpnap, OaTbicka  OarbITTalFraH
KOH(epeHII-3aJ11a aBTOMATThl 0aCKapbUIaTBIH CMapT
Tepe3eci MeEH JKaHa THIMJII KapaHFbUIaHFaH
JKapBIKTaHIBIPY JKYHeCiH Hazapra aIIbL.
Toxipubenik 3epTTey Ke3iHjie, FUMaPaTThIH ChIPTKBI
JKOHE 1IITKI JKAPBIFBIHBIH JICHICHiH, dKaphIKTaHIbIPYFa

JKYMCaIaThlH 3NEKTP SHEPTrHUSCHIH,
JKYMBICHIBUIAPIBIH  JKYMBIC ~ YaKbITBIH,  CMapT
Tepe3eNepiHia exi JKAFBIHIAFbI OeTik
TEMIIEPaTypachlH, Tepe3eiepiH OosuFaH JKoHE
MOJIip Kyhae OOJaThlH YaKbIThl, COHJAK-aK

JKOJIAYIIBLIAP/IBIH CMApT TEPE3ECiH KOJIMEH OacKapy
KUimiri  3eprremiami. KapacTeIpbuibIl  OTBIpFaH
OOnMMeHIH KbIJT CaWbIHFBI KBUIBITYBI, KEIIETYi,
ayaHpl OamnTay OKOHE IKApBIKTAHIBIPY  VIIiH
naianaHbpUIaThIH SHEPTUSHBL 3epTTey YuIiH Energy
Plus  OaFmapiamainblK — KEIIGHI  KOJIJAaHBLIIBI.
3epTTeyaiH Heri3ri HoTHXenepi:

1. Kymeicsimapasig 4% cMapt TepeseciH
KOJIMEH OacKapIbl.

2. Kondepenn - 3anablH JKbUT CalbIHFBI
TYThIHY 3Hepruscsl 39% - man 48% - ra neiiin
YHEMISTIH .

3. DHeKTp SHEprusChIHBIH €H  >KOFaphbl
cypanbichiH 22% - maH 35% - Fa neilin azaiiTyra
0O0JIaTHIHBIH AHBIKTAIBI.

[11] - spuTbiMEU
AJIEKTPOXPOMHUIMHIH

3epTTeY  JKYMBICHIH]IA,
TEOPHSITBIK Heri3zaepi,
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AIIEKTPOXPOMABI  KYPBUIFBUIAPABIH ~ MPHHLUNTI
cyi10achl KoHe oNapApl Kacay YIIiH NaiJalaHbLTybl
MYMKIH Matepuangap Kapacteippuiran. W03, V20s,
TiO,, Cr30s, NiO, MOs CHAKTBI TOTBIKTHI
MaTepuaizapra eH Kell KeHin Oeminred. Ochbl
MaTepHaIiapAblH CUIATTaMalIapbl JXKOHE OJIApIbl
aTyABIH BIKTUMAIT 9MIiCTEPi KopceTinreH. BakyyM st
naiinanan6ai, »aObIHIBI )KaFyFa MYMKIHIIK OepeTiH
CPITIHOUTIK  9NICTI KOJJaHAa OTBHIPHIN, HUKEIb
OKCHMIHIH JKYKa IUICHKIAphH aixy OOHbIHIIA
TOKIpHOCTIK JEpeKTep KENTIpUIreH. AJBIHFAH JKOHE
3epTTENTeH BIEKTPOXPOMIBI MaTepuall  KepHEeyal
KOIZIaHy Ke3iH/Ie KaphIK OTKi3yiH e3repTe/i JKoHe Y3aK
YaKpIT KapaHFbUIay KOHE TYCCI3ACHAIPY MPOIeCTepiH
OUKIIeH  anmafpl. ODKCTPAKUMSIIBIK-TTMPOIUTHKAIIBIK
ONiCTIEH  DIIEKTPOXPOMIBI KYPBUIFBl JAibIHAAIFaH,
OHZIa HUKeNb OKcuAiHiH ieHkackl NiOOH kanmbiaa
kentipinren kyiigeH Ni(OH). TOTBIKTaHABIPBUTFaH
Kylire — KOHBIP TYCTEH MOIAIp TYCKE ayBICHIN OTei.
NiO OGipkernKi AMeKTpOXPOMIIBI INIEHKACKIH ATy YIIiH
2% KOHUEHTpauusicel Oap CBIFBIHIBI EPITIHAICIH
naijanaHbIHbI3. TepMOrpaBUMETPUSIIBIK JIEPEKTEPre
ColiKeC OKCHITI TUIEHKaHbBIH maiina 6omybr 370-450 °C
Ke3iH/Ie OpPBIH aapl.

[12] xymbiceiaaa, ITO (InoO3:Sn) smextpmi
OJIIIICHTeH KaTOJATHl JKOHE AaHOITBHIK MOHOMEpIi
KoJnany apkeuibl aymassl 0,305 m * 0,305 M cmapT
OpTaHUKAIBIK Tepeseci YCBHIHBUIBI JKOHE
3epTTeNiHAl. ABTOpIap, KapblK KOHTPACTBIHBIH
MOHIH aHBIKTay MAaKCaThIHAA, TYPAKTBUIBIKTHL,
OIITHKAJIBIK ©TKI3TilI KACHETIH K9HE aybICy YaKbIThIH
Oaranayra OaFbpITTAJIFAaH 3C€PTXAHAIBIK TECTUICY
KOMETIMEH JJIEKTPOXUMUSIBIK JKOHE ONTHUKAJIBIK
KacueTTepai aHbIKTagbl. AJIBIHFAaH HOTHXeJepre
CYHEHCEK, JKapblK KOHTPACTBIHBIH XKOFapbl MoHi (580
HM Oaranay ke3inme 0,62 >xoHe 628 HM Oaranay
kesigme  0,57), 3apsAATBIH — IUKIGIK  ©3repy
TYPaKTBUIBIFBL, aybICY YaKbIThI 005y YIIiH 12 ceKyHA
YKOHE MOJIJIIP TPOIIECi YIIiH 5 CeKYHATHI KAMTBIIBL.

[13] -me, cMapT MIBIHBLIAPBIH FUMapaTTapIAbIH
Tepeseynepl peTiHAe IJKOHE YIKEH ~MAacIITaOThI
MpaKkTUKaJa Maijiaianyra OoJia ajaThIHBIH JKOHE
KOJITAHBICKA KEMUIIIK OepeTiH KOFapFhl KaKEeTTi
MOHJIEpiH, COHBIMEH Karap, TUIMIIUTIK
KOPCETKIIITEPIH aHBIKTa/bl. 3epTTey HOTHIKENepl
KeJIeCiHI KepceTei:

1. Aysicy TOrBIHBIH KepHeYi (< 5 B).

2. Aysicy yakbIThl (< 10 cek -5 MuH).

3. OnTukanbIk xajsl (2-24 car).

4. Kyn OTKI3TIIITIrHIH KOpiHETIH
kodpduumentrepi (amblk kimMmar yurin 60-70%,
3epTTEeyNiep OKYPri3UIreH KiuMar yiniH (5KoHE)
SHEprus ymiH 6-7% jXoHe BH3YaIIbIK JKaHIBLUIBIK
yiin < 3%).

5. Kyn ¢akropsl (> 0.6 amblk KIMMaT YIIiH
xoHe < 0.2 OYIIBIp KJIMMAT YIIiH).
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6. Kepinerin KyH coyneciHiH IaFbUIbICy
koapumrentrepi (<0.1 ambIK KIMMAT YIIiH koHe > 0.7
OVJIIBIp KITUMAT YIITiH).

7. Koty etkizy (<1.2 B/mM?K).

8. Tyc Gepy (= 80).

9. Xymeic Temmnieparypacsl (-30 nan 90 °C neitin).

10.Kezmet mep3imi (20-30 kb1, oyt 25 000-
50 000 >kyMBbIC ITUKJIBIHA COHKEC Kee ).

Teopmmbm FbUJIBIMU 3€PTTEYJIEPIE HIOIY

Cmapt  TepesenepliH  JKYMBICBIH  JKOHE
nmaiansl KacWeTiH Oarajay YVINIH CaHIBIK JKOHE
TEOPHSUIBIK ~ 3€pTTeY  JKYMBICTApblHA  ILOJNY
JKYPTi3UL.

[14] - 3eprrey KymbICBIHIOA, €Ki Typui

WMHTEIUICKTYaJIIbl TEpe3eJIepiH OHTaiIbl Oackapy
CTpaTeruschlH aHbIKTay yiriH Integrated Energy Use
Simulation (IENUS) keHeHTinreH MoJenpaey
OarmapiaManblK KemleH! MaigamaHpuiabl. JKammsr
CBIPTKBI KYH CoyjeciHe OaillaHBICTBl ONTHKAIBIK
JKOHE JKBUTY CHITaTTaMaJlapbIHBIH MOHIH ©3repTeTiH
CMapT  Tepe3eCiHiH  KYpPBUIBIMBI  YITLICHII.
FumaparTelH  KBUIBITY,  CalKBIHIATY  JKOHE
JKAPBIKTaHABIPY YIIiH KKETTi TYTHIHATHIH SHEPTHs
TYPFBICBIHAH, MBIHAJIAPABI €CKEPEe OTBIPHIN 3€PTTEY
Kyprizinmi: a) exi  0ackapy — CTpaTerusichl
(xocy/emnipy >koHe JKenimik Oackapy), 0) cmapr
Tepe3eHIy MOIIIpIITiH 3epTTey YIIiH
KoJIaHbLIaThiH KyH coysieciHin op TypIti MoHIepi, C)
WranusHbiH 3 Kajlachl, J1) TEPE3CHIH HEri3ri TepT
0aFpITHl KOHE €) IIIKi JKarmaimappl 6ackapyra exi
TYPAl TOCUT KaXeT (PHEPreTHUKAJBIK TOCLTl JKOHE
Ke30€H II10JTy TACLi).

Moienbiey 1iH HETi3r1 HOTHXKEIIEpi:

1. DHepreTHKaNBIK TACLI
SHEPTHSHBI a3FaHa aPTTHIPA/IBL.

2. Keiibip xarmainapia, SHEPTUSUIBIK TACIIT
YUIIH CTaTHKaNBIK Tepesenep DX KaparaHaa eH
JKaKChl KOPCETKIIITEPIi KOPCETE .

3. Kepinerin KyH coynecin eTkizy Moni DX
JKaFmalblH ~ Oackapy  VIIIH  KOJIIaHBUIATHIH
TaraibIHAaMaHbIH OHTAWJIbl MOHIHE KaTThl dcep
eTe.

4. EHi TaraiibIHIaMaHbIH MOHIHE dCep €Te/Il.

5. XKeminik 6ackapy CTpaTeruschl €H >KaKChl
BU3YaJIJIbI KAMITBUTBIKKA KEMUIIIK Oepeti.

[15] - Tepe3eniy >xaHa TYpiHiH MOTEHIMAIBIH
TYCiHY YIIiH, KapanaibiM JX Tepe3eMeH CaAIbICThIPA
OTBIPBIN, WH(PAKBI3BUI  TUANA30HBIHA  JKAKBIH
AIIEKTPOXPOMJIBI TUIEHKACHIHA TEOPHSLIIBIK
3epTTeyep Kypriziimi. MH(pakei3bL1 1uana3oHbIHA
JKaKbIH AJIEKTPOXPOM/IBI TICHKACHIHBIH KapanaibiM
DX TepeseleH aWbIpMalIbUIBIFEL, KepiHeTiH KyH
cayJieciH e3repicci3, MHGPAKbI3bLT AMANTa30HbIHAFbI

aJIFalllKbI
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XKapbIKTBIH oTy KacueriH 0,8 men 0 re nelin
e3repTe/.

[16] - »xymbicra, TRNSYS auHaMHUKAIBIK
Mozeneyni OarmapiaMachiMEeH 93ipJIeHTeH CMapT
Tepe3eciHiH TEOPHsIIBIK MOJENiH TeKcepy YILiH,
ChIHAK  VSINBIFBIHBIH ~~ KOMETIMEH  allbIHFaH
TOXKIPHUOECITIK TEPEeKTEePIi nalgaranraH.
OKCIEpUMEHTTIK ~ChIHAKTap OapbICBIHAA CBIHAK
YAIIBIKTApPBIHBIH, ~ O€TiHIH IMIKi JKOHE CBHIPTKBI
TeMIepaTypaiapel, KOpIIIaraH OpTaHbIH
TEMIIepaTypachl, JKeN KbUIIAMJBIFBI, 1IIKI ayaHbIH
Temneparypacsl, IUQQPY3UIIBIK KOHE KOJACHEH
COyJIeTIeHY, OHTYCTIK JKa3bIKTBIKTAaFbl jkahaHIbIK

coyJeneHy,  IMKI  JKapBIKTaHIBIPY,  CBHIPTKBHI
sxahaHIBIK JKOHE TG y3UIBIK KOJIIEHEH
XKapBIKTAHIBIPY, COHJAW-aK IIBIHBUIAYIBIH 1IIKi
JKOHE CBHIPTKHI O€TiHIH TemIepaTypachl ajbIHIbI.
Tepesenep/iiH ~ TEOPUSIIBIK ~ MOZCIIH  YJTiIey
OapbIChIHIA OoIDKaHATBIH 1mki aya
TeMITepaTypachIHBIH ©JIIIICHTeH MOHZEPiH

CaNBICTBIPY apKbUIBI TEKCEPiNi. 3epTTeyAiH Heri3ri
HOTHIKEJIEPI CBHIPTKBI XKarFaaiaapra 0aiaHpIcThl DX
Tepe3eciHiH cumarraManapslH 0ackapy €H KaKChl
CTpaTerus OOJBIT TaOBIIATHIHBIH KOPCETTI.

[17] aBTOpHapsl, a3 SHEPTUS KYMCATBIHATHIH,
KEHce iIIiH/er] )KapbIKTHIKTHI OenTini Oip MoHze ycTar
TypatelH, OX Tepe3eciHiH OHTailmsl  Oackapy
cTpaTerusicelH 3eptreni. JKacaHmpl KapbIKTaHABIPY
yiniH ge, 9X Tepesenepi YIIiH e OackapyIblH €Ki
CTpAaTeTHsICHI KapacTBIPBULALL: 1) KOCy / emIipy Oackapy
CTPATETHSICHI JKoHE ii) KeJTiK 0acKapy CTpaTeruschl.
Mogenpaey  Kelecuiepi  ecelke ajia  OThIPbII
xyprizinai: 1) 9X tepesenepiHiH opTyp:i TanTepi, 2)
kepiHeriH KyH coymeciH eTkizy KacueTi Oap,
KOJICHKETICHETIH MOTOpJIAHFaH KYPbUIFbUIAphl  Oap
TUNTIK Tepe3enep, 3) op Typiai 3 kKama xoHe 4)
Tepe3enepiH exi Oaraapbl (OHTYCTIK KoHE CONTYCTIK).

[18] e3 »xyMbIchiHIa, BoTb(pam okcuai (WOs)
Herizinge DX mnpororumiHig (0,12 M x 0,12 ™)
OKCIIEPUMEHTAIIBl  CUMaTTaMachlHaH  OacTaspl.
ChIHaK YAMIBIFBIHBIH KoMeTiMeH DX TpPOTOTHITiHIH
Ka3Fbl MayChIMJaFbl HaKTHl aya palblHIAa ©TETiH
XKapBIKTBIH 9cepiMeH, KyH (aKTOPBIH OHE IIIKi
TeMIlepaTypanbl Oakputay KaOileTi  TalIaH[bl.
ChIHaKTap OHTYCTIK XoHE OaThic OarbIT yimiH DX
MPOTOTHUITIIH  0acKapyJblH €Ki  CTpaTerusChiH
(cTaTHKaJNBIK JKOHE JAWHAMUKAJIBIK) €CKEpE OTBHIPBII
KYPriziami. DKCIEpUMEHTTIK JAepeKTep Heri3inae
CBIHAK YSIIBIFBIHBIH OTIEN KbUTY TOPTIOIH cHITaTTai
QIaTBIH  TEOPUSUIBIK  MOJENb  O3ipJeHIi  KOHE
ChIHaKTaH oTKi3inai. Imki aya TemmnepaTypachIHBIH
AKCTIEPUMEHTAJIJIBI MOHJIEPiH MOJIENTbICHTeH
yiriMeH  caneicTeiprad, 3% Kypanmel. 3epTrey
HOTHXeNepi, OX  Tepeseci  AMHAMHKAIBIK
cTpaTervsra  colikec  OakpUIaHFaHIA,  KBUTY
KYKTeMeciH mamamer 3 1% - ra TeMeHaeTyre 00J1Ibl
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JKOHE TOMEH coyliesieHy Kod(p¢uiueHTi Oap exi

OWHEKTENIeH  Tepe3eHIH  KOMETIMEeH  ajiyra
0OJIaTHIHBIH KOPCETTI.

[19] aBropmapbl, BICTBIK JKOHE KYpFakK
KIIUMATTaFbl KYH COYJECIHEH KBI3BII  KETYi

0aKpUTAHATBIH CHIPTKBI KOJICHKEICHYIIH KaparmaibiM
JKy#enepiMeH calbIcThIpy yimiH DX TepesenepiHiy
TUIMALTrIH 3epTreyre apHanran Design Builder
MoOJiebicy OaFmapiaMaiblK KeIIeHIMEH OQUCTIK
FUMapaTThl  MOJENbIeAl. 3epTTey  HOTIKEIep
kenecini kepceTTi: (1) DX Tepesenepi TaagaHraHaap
apachIH/Ia CH YKaKChI MICTTiM OOJIBIT Ta0bLIa bl XKOHE
(2) DX Tepesenepi KOJICHKEICHOCTCH IIBIHBI
MaKETTEPMEH CAITBICTBIPFaHa KYH KbUTYBIHBIH O6CYiH
ait caiieiH 53% - man 59% - Fa JeiiH ToeMeHaeTyre
MYMKIiHIiK Oeperi.

[20] >KyMBICTBIH aBTOpJaphl, DX TEpe3eciHiH
KOMETIMEH JKapbIKTBIH YHEM[eNyiH Oaranay YIIiH
UMHTALVSUTBIK, 3€PTTeY KYPrizfi. 3epTTey 00beKTici
OX eki Tepeseci Oap OHTYCTIK OarmapMeH KeKe
KeHce Oonapl. Mogensey yiniH apHanFan Radiance
OarapiaMaiblK KEIICHIHIH KOMETIMEH KaphIKTHIK
MeH JKapBIKTaHIBIPYIBIH IMIKi MOHAEP] JKBUT OOUBI
JKoHe Oip caraT yakpIT KaJaMbIMEH aJIbIHJbL.
Mopenbaey HOTIDKENEPI Her13r1 KYMBIC
JKa3BIKTHIFBIH JKapBIKTaHABIPYMEH KaMTaMachl3 €Ty
MakcaTelHAa OX Tepe3eciHiH KOH(UTYpaHusIChH
JKOHE KacaH/Ibl KaphIKTaHABIPY CANBIMBIH aHBIKTAY
VIIIH OHTAlIaHABIPY aITOPUTMI  KOJJAAHBUIIBL
3eprrey HoTmKenepi OX Tepesenepi dHEPrHs
YHEeMJIey MaKcaThIH/Ia OHTYCTIK OeTTe maiinanaHyra
THIMJI EKEHIH KOpCeTTI JKOHE MOJIJIp oOWHEKIICH
canbIcThipranaa DX Tepeseci sHeprus ke3iH 48%
YHEMIeyre MYMKIHJIIK Oep/ii.

KopbIThIHABI

CMmapr Tepesenep KapamailbiM CTaTHKaJIbIK
MOJJIip  Tepe3eMeH  CajbICThIpFaHAa  OipHele
apTHIKIIBUIBIKTAPEl 0ap. DKCIIEPUMEHTANBl YKOHE
TEOPHSUIBIK 3epTTEYJIep HOTIKECT OOWBIHIIA CMapT
Tepe3esepiHiH THIMAI Typi peTiHAe, SHEPrUsHBI
YHEMJIEUTIH, BH3Yyalnbl KalmbublK TieH KyH
paauanusAceiH OakpulayFa apHalFaH aBTOMATTHI
0acKapbUIAThIH KYPaJIIapbIH NaljalaHyabl YCHIHIBL.
JerenMen, Oip »xaFblHAaH CMapT KYPBUIFBUIAPHIH
naiinanany sHeprusi ke3iH 39% - man 59% - ra
JISHIHT1 Juana3oHia YHEeMIeyre MyMKIHIIK Oepce,
OHJ]a CKIHII JKaFblHAH CMapT Tepe3elepiH
opHanacy Oarmapel, Oackapy CTpaTeTHsCHl >KOHE
KITMMATTBIK XKaF1alibl HAKTHI KOJIJAHBICTA A jaaHy
VIIIH KaTThl acep eTeii. 3epTTey KYMbICTapbiHA
nroyly skacay OapbIChIHIA CMapT —TepeselepaiH
COJITYCTIKTE OpHasacy OariapblHA KATHICTHI a3 FaHa
apTBHIKIIBUIBIFEI  OalKanmapl  JKOHE  KapamalbiM
CTaHAApPTTHl MOJIIIP TEePe3eMEH CallbICThIPFaH/a
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SHEPTUSIHBI YHEMJICYi KOHE BU3YAIIBIK JKaHTBUIBIFbI
JKaFbIHAHAH apTTa KaJlaThIHBIH KepceTTi. COHBIMEH
KaTap, CMapT Tepe3eliepiHiH y3aK aybICy YaKbITHI (7-
20 MUHYT) HaKTBl aya paibl KargaimapbiH
OakpuIayFa MyMKiHIIK OepMeiii.
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AynaHel  opTYpii  CMapT  TepesenepiiH
(U3MKaNBIK ~ CHUMATTaMallapblH  TYCIHYre  JKoHE
IKCIUTYaTalUSIIBIK IAPTTAPLIHBIH HAKTHI MaliachiH
aHBIKTay YIIIH OJaH adpi TOXIPUOETIK KoHe
TEOPUSIIBIK 3ePTTEYJICP KYPTi3yli KaXKeT eTel.

Ocbl makanaza cinmeme: Aiimaranberos K. I1. CmapT Tepesernepre Xypri3inres ToxipuOemnik jxoHe
TEOPHSIIBIK 3epTTEY KYMBIcTaphiHa 1oy Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a (Complex
Use of Mineral Resources) — 2019. — Ne3 (310). — b. 34-40. https://doi.org/10.31643/2019/6445.26

Review of experimental and theoretical research works of smart windows
Aimaganbetov K. P.

Abstract. Smart windows play an important role in a energy saving and for thermal heat inside buildings. Smart windows
allow you to reduce heat consumption and air conditioning and lighting costs. It is used as an alternative to blinds and
curtains. Liquid crystal or electrochemical smart windows do not transmit ultraviolet light. The measured-value
smartphone requires the use of special devices to block ultraviolet light. This article provides an overview of the
theoretical and experimental research in the field of smart windows. A review of experimental studies performed using
various methods of measurement in space and in laboratory studies. A review of theoretical research literature and
theoretical research models was conducted to analyze the output characteristics and the optimal structure of smart
windows. Conducted research have a great influence in the field of materials science and construction materials as a useful
source of information.

Key words: smart windows, energy saving, experimental measurements, visual comfort.

0030p 3KCIEPUMEHTAJIBHBIX H TEOPETHYECKUX HCCJIEI0BATENbCKIX PA00T CMapT OKOH
Aiimaranoeros K. I1.

AnHoTanusi. CMapT OKHa UTPAlOT BAXKHYIO POJIb B 9HEProCcOEPEKEHUH U ISl TEMIIEPATyPHOTO TeIUla BHYTPH 31aHHI.
B at0ii craThe caenan 0030p Ha TEOpeTHYECKHE U IKCIIEPUMEHTAIbHBIE UCCIIE0BaHMs B 001acT cMapT okoH. CmapT
OKHa IT03BOJISIIOT CHU3UTh NOTpeOIeHHe Teria, a TAK)Ke pacXoibl Ha KOHIUIIMOHUPOBaHKE U ocBelleHue. Vcronb3yercs
KaK aJbTepHATHBA XKaJto3u U mropaM. JKUIKOKPUCTAIUTMUECKHE UK 3JIEKTPOXUMHYECKHUE CMapT OKHA HE MPOIYCKAIOT
yibTpadroneToBblii cBeT. CMapT OKHA C U3MEPEHHBIME 3HAYEHUSAMH TPeOyeT UCMOIb30BaHHUS CIIEIHAIbHBIX YCTPOWCTB
Juisi  OJIOKMPOBKHU yibTpaduonieTroBoro ceera. Craenan 0030p KCHEPUMEHTAIBHBIX HCCIIEJ0BAHUMN, BBIMOIHEHHBIX C
MOMOIIBI0 PA3IMYHBIX METOJ0B U3MEPEHHUsi B KOCMOCE M B JIabOpaToOpHbIX HccienoBanusx. O030p TeopeTHYECKOH
HCCIIeI0BATEIbCKOM TUTEPATYPhI U TEOPETHIECKUX UCCISI0BATEIbCKUX MOIeIICH OB TPOBE/ICH /ISl AHAIM3a BHIXOHBIX
XapaKTEPUCTUK U ONTUMAIBHOU CTPYKTYPBI cMapT OKOH. [IpoBe/IcHHbIC HAYYHBIC UCCIIEAOBAHUS OKA3bIBAIOT OOJIBIIOE
BIIMAHUEC B O6HaCTI/I HayKN MaT€pralOBEACHUC U KOHCTPYKITHMOHHBIC MaTEpHaJIbl KaK MOJIE€3HBIA UICTOYHUK I/IH(I)OpMaI_II/II/I.
KoaioueBble ci10Ba: cMapT OKHa, SHEprocoOepexeHue, IKCepUMEHTaIbHbIE H3MEPEHHUs, BU3yaJIbHbIH KOM(OPT.
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