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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 (1) redox pair potential difference was used as a reducing agent.
Ultrafine selenium powder formation as a result of the chemical reduction of selenium (IV) ions by copper (I) ions obtained
by anodic dissolution, as well as by the interaction of copper (II) 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 (I1) 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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CEJIEHUT HOHJAPBIHBIH KbIIIKbIJIAbI MBIC (II) XJIOPUIAI EPITIHAICIHAE CEJIEH YHTAKTAPBIH
TY3E TOTBIKCBI3JIAHYbI

Tyitingeme. Makanana cejeHHIH TOPT BaJeHTTI KocbuibicTapbiHaH MbIC (II) MOHAAPBI KaTHICHIHIA CEJICH YHTAFbIH alyIblH
MEKTPOXUMHSUIBIK OMiCi YCBIHBULABL. DnekTponu3, Mbic (II) XIopHIi KOCBUIFaH TY3 KBIIKBUIBI €PITIHIICIHAE, JJIEKTPOJ
KEHICTIKTepi 0eJliHOereH, MBIC aHOABI MCH THUTAH KAaTOJBIHAH TYPATBIH 3JCKTPOIH3epAe KYPri3iimi. TOTHIKCHI3AaH IBIPFBILIT
petinge Cu (I)-Cu (II) TOTBIFY-TOTBIKCHI3JaHy XyHeciHJeri HMOTeHIMangap aibIpbIMbl NaiganaHblIIbl. AHOIATHIK €py
Oapbichina sxoHe MbIc (I1) HOHAAPBIHBIH aHOTEH dpeKeTTeCcyi OaphIChIHAA TY31IETIH MBICTBIH Oip BaJICHTTI HOHIAPHI CEJICH
(IV) noHaapbIH XUMUSUIBIK, TOTHIKCHI3aH/IBIPBIIN, YIBTPAJUCIICPCTI CENICH KOHE Kel JKaFaaiiap/a MbIC CEJICHUIIHIH YHTAFbIH
TY3€TIHAIr KepceTiai. DIeKTPOIn3 Ke3iH/e CEeNIeHHIH TY3UTyiHIH TOK OOWBIHINA HIBIFBIMBIHA, TY3UIT€H YHTaK (opMachiHa
JKOHE pasMepiHe I3JICKTPOJH3 MapaMeTpPIEPiHiH — TOK THIFBI3BIFBIHBIH, EPITIHII TEMMEPaTyPaChIHbIH, TY3 KBIIIKbUIbI
KOHIICHTPAHSICBIHBIH koHe MbIC (II) MOHIAPBIHBIH KOHICHTPAIMSJIAPBIHBIH dcepiepi 3epTTENiN HOTHXKeIepl KenTipiii.
3epTTey HOTHXKENEepi CeJIeH YHTaKTapbIHBIH OT€ dKOFapbl TOK OOMBIHIIA MIBIFBIMMEH TY3UJIETIHIITIH KOPCETTI.

TyiiiH ce3mep: celieH, YHTAK,MBIC, SIEKTPOJIH3, KATOM, aHOJ[, MUKPOCYpeT.
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BOCCTAHOBJIEHUE CEJEHUT-UOHOB B XJOPHUJIHO-KUCJIOM PACTBOPE MEJIH (1) C
OBPA30BAHMEM IIOPOLIKOB CEJIEHA

AunHoTanus. B crarke npejicTaBiieH 31eKTPOXMMUYECKHI METO/I IOy YCHHsI TIOPOIIIKA cejieHa u3 coeaunenuii cenena (1V) B
npucyTcTBud HoHOB MeaH (11). DrexTponn3 NpoBOAWIM B CONSHOKUCIOM pAacTBOpPE B NPHCYTCTBUHM XJIOPHUAA MEIH,
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QJICKTPOJIU3CPE C HEPA3ACICHHBIMU IIPOCTPAHCTBAMHU, I'/IC B KAY€CTBE aHOAa HUCIIOJIb30BaJIN Me)IHbIﬁ, a B Ka4€CTBC Karoaa -

TUTaHOBBIM 3nekTponsl. [lpomecc

BOCCTAHOBJICHHUA TPOTEKAET H3-3a PA3HHUIBI

NOTECHIHWAJIOB B  OKHUCIMTCIBHO-

BoccranoButenbHOM cucteme Cu (I)-Cu (I). [TokazaHo, 4To Mpu aHOJAHOM PACTBOPEHUH U B3aumoaencTeun HoHOB menu (1) ¢
a"omoMoOpasyrorcss moubl Memu (l), KOTOpble XHMHYECKHM BOCCTaHaBiuBaroT noHbl cenena (IV) ¢ oGpasoBannem
YIBTPAUCIIEPCHBIX TMOPOIIKOB ceneHa. [IpuBeleHbl pe3yNbTaThl, MOJYYCHHBIC TNPH WCCICIOBAHUU BIMSHUS TaKHUX
apaMeTPOB JJIEKTPOJIN3a, KaK IUIOTHOCTh TOKA, TEMIIEPATypa CPEeIbl, KOHIEHTpau HoHOB Mean (II) ¥ KUCITOTHI Ha BBIXOJ
10 TOKY 00pa30oBaHHs CeJeHa MPH JJIEKTPoNu3e. Pe3ynbTaThl MPOBENCHHBIX HCCIIEAOBAHUI MOKA3alH, YTO 0OpasyroTCs

MOPOLIKHA CEJICHA C BBICOKUMHU BBIXOJIOM I10 TOKY.

KiroueBble ciioBa: CCJICH, IOPOIIOK, ME€b, JICKTPOJIN3, KaTOd, aHOM, MPIKpO(i)OTOl"pa(l)I/ISI.

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 (IV)
[3]. Sulfur (1V) dioxide gas is used as a defibrer. At
this point, the reaction is as follows: H,SeO3; + 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 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
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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 (1) -Ti (IV), Cr (1) -Cr (1) and Fe
(1) -Fe (111) 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 (I) -Cu (Il) was
used as the defibrillator. As known from a reference
[11], the standard potential of Cu (1) -Cu (1) 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 (I1) chloride solution with
hydrochloric acid, the electrode space with a volume
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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

of 50 ml was carried out in an unlit electrolysis
device. Electrodes are connected to a DC source, as
anodes - copper and cathode - titanium plates
(Figure 1).

Results. In the solution (15-60 g / I) HCI (5-
20g/ D of Cu(I)and 10 g /1 Se (IV) 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
Cu'—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:
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4Cu* + Se05” + 6H" —
1Se® +4Cu** + +3H,0  (5)

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:

HSe; + 5H" + 4e — Se’ + 3H,0, E’ = + 0,77 B.

In addition, oxidized copper (Il) ions form
copper (1) 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
(1),10g/1Se (IV),i=200 A/ m%t=20C°, 1=
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 (1) 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
315 to 272.4% (Figure 2). The copper (I) ions
formed by high concentrations of hydrochloric acid
known in the references [12, 13, 14] form complex
compounds such as chloride complexes:

CuCl + nClI' — CuCl,", 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
29
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CF%
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150 . r r " — HCI], gram/liter
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Cu (II) - 20 gram/liter, Se (V) - 10 gram/liter, i = 200 A/m?,
t=20C", t=0,5hour

Figure 2 - The effect of hydrochloric acid concentration
on CF of selenium powder

concentration of copper (1), previously added to the
electrolyte composition of Tselinol powder, was
investigated. The results of the study are shown in
Figure 2.
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 (Il) 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 (1) ions are reacted to reaction 4
on the surface of the cathode to the copper (l) ions
and, in addition, copper (I) 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

30

CF.%
340 -
320
300 4
280 4
260 4
240 4

220 4

200 —————————————————————— [Cu¥"], gram/liter
2 4 6 8 10 12 14 16 18 20 22

HCI - 30 gram/liter, Se (1V) - 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

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.

CE. %
1000 4

800
600 A
400 -

200 A

Cu (II) - 20 gram/liter, HCI - 30 gram/liter, Se (V) - 10
gram/liter, t =20 C°, t = 0,5 hour

Figure 4 - Influence of selenium powder on CF in
electrodes density

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 (I) 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.
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15
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35 43

55

t°C
65

Cu (1) - 20 gram/liter, HCI - 30 gram/liter, Se (IV) - 10
gram/liter, i = 100 A/m?, T = 0,5 hour

Figure 5 -

powder formation on CF

Table 1 - DnexTposn3 apKbUTBI ANBIHFAH YHTAKKA KYPTi3UITeH JIIEMEHTTIK Talay HOTHKeECI

Influence of electrolyte temperature on selen

Experi- Electrolysis parameters The result of the analysis
ment | i A/m* | [Cu®T], [HCl], | t°C | O,% | 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 1.44 9.43 88.5

SE1  20aV WD10mm $S20

Sampie

WD 10mm s$s20

Cu (IT) - 20 gram/liter, HCI - 30 gram/liter, Se (IV) - 10 gram/liter, i =

SE1 20V
Sampile

WO 10mm $S20

100 A/m?, t =

hour Figure 6 - Selenium powder microorganisms

0,5

31



P Crossref
ISSN 2616-6445 (Online), ISSN 2224-5243 (Print)

Kompleksnoe Ispol’zovanie Mineralnogo Syr’a. Ne3. 2019 (27 - 33)

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 (I1) by removing selenium ions (V) 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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