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Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
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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
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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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PRODUCTION OF CALCIUM SULPHIDE WITH USING
ELECTROPRODUCTIVE COMPOSITE SULFUR-GRAPHITE
ELECTRODE BY MEANS OF ELECTROCHEMICAL APPROACH

Abstract. This article provides the investigation results of the electrochemical process of calcium sulphide
production. For this purpose, an electrically conductive composite sulphur-graphite electrode specially designed by
authors was used. Sulphur and graphite are combined in this electrode in a proportion of 50:50. Electrochemical
synthesis of calcium sulphide was carried out by stationary electrolysis in an electrolytic tank with separated elec-
trode spaces. In order to separate the electrode spaces of the electrolytic tank, a cation-exchange membrane MK-40
was used. There is an influence of some parameters on the current yield of formation of sulphide ions. They were
studied. These parameters include the current density, the concentration of sodium hydroxide and the duration of
electrolysis. It is established that an increase in these parameters leads to an increase in the value of the current yield
of formation of sulphide ions. It is shown that sulphur in the sulphur-graphite electrode actively reacts with calcium
ions to form calcium sulphide. The maximum value of the current yield of calcium sulphide formation, produced by
the electrochemical method, is 90%. The results of x-ray phase analysis and infrared spectroscopy indicate the for-
mation of calcium sulphide. The electrochemical method for synthesis of calcium sulphide proposed by us is simple
and economically advantageous.

Key words: electrochemistry, sulphur, graphite, composite electrode, calcium sulphide, proportion, current
efficiency, membrane, current lead, synthesis.

The need for sulphur-containing compounds, such as sulphides, polysulphides, thiosulphates,
sulphites, alkali metal sulphates, etc., widely used in the chemical, petrochemical, tanning, metallurgical
and other industries is increasing every year [1-6]. To meet the demand of industries, it is necessary to
establish the domestic production of salts, in particular sulphides, based on sulphur generated by techno-
logy using simple resource-saving technologies [7-10]. In this regard, the creation of highly efficient
technologies for the synthesis of sulphur-containing multi-purpose products is an important task, and its
solution gives significant ecological and economic effect.

The electrochemical method of producing calcium hydrosulphide is simple and economically advan-
tageous and is required in the branches of the national economy. For example, calcium sulphide is widely
used in the ore-dressing treatment of non-ferrous metal ores as a sulphidizer. The approximate sodium
sulphide consumption, depending on the degree of ores oxidation, ranges from 10 to 600 g/t of oxidized
copper ore. One of the advantages of using calcium sulphide is its improved organoleptic characteristic
[11-20]. Calcium sulphide is odorless, which has a positive effect on the organization of occupational
safety and health.

Work objective. The investigation is concerned with the creation of an electrochemical technology
for the preparation of calcium sulphide solution (hydrosulfide) by means of an electrically conductive
composite sulphur-graphite electrode with an established percentage of sulphur and graphite (ratio 50:50)
in aqueous solutions of calcium chloride in membrane electrolyzers.

Research methods. For calcium sulphide production, the stationary electrolysis in the electrolyser
with electrode spaces separated by cation-exchange membrane-MK 40 was used. To provide electrolysis,
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an electrically conductive composite sulphur-graphite electrode with a ratio S and C of 50:50 is made.
Potentiometric method for determining the concentration of sulphide ions was carried out on an ionometer
H-160 MU, and a current-voltage method was performed on fluorat - 02-5M. The products obtained are
identified by X-ray diffraction and infrared spectroscopy.

Main results. The effect of the current density in a graphite current lead on the CY of calcium poly-
sulphide ions formation is studied. The results of the synthesis of calcium sulphides by the method of sta-
tionary electrolysis in the electrolyzer with electrode spaces separated by cathionite membrane (MK-40)
are shown in table 1.

Table 1 — Influence of current density in a graphite current lead on the current yield of polysulfide ions formation

i, A/m? 50 75 100 125 150

CY, % 35.0 45.0 65.0 85.5 86.0

Note: © = 0,5 hour, electrolyte mixture: 1,0M CaCl,, t =25 °C.

As we can seen from table 1, an increase in the current density leads to an increase in the current
yield of polysulphide ions formation. The maximum values of the current output are set in the current
density range from 110 to 150 A/m2.

We have investigated the effect of calcium chloride concentration and the duration of electrolysis on
the current yield of polysulfide ion formation. As has been already noted above, the concentration of
sulphide ions was determined by potentiometric and voltammetric methods. When increasing the
concentration of calcium chloride in the range from 0.25 to 1.0 M, an increase in the current yield of
polysulfide ions formation, respectively, from 30.0 to 98%, a further increase in the concentration up to
2.0 M does not lead to a significant change of current output (table 2).

Table 2 — Effect on the current yield of sulphide ions formation in sulphur-graphite lump electrode depending
on the concentration of sodium hydroxide

C,M 0.25 0.5 1.0 1.5 2.0

CY, % 29.1 64.7 90.0 90.1 90.0

Note: i=100 A/m%, t=25°C,t=0,5h.

The determination of the maximum value and inhibition of the current output growth is explained by
the achievement of high values of the electrical conductivity of the solution and saturation of the double
electrical layer of the electrode surface by polysulphide ions with cathodically reducing sulphur and
appearance of the diffusion limitation of the withdrawal from the surface of the reaction product. The
above explanation also corresponds to the regularities on the influence of the electrolysis duration on the
formation of hydrosulphide ions (table 3).

Table 3 — Influence of electrolysis duration on the current yield of sulphide ions formation

1, hours 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0

CY, % 13.6 25.0 38.8 48.1 55.0 70.0 71.5 72.5

Note: =100 A/m?, t =25 °C.

The electrolysis time interval from 0.25 to 1.5 hours favourably affects the current yield of poly-
sulphide ions formation from the composite sulphur-graphite electrode, and a further increase in time in
the interval of 1.5-2.0 hours results in a slight increase in the yield value the current of polysulphide
formation. Such a slowing down of the current output (insignificant growth) is explained by the fact that
when the electrode is continuously polarized from the S:C composition (50% -50%), the sulphur is
selectively etched, thus the sulphur content decreases and the surface is saturated with graphite, which in
turn, leads to an increase in the fraction of the hydrogen evolution reaction.
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The first experiments showed that sulphur in the sulphur-graphite electrode actively reacts with
calcium ions to form calcium sulphide, and the yellow colour of the solution indicates the presence of
polysulphide ions in the solution.

S’ +2e=S8" (1)
Ca™+S?=CaS )
nS’ +8?=8,? 3)
Ca™+S,%=CaS, 4)

The formation of polysulphide ions can proceed in the following directions, sulphur receives from the
graphite two electrons becoming a negatively charged ion and immediately combines with the calcium
cation. At the interface between the electrolyte-electrode (cathode) phases, a layer of sulphide ions of high
concentration is formed, which is a good solvent of elemental sulphur, form polysulphides.

Figures 1 and 2 show experimental data obtained by X-ray diffraction analysis and infrared spec-
troscopy of the produced electrolysis product.
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Figure 1 — X-ray pattern of calcium sulphide

Figure 2 — Diagram of IR spectroscopy of hydrosulphide and calcium sulphide
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Data of X-ray phase reflections from the card file (ASTM 8-464) (2.85x 3.017-1642) show the
formation of calcium sulphide.

The explanation of the obtained IR spectroscopy diagrams also confirms the formation of calcium
sulphide. This method also shows the presence of electrosynthesis in the product, in addition to calcium
sulphide and calcium hydrosulfide.

Conclusions. Thus, in aqueous solutions of calcium chloride, the possibility of obtaining a solution
of calcium sulphide (hydrosulphide) by means of an electrically conductive composite sulphur-graphite
electrode with an established percentage of sulphur and graphite (ratio 50:50) is shown. It is determined
that at the interface between the electrolyte-electrode (cathode) phases, a layer of sulphide ions of high
concentration is formed, which is a good solvent of elemental sulphur, form polysulphides.
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WuctutyT TOTmBa, Katanusa u snektpoxumun uM. [1. B. Cokonsckoro, Anmater, Kazaxcran

MMOJYYEHHE CYJb®UJA KAJTBIUSA
C HCITOJIB30BAHHMEM J2JIEKTPOITPOBOJHOI'O KOMITO3ULIMOHHOI'O
CEPA-TPA®UTOBOI'O JIEKTPOJA JIEKTPOXUMHNYECKUM METOJIOM

AnHoTtaums. [IpuBeneHbl pe3yibTaThl UCCIIEIOBAHUS AIEKTPOXHUMHUYECKOrO MpoLecca IMOMy4YeHUs Cynbhua
Kanblus. Js TaHHOM LeNM WCIONB30BaH CIICLHMAIBLHO W3TOTOBICHHBIN aBTOPaMH 3JIEKTPOIPOBOIHBIH KOMIIO3H-
UOHHBINA cepa-TpaduTOBHIN AekTpoa. B manHOM smektpone cepa u rpadut ObUIH B3ATH B cooTHomeHnn 50:50.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

DNEKTPOXUMHIYECKUH CHHTE3 CYIb(HIa KaJbIHA IPOBOIIIICS METOJOM 3JEKTPOIN3a B DIEKTPOIM3EPE C pa3ieIcH-
HBIMH 3JICKTPOTHBIMHU MPOCTpaHCTBaMU. Il pa3feNieHus 3IIEKTPOJHBIX MPOCTPAHCTB AIIEKTPOIH3epa IPUMEHIIACh
katnoHuToBass MmeMOpana — MK-40. Ha Bexon mo Toky oOpa3oBaHus CyTb(UA-HOHOB UCCIEIOBAHO BIISIHAE TAKUX
MapaMeTPoB, KaK - INIOTHOCTh TOKA, KOHIICHTPALU THAPOKCHIA HATPHUS M IPOJOIDKUTENIFHOCTD AIIEKTPONIn3a. YCTa-
HOBJICHO, 4TO yBEJIMYCHUE YKA3aHHBIX MMapaMeTpOB MPHUBOAUT K BO3PACTAHUIO 3HAYCHUsI BBIXOJA MO TOKY 00pa3o-
BaHMs CyJb(GUI-UOHOB. [loka3aHo, 4TO cepa HAXOJIIAsACs B COCTAaBe cepa-rpauTOBOrO 3JIEKTPO/Ia, aKTUBHO BCTY-
MACT B PEAKIIUIO C KAIBIUI-HOHAMH ¢ 00pa30BaHUEM Cyb(huIa Kalblusa. MakCuMalbHOE 3HAUCHHE BBIX0JIA TI0 TOKY
00pa3oBaHus Cyab(puIa KaIbIHs, MTOJTYYCHHOTO IEKTPOXUMUYCCKUM MeTo1oM, paBHsiercs 90%. Pe3ynbraTsl peHT-
reHo(a3oBoOro aHajinsa U MHOPAKPACHON CIEKTPOCKOIIUH CBUACTEILCTBYIOT 00 00pa3oBaHMU CYJIb(HUIA KaIbIUS.
[Mpennaraemslii HAMH SJIEKTPOXUMHUYECKUH CIIOCO0 MOTy4eHHs CyIb(HUIA KaJbLUs IPOCT K SKOHOMUYECKH BBITO/ICH.

Ki1roueBble cJI0Ba: JIEKTPOXUMUS, cepa, rpauT, KOMIO3UIIMOHHBII 3JIEKTPO, CYJIb(GH KAJIbIHSI, COOTHOILE-
HHeE, BBIXOJ] 110 TOKY, MEMOpaHa, TOKOIIO/IBOJl, CHHTES.

A. Baemos, A. E. Konyp0aes, Y. A. AdayBanueBa,
H. b. Capcenoaes, A. b. Maxan6etos, /I. A. AOu:xaHoBa

J. B. CoxonpCKuii aTBIHAAFHI )KaHApMaii, KaTalu3 )KOHE 3JIEKTPOXUMHUSA HHCTUTYTHI, Anmatsl, Kazakctan

SJIEKTPOTKI3TTIITI KOMITIO3U L USIJIbI
KYKIPT-I'PA®UTTI SJIEKTPOATHI KOJIIAHA OTBIPBIIT
SJIEKTPOXUMMUSAJIBIK 9AICIIEH KAJIBIIUU CYJIb®UAIH AJTY

AnHoTanus. Makanana Kaibui CymbOHUIIH JMEKTPOXUMILUIBIK KOJIMEH ally MPOIECCiH 3epTTey HOTIKeIepi
kentipinredn. On yIIiH aBTOpiap apHAWBl NadbIHAAFaH SJCKTPOTKI3TIMITI KOMITO3WUISUTBI KYKIpT-TpaduTTi 3Iek-
TpoAbl KommaHeUAbl. By smekrponra kykipt meH rpadur 50-50 apa canmmakra amsiHapl. Kamermwii cymsOumiHIH
3NEKTPOXUMHSIBIK JKOJIMEH CHHTE31 JJIEKTPOATHIK aiMaKTapbl O6JIHI€H JIEKTPOIN3ePAe dIEKTPOIN3 apKbUIbI JKYP-
rizinai. DIeKTPOIU3epIiH AEKTPOATHIK aiiMakrapsl kaTnoHUTTI MemOpana MK-40 apkpuibl Oemninren. Cynbhua-
MOHJAPBIHBIH TY3UIyiHiH TOK OOHBIHIIA INBIFBIMBIHA TOK THIFBI3IBIFEI, HATPHH TMAPOKCHAI KOHIEHTPALMACH JKOHE
AJIEKTPOJIM3 Y3aKTBIFBI CHSKTHI MapaMeTpiiepIiH ocepi 3epTTeii. ATaiFaH IapaMeTpliepAiH MOHAEPIHIH KOFapbl-
Jaysl CyJIb(GUI-UOHIAPBIHBIH TY3UTYiHIH TOK OOWBIHIIA NIBIFBIMBIHBIH JKOFAPbUIAYbIHA AJIBIN KEJICTIH/ITT aHBIKTAJI/IBL.
KyKipT-rpadut 31eKTpOIbIHBIH KypaMbIHIAaFbl KYKIPT KaJbIMH-HOHAAPHIMEH OEJICeHAl peaklMsFa TYCIll KaJbLMH
cynbpuai TY3UIETIHAINT KepceTunal. DIeKTPOXUMMSIIBIK >KOJIMEH allblHFaH KalbLUi Cyiab(uai TY3UIyiHIH MakcH-
Maspi TOK INBIFBIMBI 90%-fa TeH. PeHTreHodaszanblKk aHain3 jkoHEe HH(PAKBI3BUI CIIEKTPOCKOIHMS HOTIDKENepi
KaJbLUi Cynb(QUIl TY3UIETIHAIrIH KopceTTi. bi3 yCHIHBIN OThIpFaH KajublUuil Cyab(UAIH aXyAblH 3JIEKTPOXUMHUSIIBIK
9IIiCi SKOHOMUKAJIBIK YKaFbIHAH THIMII 9pi KaparaibiM OOJIBIIT TaObLIa bl

Tyiiin ce3aep: SJICKTPOXUMHUSA, KYKIPT, rpaduT, KOMIO3HIUSIIBI SJEKTPOI, KAIBIHA CYyIb(HII, apa caaMak, TOK
IIBIFBIMBI, MEMOpPaHa, TOKXKOJIBI, CHHTE3.
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