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FORMATION OF SELENIUM POWDERS
IN CATHODE REDUCTION OF SELENITE IONS
IN COPPER (Il) 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 (Il) ions. The following electrolysis parameters were studied: concentrations of
hydrochloric acid and copper (Il) 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 currentyield 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 CuClm, 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 (Il) 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 (Il) - Cu (I) system allows
electrocatalytic reduction of selenite ion to form ultradisperse selenium powders.
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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 9% 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 (I11)-Ti (1V),
Cr (ID-Cr (111) and Fe (I1)-Fe (111).

The standard potential (EOQ ofthe Cu (I) - Cu (Il) system in hydrochloric acid solution is -0.54 V, and
the potential of the Se-Se (1V) 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:

Cu2++ 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 (Il) and Se-Se (1V), in the cathode space as well as in the volume of
the solution, will enter into the chemical reaction of reducing selenium ions (1V):

4Cu++Se032+6H+- >|Se°+4Cu2++3H20 (2)

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:

SeO-+4e+6H+- >Seo+3H20 EO= 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 ofthe 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 ofthe CuClm-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 o f 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.

Cu2+=40 g/l; Se(1V)=10 g¢/l; i=50 A/m2; +=30 min; t=20 0C HCI=30 g/l; Se(IV)=10 g¢/l; i=50 A/m2; +=30 min.; t=20 0C

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 (I1) chloride

Results and discussion. When the solution temperature increases from 20 to 600C, the current output
ofselenium 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 ™ Cu2Se (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 (Il) 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.
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MblcTbuy () T¥3 kblw kKbINABL epTTTHATCTHAE
CENNEHUT-MOHAOAPABLI KATOATbI LANTMbIHA KE/NT1PYAE
CENNEH ¥HTAK;TAPbIH kansinTacTblipy

AHHoTaumsa. XXywmbicta Cu (1) MOHAaPbIHBIH KaTbICybl HETi3iHAE TY3/bl KbIWKbUIAbI OPTaAa ceneH MoH4apbIH
KaTOATbIK KannblHa KeNTipyai 3epTTey HATVKenepi yCbiHbIAraH. 3NeKTPoaM3aL, MbliHaLai napameTpiepi 3epTTengi:
epiTiHAIHIH TeMnepaTypachl, Ty3 KbIWKbIbl MeH MbIc (I1) MOHAaPbIHBIH KOHUEHTpauusckl. 3epTTey 6apbicbiHAA Ty3
KbILKbINbIHbIH KOHLLEHTPaUUAChl apTaTbIHAbIKTaH, CefleH YHTarblHbLL, Naiga 607y TOrbiHbIH LWbITbIMbl TEMEHAENTIHI
alikblHganapl. Ty3 KbIWKbIbIHbIH MyHAali 3cepi 6ipBaneHTTi MbICTbIH TY3ineTiH noHgapbl CuClm TunTi xnop-
WOHAApPMEH KelleHre 6ainaHbICTbIpbiNyblHA KaTbICTbl, MYHA «N» CaHbl TY3 KbILWKbIIbIHbIH KOHLEHTPALMACLIHbIH
yArawobl Heri3iHAe ecefi XaHe TUiciHLWe, 6yn KynpovoHAapAblH KanblHa Kennpy KabineTiHiH TeMeHaeyiHe akenegi.
Mbic (I1) noHAapbl KOHLUEHTPaLMACLIHbIH 3Cepi 3epTTeneTL 3/1eMeHT YHTarblHbIH naliga 601y TOrbiHa OH 3cep eTefi.
Byn apanbiK eHimaep, ArHW, MbICTbIH 6ip BasieHTN MOHAAPbIHbIH KOHLEHTPAUMACBIHbIH YrabiHa 6ainiaHbICTbl.

AliTa KeTeTwWw 6oncaK, 3NeKTPOAM3AIH 6apnblK OHTalNbl >kargaiinapblHia KaToOATbIK KeHICTiKTe cefeH
KOMMOUATbI YHTarbiHbIH LWamanbl Menwepi 6aikanagbl, 6yn 6ip Ba/NeHTTI MOHAApP peakuuAacbiHA KaTbicyra
6alinaHbICTbl. TOKTbIH XKOrapbl KaTOATbI ThbIrbI3AbIrbl Ke3iHAe MbIC CeIEHUAIHIH XapTblnai TY3inyi 6aiikanagbl. byn
Xargali cenieH MeH MbIC yHTarbl 6ip-6ipiMeH e3apa 3peKeTTecLU, MeTasN Ce/IeHUiHIH Naiiga 60nybiHa akeneg™

TYWiH ce3gep: ceneH, yHTaK, KanbiHa KeANpY, CeNeHUT-NOoH, Mbic (I1).

T. 3. Nannos, A. baewos, b. 3. Mbip3abekos, E. AbaynuHa
MHCTUTYT TONNMBA, KaTasm3a 1 anektpoxumum um. A.B. Cokonbckoro, Anmartbl, KasaxcTtaH

POPMNPOBAHWME MOPOLUKOB CENEHA NP KATOAHOM BOCCTAHOBJ/TIEHA
CENNEHUNT-MOHOB B CONMAHOKWNC/IOM PACTBOPE MEAW (II)

AHHOTaumnsa. B paboTe npeactaBneHbl pe3ynbTaTbl UCCNeA0BAHUS KaTOLHOr0 BOCCTAHOB/IEHWS MOHOB CeflieHa
(1IV) B consHokucnoin cpege B npucyTcTBun nMoHoB Cu (I1). M3ydyeHbl crnegylouine napameTpbl 3M1eKTponmsa:
Temnepatypa pacTBOpa, KOHLEHTpauun CONAHOM Kucnotbl n uoHoB Megm (Il). B npouecce npoBegeHMs
NcCnefoBaHNn YyCTaHOB/EHO, YTO YBe/IMYeHNe KOHLEHTPAL MU CONSHOM KUCNOTbI MPUBOAUT K CHVDKEHUIO BbIXoda Mo
TOKY 06pa30BaHuUs NMopoLlKa cefleHa. Takoe BO3AeliCTBME CONSHOM KWUCMOTbl 06YCNOBEHO TeM, YTO obpasyloLimnecs
MOHbI OfHOBaNEHTHON Mefyn CBA3bIBAKOTCA B KOMMJEKC C X/10p-MoHamu Tuna CuClnn, rge 4mcio «n» Bo3pacTaeT ¢
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YBEMNYEHNEM KOHLEHTPALUN CONSIHO KUCNOTbI 1, COOTBETCTBEHHO, 3TO MPMBOAUT K CHUXKEHWUIO BOCCTAHOBUTE/b-
HOM CNOCOGHOCTU KYMPOMOHOB. BnusiHMe e KOHUEHTpauuu uoHoB mean (1) MonoXUTeNbHO CKasbIBaeTCs Ha
BbIX04€e M0 TOKY (HOPMMPOBAHUSI MOPOLLIKA UCCNeNyeMOro s/eMeHTa. JTO CBS3aHO C YBe/IMUEHMEM KOHLEeHTpaLumm
NPOMEXYTOUHbIX NPOAYKTOB - OAHOBA/NIEHTHbIX NOHOB MeaW.

CnefyeT OTMETUTb, YTO BO BCEX OMTMMAa/IbHbIX YCMIOBUAX 3/1EKTPONN3A B NPUKATOAHOM NMPOCTPaHCTBE Hab/to-
[aeTcs He3HauuTeNlbHOE KOJIMYECTBO KOJI/IOMAHOIO0 MOPOLLKA CefieHa, 3TO CBSI3aHO C y4yacTuMeM B peakuuu
OAHOBA/IEHTHbIX MOHOB. MpU BbICOKMX KaTOAHbIX MAOTHOCTAX TOKa TakXKe Hab/ofaeTcs YacTMUHOe 06pasoBaHue
ceneHuga Mean. STO CBS3aHO C TeM, UTO CBEXeob6pasoBaHHbIV MOPOLLOK CefleHa U Meau B3auMoeiicTBYOT ApYr C
Apyrom c obpasoBaHneM cefieHUaa meTanna.

KntoueBble C/l0Ba: CefeH, NMOPOLLUOK, BOCCTAHOBMEHWE, CeNEeHUT-UOH, Meapb (11).
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