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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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FORMATION OF SELENIUM POWDERS
IN CATHODE REDUCTION OF SELENITE IONS
IN COPPER (II) HYDROCHLORIC ACID SOLUTION

Abstract. The work presents the results of the study of cathode reduction of selenium (IV) ions in hydrochloric
acid medium in the presence of Cu (II) ions. The following electrolysis parameters were studied: concentrations of
hydrochloric acid and copper (II) ions. In the course of the studies, it has been found that an increase in cathode
current density and hydrochloric acid concentration leads to a decrease in the current yield of selenium powder. This
exposure to hydrochloric acid is due to the fact that the formed copper monovalent ions are complexed with chlorine
ions of type CuCl,", where the number "n" increases with an increase in the concentration of hydrochloric acid and,
accordingly, this leads to a decrease in the reducing capacity of cuproions. The effect of copper (II) ion concentration
has a positive effect on the current output of the powder formation of the investigated element. This is due to the
increase in the concentration of intermediate products - monovalent copper ions.

It should be noted that under all optimal electrolysis conditions, little colloidal selenium powder is observed in
the near-cathode space, due to the monovalent ions involved in the reaction. At high cathode current densities, partial
formation of copper selenide is also observed. This is because freshly formed selenium and copper powder interact
with each other to form metal selenide. Thus, the cathodic reduction of tetravalent selenium in hydrochloric acid
solutions in the presence of divalent copper ions to form selenium powders was first investigated. It has been shown
that an increase in copper (II) ion concentrations leads to an increase in the current yield of selenium powder and an
increase in hydrochloric acid concentration leads to a decrease. The proposed "red-ox" Cu (II) - Cu (I) system allows
electrocatalytic reduction of selenite ion to form ultradisperse selenium powders.

Key words: selenium, powder, recovery, selenite ion, copper (II).

Introduction. Selenium is a constant companion of many sulfide ores and concentrates of heavy and
non-ferrous metals, isomorphic replacing sulfur, due to its high chemical activity, is present in raw
materials, usually as selenides and in some cases as elemental [1]. The main industrial significance are
sulfide deposits. The selenium content in sulfides ranges from 7 to 110 g / t. Global selenium reserves are
estimated at ~90 thousand tons for copper deposits. Selenium is also found, for example, in coal and crude
oil (from 0.5 to 12 ppm), as well as in seawater (4 ppm), which increases its global reserves by 80-
90 times, but these resources are not currently involved in industrial turnover. It seems that in order to
implement this technology, there must be a significant increase in selenium prices. The main industrial
sources of selenium are slurries formed during electrolytic treatment of copper anodes. Copper slurries
contain 5-25 % selenium in the form of compounds with noble metals. The main producers of selenium
are countries such as Japan, Canada, Europe, the United States, China, Mexico and Russia [2].

The presence of a wide range of related metals and chemical elements in selenium-containing
industrial products implies a variety of processing methods.

To date, the main amount of selenium (up to 90 %) is extracted from the electrolyte slurries of copper
and Nickel production, which has led to the emergence of a large number of technological studies in this
direction.

Under the guidance of Professor A. Bayeshov, numerous works were carried out and the
electrochemical properties of selenium were studied in more detail [3-4]. It is shown that it is possible to
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obtain selenium powder from tetravalent selenium ions when polarized by a cathode pulse current, and
that it is possible to restore selenium (VI) anions in the presence of "red-ox" systems Ti (III)-Ti (IV),
Cr (ID-Cr (I11) and Fe (I1)-Fe (I1I).

The standard potential (E°) of the Cu (I) - Cu (II) system in hydrochloric acid solution is -0.54 V, and
the potential of the Se-Se (IV) system is 0.77 V. This indicates that monovalent copper ions chemically
reduce tetravalent selenium ions to an elementary state, while copper (I) ions are oxidized to a divalent
state.

The divalent copper ions present in the solution at low cathode current densities are also reduced
stepwise and mainly to the monovalent state by reaction:

Cu”"+e— Cu’ (1)

which can participate in the reaction of reducing selenite ions to elemental powdered selenium by reaction
(2).

The monovalent copper ions formed by the reaction (1) according to the potentials of the above-
mentioned redox systems Cu (I) - Cu (II) and Se-Se (IV), in the cathode space as well as in the volume of
the solution, will enter into the chemical reaction of reducing selenium ions (IV):

4Cu"+Se0;"+6H " — | Se®+4Cu* +3H,0 )

at the same time, dispersed selenium powders of red-brown color are formed.
There is also a direct cathode reduction of Selenite ions at the cathode:

SeOy*+4e+6H —Se’+3H,0 E° = 0,77 3)

Experimental part. In this paper, the experiments were performed in an electrolyzer with a volume
of 50 ml, the electrode spaces are not separated. A titanium plate was used as the cathode. The current
yield of selenium powder was calculated by the weight of the resulting powder.

As can be seen from figure 1, increasing the concentration of hydrochloric acid leads to a decrease in
the current output of the formation of selenium powder. This effect of hydrochloric acid is due to the fact
that the formed ions of monovalent copper bind in a complex with chlorine ions of the CuCl,"-type, where
the number "n" increases with increasing concentration of hydrochloric acid and, accordingly, this leads to
a decrease in the reducing ability of cuproions by reaction (2). All this in total leads to a decrease in the
current output of the formation of selenium powder.

As can be seen from figure 2, with an increase in the concentration of divalent copper ions in the
solution, the cathode yield of the selenium powder formation current increases. This is due to an increase
in the concentration of intermediate products - monovalent copper ions.

BT, % BT, %
100 . 100 /
90+ 90 -
80 80
70 70+
60- 60
50+ " 504
s 30 45 60 ?'5HCI, i 405 0 20 30 4'OCU(”)’ "

Cu?" =40 g/I; Se(IV)=10 g/I; i=50 A/m?; =30 min; t=20 °C HCI=30 g/I; Se(IV)=10 g/I; i=50 A/m?; =30 min.; t=20 °C

Figure 1 — Effect of hydrochloric acid concentration Figure 2 — Dependence of the current output of selenium
on the current output of selenium powders formation powders formation on the concentration of copper (II) chloride

Results and discussion. When the solution temperature increases from 20 to 60°C, the current output
of selenium powder formation has a maximum current output of 100 %.
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It should be noted that in all optimal conditions of electrolysis in the cathode space, a small amount
of colloidal selenium powder is observed, this is due to the participation in the reaction of monovalent ions
formed by the chemical reaction (1) and (2). At high cathode current densities, partial formation of copper
selenide is also observed.

This is due to the fact that freshly formed selenium and copper powders interact with each other to
form metal selenide:

2Cu + Se — Cu,Se 4

Thus, for the first time, the cathode reduction of tetravalent selenium in hydrochloric acid solutions in
the presence of divalent copper ions with the formation of selenium powders was studied. It is shown that
an increase in the concentration of copper (II) ions leads to an increase in the current yield of selenium
powder formation, and an increase in the concentration of hydrochloric acid leads to a decrease. The
proposed "red-ox" Cu (II) - Cu (I) system allows electrocatalytically restoring selenite ions to form
ultrafine selenium powders.

Acknowledgments. The work was supported by the Ministry of Education and Science of the
Republic of Kazakhstan (AP05131096).

T. 3. I'aunos, A. Baemos, b. 3. Mbip3adekos, E. K. Aoayinna

«/J1. B. CokoJIbCKHii aThIHIAFBI )KaHApMaK, KaTalinu3
KoHE AekTpoxuMust HHCTUTYTE AK, Anmatel, Kazakcran

MBICTBIH (II) TY¥3 KbIIIKbIJIAbI EPITIHIICIHAE
CEJIEHUT-UOHJAPABI KATOATBI KAJIIIBIHA KEJTIPYJIE
CEJIEH YHTAKTAPBIH KAJIBIIITACTBIPY

Annoranus. XXywmeicta Cu (II) moHmapsIHBIH KaThICYBI HETi31HAE TY3b! KBIIKBUIARI OpTafa CeJIeH HOHIAPBIH
KaTOATHIK KAJITbIHA KEITIPY/li 3epTTey HOTHIKEJIepl YChIHbUIFaH. DJISKTPOIIU3/iH MbIHA/Ial napamMmeTpiepl 3epTTenii:
epITIHIIHIH TeMIepaTypachl, Ty3 KbIKbLUIbI MeH MbIC (II) HOHIApBIHBIH KOHIEHTPALMACHL. 3epTTey OaphIChIHIA TY3
KBIIIKBUIBIHBIH KOHIEHTPALUSCH! apTaThIHABIKTAH, CEJICH YHTAFbIHBIH Maiijia 00y TOTBIHBIH HIBIFBIMBI TOMEH/ICHTIHI
afKpIHAanabl. Ty3 KBIIKBUIGIHBIH MYHIail ocepi OipBaleHTTI MBICTHIH Ty3inetin monmapsl CuCl,™ Tumri xmop-
MOHJIapMeH KellleHre OaillaHbICTBIPbUTYbIHA KATBICThI, MYH/IA «N» CaHBI TY3 KbIIIKbUIBIHBIH KOHLIEHTPALUSICHIHBIH
WIFarobl HETi31HAE ecei )KoHe THIiCiHIIe, OyJ1 KyITpOHOHIApABIH KaJlIbIHA KeNTipy KaOileTiHiH TOMEeHAeyiHe oKeTe .
Msic (II) norgaper KOHIEHTPALMSACHIHBIH 9CePi 3epTTEIETIH AIIEMEHT YHTAFbIHBIH Maiia 60Ty TOTBIHA OH dcep eTell.
Byn apanbik eHimMaep, sSiFHU, MBICTBIH Oip BaJCHTTI HOHAAPBIHBIH KOHIIEHTPAIMSCHIHBIH YIIFAIObIHA OaIaHBICTHI.

AliTa KeTeTiH O0oJicaK, JJIEKTPONM3AIH OapiIbIK OHTAMIBI JKaFaalaapblHAa KaTOATHIK KEHICTIKTE CeJeH
KOJUIOWATHl YHTAFBIHBIH IIaMajibl Memmiepi Oaiikamamsl, Oyn Oip BaJUIGHTTI HMOHAAp pPEaKUUsACHIHA KaTBICYFa
GaiinmaHpICTEI. TOKTHIH JKOFaphl KATOATHI THIFBI3ABIFEI KE3iHIIE MBIC CENICHUIIHIH KapThuIail Ty3uryi Oaiikamambl. by
JKaFaal celleH MEH MBIC YHTarbI Oip-OipiMeH e3apa opeKeTTecil, MeTalll CeJICHUAIHIH Naiaa 00ybIHa OKeleIi.

Tyiiin ce3aep: ceneH, YHTAK, KaJlIbIHA KEATipy, ceeHUT-HoH, MbIC (II).

T. 3. I'aunos, A. Baemos, b. 3. Mbip3adekos, E. K. AoaymHa
WHcTtutyT TOINMBA, KaTanu3a U anektpoxumun uM. [1.B. Cokonbsckoro, Anmatsl, Kasaxcran

®OPMUPOBAHMUE ITOPOHIKOB CEJIEHA ITPU KATOJHOM BOCCTAHOBJIEHUN
CEJIEHUT-UOHOB B COJIAHOKHNCJIOM PACTBOPE ME/IM (II)

AnHotanusi. B paGore npezacraBiieHbl pe3ysibTaThl HCCIEAOBAHUS KAaTOJHOTO BOCCTAHOBJIICHUS! HOHOB CelieHa
(IV) B comsHokucioi cpene B mpucyrctBud nmonoB Cu (II). M3yueHsl ciefyroliue mapaMeTphbl 3JICKTPOJIH3a:
TemIepaTypa pacTBOpa, KOHIIEHTpAaLUH CoJsSHOM kuciaoTel U uoHOB Memu (II). B mpomecce mpoemenus
HCCIIeIOBAaHUH YCTaHOBJIEHO, YTO YBEIMYEHNE KOHIIEHTPAIMH COJITHOM KUCIOTHI IPUBOAUT K CHI)KEHHUIO BBIXOJA 110
TOKYy 00pa3oBaHUsl MOPOIIKa celieHa. Takoe BO3JeCTBHE COJSIHOM KUCIOTHI 00YCIIOBJIEHO TEM, YTO 00pa3ylolIuecs
HOHBI OJIHOBAJICHTHOM MEJIU CBA3BIBAIOTCS B KOMILIEKC ¢ xjop-uonamu tumna CuCl,”, rie 4ucio «n» Bo3pacraer ¢

— 198 ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2020

YBEJIMYCHNEM KOHIICHTPAIWU COJISTHOM KHCIIOTHI M, COOTBETCTBEHHO, 3TO IMPUBOANT K CHIDKCHHIO BOCCTaHOBHTEINb-
HOH CIOCOOHOCTH KyNPOWOHOB. BiusHue ke koHueHTpauuu HoHOB menu (II) monokuTenbHO CKa3biBaeTcsi Ha
BBIXOZIC 10 TOKY (POPMHUPOBaHHMS MOPOIIKA HUCCICAYEMOro 3JIeMEeHTa. JTO CBSA3aHO C YBEJIMYEHHEM KOHICHTpAIUU
MIPOMEKYTOUHBIX MMPOAYKTOB — OAHOBAJIEHTHBIX HOHOB ME/IH.

Crnemyer OTMETHTH, YTO BO BCEX ONTUMAIBHBIX YCIOBHUSAX 3JEKTPOJIN3a B MPUKATOAHOM IIPOCTPAHCTBE HaOIIO-
JaeTcs HE3HAYHTEIbHOE KOJMYECTBO KOJUIOMIHOTO TOPOIIKAa CelieHa, 3TO CBA3aHO C yYaCTHEM B PEaKIUuu
OJTHOBJICHTHBIX MOHOB. [Ipy BBICOKHMX KaTOIHBIX IUIOTHOCTSIX TOKa TAaKKe HAOJIOIAeTcs 4acTHYHOE 00pa3zoBaHHE
CeJIeHH/Ia MeIU. DTO CBA3aHO C TE€M, YTO CBEKEOOPa30BaHHBIM MOPOIIOK CelieHa W MEON B3aMMOJEHCTBYIOT IPYT C
JIPYTOM ¢ 00pa3oBaHIEM CeJICHHa MeTalIa.

KuioueBble ci10Ba: celeH, MOPOIIOK, BOCCTAHOBJICHHE, CECHUT-NOH, Meab (I1).
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