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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 Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.
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INFLUENCE OF SULFUR CONTENT AS A PART OF A COMPOSITE
ELECTRODE ON ITS ELECTROCHEMICAL SOLUBILIZING
AT ELECTROLYSIS BY ALTERNATING CURRENT

Abstract. The studies at polarization of alternating current of the electroconductive sulfur-graphite electrode
with various ratio of sulfur 30+70% (masses) and graphite in a composite electrode are presented. The influence of
main parameters of electrolysis: densities of current, concentration, temperature of electrolyte, electrolysis duration
on sulfur electro dissolution are considered. The method of production of the electroconductive composite sulfur-
graphite electrode is developed. The maximum electrochemical activity of sulfur is reached at a ratio of sulfur and
graphite in an electrode of 50-65% and 35-50% respectively.

Key words: sulfur, sulfur-graphite electrode, electroconductive, electrooxidation-reduction, electrodissolution.

Introduction. Recently, due to the development of the oil processing industry and the intensifying
ecological situation, it is grown a matter of utilization of sulfur-containing waste of the refineries and
demand for the study of a possibility of effective oil waste recycling for the purpose of obtaining of the
sulfur compounds. In this regard, the problem of technogenic sulfur application is very relevant as the
amount of the stored sulfur annually increases in our country [1, 2]. As the main solution of this problem,
it will be a study of electrochemical properties of elementary sulfur in water solutions under the action of
alternating current and application of electrochemical methods of processing of sulfur-containing waste
along with traditional approaches.

The purpose of this work is the establishment of the influence of content of sulfur as a part of a
composite electrode on its electrochemical solubilizing at electrolysis by alternating current, regularities
and optimum conditions of electrochemical solubilizing of sulfur at polarization by alternating current
depending on various factors.

Methods. For the purpose of studying of the electrochemical behavior of sulfur, the method of
production of an operational electroconductive sulfur and graphite electrode were developed [3]. Produc-
tion of a composite sulfur and graphite electrode provide to the sulfur that is poorly carrying electric
current, electrochemical activity where sulfur is as the main reagent and cementing material for coupling
of disperse particles of powder of graphite, and graphite attaches to the electrode high electroconductive
properties [4].

The porosity and conductivity of a sulfur and graphite electrode depend on a percentage ratio of
sulfur and graphite. Due to this fact, we have conducted researches at the polarization of alternating
current of the electroconductive sulfur--graphite electrode with various ratio of sulfur and graphite in a
composite electrode.

Experiments were provided in the alkaline medium at a room temperature with a titanic wire elec-
trode with a working surface 2-10° m” and a sulfur and graphite composite electrode, the content of sulfur
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in which changed 30 + 70 %. The optimum density of current on a titanic electrode investigated by us
before [5] was 60 kA/m’.

Results and discussions. Results on application of admissible density of current at various content of
sulfur in the sulfur - graphite electrode are shown in table 1. For comparison, as well as values of admis-
sible density of current at the polarization of an electrode by a direct current are presented.

Table 1 — Admissible densities of current at the electrode polarization by various sulfur content

Ratio of sulfur and graphite, 30:70 40:60 45:55 50:50 60:40 65:35 70:30
mass, %
admissibles A/m’” (alternating 100 — 100 -
current) 100 — 700 1100 1000 | 100-900 | 100800 | 100600 | 40 - 125
fadmissibles A/M” (direct current) 50-400 | 50-500 | 50-400 | 50-300 | 50-250 | 50-150 | 50—100

It should be noted that electrochemical solubilization of sulfur at polarization by direct current
proceeds at a voltage of 12-15 V and above, and at polarization by alternating current — at 6,0-8,0 V.
These data demonstrate that at solubilization of sulfur under the influence of alternating current the
expense of the electric energy decreases about twice.

As a result of electrolysis, it is established that sulfur has electrochemical activity, there is involved
its oxidation with the formation of sulfite ions and reduction with formation polysulfide ions on the
following reactions respectively:

S° + 60H -4e” — SO;* + 3H,0

nS°+2e— S, >

E°=-0,657 B (1)
E°=-0,5B )

The study of influence of densities of current on the sulfur - graphite electrode (table 2) containing
various amount of sulfur has shown that at the content of sulfur in an electrode from 30 to 65% the
interval of optimum density of current equal to 250-350 A/m’ as further increase the density of current
leads to noticeable reduction formation of sulfite ions which make oneself understood by decrease in a
share of reaction of oxygen precipitation. In research area of densities of current, the maximum current
output on formation sulfite ions equals to 142-256%.

High content of sulfur in an electrode (70%) does not allow for the carrying out electrolysis at rather
high values of current density. At that the working interval of current density of electrolysis much taper
away (table 2) which was 40-125 A/m’ that is possible to explain by the decreasing of electric conduc-
tance of an electrode, at the same time the current output size of sulfite ions formation relative to the lowly
and doesn't exceed 83,3%.

Table 2 — Values of current output of formation sulfite ions in dependence from current density on a sulfur-graphite electrode
(i = 60 KA/m?, Craon = 2 mol/l, t =30 °C, 1= 0,5 h)

Sulfur content Current density, A/m’
in electrode (S:C), % 100 150 200 250 300 350 400
30:70 20,8 32,5 63,8 90,1 105,7 101,9 75,3
40:60 31,4 50,0 92,5 142,8 180,0 160,5 101,2
45:55 30,5 100,8 145,7 201,3 213,2 183,4 95,5
50:50 50,2 175,1 240,4 250,1 256,2 225,6 145,4
60:40 92,5 1273 165,2 192,3 207,5 187,4 150,0
65:35 15,1 60,0 115,0 145,2 156,3 142,5 85,3
Sulfur content in electrode Current density, A/m’
(5:6), % 40 60 80 100 115 120 125
70:30 29,8 37,5 51,1 56,5 76,2 81,4 83,3
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At the densities of current more than 125 A/m’, the electrode containing 70% of sulfur completely is
passivitied. This electrochemical behavior of sulfur would be expected, based on physicochemical
properties of sulfur, in particular, the fact that elementary sulfur is very bad conductor of electric current.

Results of researches of the influence of concentration of sodium hydroxide on current output of
current sulfite ions formation are shown in Table 3. At the content of sulfur in the electrode 30+70%
current output of sulfite ions formation by increasing in the concentration of NaOH from 1 to 6 mol/l is
decreased that likely, make oneself understood by reduction in the rate of electrochemical process because
of increase in an excess voltage of the main electrochemical reaction.

Table 3 — Current outputs of sulfite ions formation in dependence from concentration of sodium hydroxide
(i; = 60 KA/m?, igc = 300 A/m?, t = 30°C)

Sulfur content in electrode Concentration of NaOH, mol/l
(S:C), % 1 2 3 4 5 6
30:70 150,0 105,7 90,0 75,2 62,5 55,0
40:60 2253 180,0 152,5 128,9 105,4 80,7
45:55 240,2 213,2 180,0 165,0 139,5 115,7
50:50 255,1 256,2 250,8 230,4 205,9 160,5
60:40 2104 207,5 200,0 180,8 160,2 152,5
65:35 166,7 156,3 1354 125,0 102,3 86,7
70:30%* 1559 56,5 30,7 25,4 19,7 14,3
*Electrolysis were carried out at current density i, = 100 A/m? other conditions are analogous.

Special interest had the electrolyte temperature research on sulfur electrosolubilizing as from
literature it is known that with temperature increase its reactionary ability should increase.

Influence of temperature on a current output of a product formation in dependence on the sulfur
content an electrode is presented in table 4.

Table 4 — Values of current output on sulfite ions formation in depending on temperature
(i = 60 KA/m?, is.c = 300 A/m?%, Cyaon= 2 mol/l)

Sulfur content in electrode Temperature, °C

(5:C).% 20 30 40 50 60 70
30:70 125,0 105,7 82,5 63,9 38,7 25,0
40:60 212,5 180,0 165,0 137,3 118,7 90,2
45:55 174,8 213,2 198.7 1489 1153 75,0
50:50 250,1 256,2 224.9 185,6 150,0 1204
60:40 237,5 207,5 175,0 140,2 112,5 77,5
65:35 190,8 156,3 132,5 110,0 83,9 63,1
70:30%* 25,4 56,5 115,0 170,3 2250 280,7

By analyzing experimental data it is assumed, that at the sulfur content in an electrode of 30-65%
with growth of temperature is observed a decrease in current output on sulfite ions formation. At
concentration of sodium hydroxide more than 4 M and temperatures over 60°C obtained values the current
output on sulfite ions formation is decreased that is explained by the formation of polysulfide sulfur in
solution due to solubilizing on the mechanism of disproportionation (3):

2nS° + 60H — S,0;” + 2S,.,> + 3H,0. 3)

At the content of 70% of sulfur with current output on sulfite ions formation rectilinearly increases in
an electrode. It is established that with the increase in duration of electrolysis from 10 to 60 minutes, a
current output on sulfite ions formation decreases irrespective of the content of sulfur in electroconductive
sulfur-graphite electrode, that is explained by course of the course secondary process proceeding on it
(table 5).

— 3 ——
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Table 5 — Current output on sulfite ions formation depending on electrolysis duration
(i = 60 KA/m?, is.c = 300 A/m?%, Cyaon= 2 mol/l)

Sulfur content in electrode Electrolysis duration, min

(5:0), % 10 20 30 40 50 60
30:70 49,8 82,5 105,7 90,3 75,0 52,1
40:60 100,0 167,5 180,0 169,8 140,2 110,0
45:55 151,0 201,1 213,2 198,7 160,4 115,3
50:50 3253 265,3 256,2 215,3 175,0 135,6
60:40 462,5 301,2 207,5 110,7 90,3 40,7
65:35 2252 194,0 156,3 125,0 80,7 50,0
70:30%* 190,7 79,6 56,5 445 28,1 243

Based on the obtained results, it is established that the optimum sulfur content in the electrode is
located in the range of 30-70%, since at a sulfur content of less than 30%, the electrode has a low strength,
and when the sulfur exceeds 70%, a sharp increase in the electrical resistivity of the electrode occurs.

Conclusion. Thus, experimentally, it was established that the maximum electrochemical activity of
sulfur is achieved by a ratio of sulfur and graphite of 50-65% and 35-50%, respectively [6].This ratio of
sulfur and graphite in the electrode allows for its use in electrolysis for the synthesis of sodium sulfite. The
effect of the main electrolysis parameters on the electrical dissolution of sulfur was studied. It is estab-
lished that by increasing of the sulfur content in the electrode, the mechanism of the processes course
changes. When sulfur is used as the active material of the electrode, difficulties arise because of the low
electronic conductivity of sulfur. Tests of various materials showed that graphite is the most resistant,
good electronic conductivity and the ability to form conductive frames. When introducing graphite powder
into the composition of the active mass, a good current supply and uniformity of current distribution
throughout the electrode are provided due to the large contact surface of the sulfur with graphite. Due to
the high specific surface area of the phases, the use of a composite electroconductive sulfur-graphite
electrode allows obtaining high speeds of the processes taking place on it. The above mentioned results
indicate a high activity of sulfur-containing electrodes and the prospects of their application in the
electrolysis at polarization with alternating current for the synthesis of various sulfur compounds.
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AVHBIMAJIBI TOKITEH DJIEKTPOJIN3I KE3ITHJAEIT DJIEKTPOXUMUSJIBIK EPYIHE
KOMITO3UIIUOH/BbI JIEKTPOATBIH KYPAMBIHIATBI KYKIPT MOJIIHEPIHIH 9CEPI

AnHotanus. JXyMmeicta CinTiT OpTaja eHIIPIiCTIK alfHBIMAIIBI TOKIICH MOJIAPHU3ALUsIIAy Ke3eTi apHaibl KOH-
CTPYKLMSUTBI 3JIEKTPOABIHBIH KypaMbIHIaFb! KYKipT MemmepiHia (30-70 %) acepiH OHBIH 3JIEKTPOXHUMHUSUIIBIK epyiHe
3epTTeyNiH HoTwkenepi OepinreH. KykipTTiH epy ypIHiciHE TOK THIFBI3ABIFEL, JJIEKTPONUTTIH TEMIIePaTypacHl,
AIIEKTPOIIH3 Y3aKTHIFBIHBIH dcepIepi KapacToIppiuFaH. KykipT-rpaduT 37eKTpOIBIHBIH Kacay TOCIIi YCHIHBUIIBI )KOHE
apHaiBl KOHCTPYKIWSUIB 3JEKTPOABIHBIH KYPaMBIHAAFEl KYKIpT meH rpadut memmepiHiH 50-65 % sxone 35-50 %
colikeciHme OoyFaHaa KYKipTTiH MAaKCUMAIIBI SJIEKTPOXUMHSITBIK AaKTUBTLUTIKKE W€ O0IaThIHBI aHBIKTAIIIBL.

Tylin ce3nmep: KYKIpT, KYKIipT-rpaduTTi 3JeKTPoA, 3J1eKTPOTKI3TIIITIK, 3JeKTPOTOTHIFY-TOTHIKCHI3AAHY,
IJIEKTPOXUMHUSLIBIK epy.

A. K. MambipGekoBa', A. B. Baemos’, M. K. KacsimoBa®, A. A. Vpobiméaesa', O. H. Yeyuna®

'MeskayHapoiHBIH Ka3axcko-Typenkuii yuusepcuter uMm. X. A. Scasn, Typkecran, Kasaxcras,
*UHCTATYT TOIUIMBA, KaTanm3a 1 d1ekrpoxumun um. JI.B. Cokombckoro, AMaTsl,
b
*FOxHO-KazaxcTaHCKHit roCy1apCTBEHHbIH YHUBEpCHTET HM. M. Ay330Ba, LIIbIMKEHT,
4CaMapc1<I/1171 rOCyJapCTBEHHBIN TEXHUYECKUH yHUBepcuTeT, Camapa, Poccust

BJIUAHHUE COAEPKAHUSA CEPBI B COCTABE KOMIIO3ULIUOHHOI'O 2JIEKTPOJA
HA EE QJIEKTPOXUMHNYECKOE PACTBOPEHHUE ITPA 3JIEKTPOJIM3E NEPEMEHHBIM TOKOM

AnHoTanus. B paboTe mpoBeeHbl UCCIICIOBAHUS NIPU TOJISIPU3AIMHA IEPEMEHHOTO TOKA AJICKTPOIPOBOIHOTO
cepa-rpadHTOBOTO ANMEKTPOAA C pas3iaumyHbIM cooTHomeHueM cepbl 30 mo 70 % (macc.) u rpadura B KOMIO3H-
IIUOHHOM 3JIEKTpoJie. PacCMOTPEHO BIIMSHIE OCHOBHBIX IIAPAMETPOB AJIEKTPOIIH3a: INIOTHOCTH TOKA, KOHIICHTPAIIHH,
TEMIEepaTyphl 3JICKTPOIHUTA, MPOJODKUTEIFHOCTH AJIEKTPOIIN3a Ha 3JCKTpopacTBopeHue cepbl. Paspaboran crocod
M3rOTOBJICHHST DJIEKTPOIIPOBOJAHOTO KOMITO3HI[HOHHOTO Cepa-rpaMTOBOTO 3JEKTPOA. YCTAHOBJICHO, YTO MAaKCH-
MallbHask SIEKTPOXUMHUUYECKAsi aKTUBHOCTD CEePbI IOCTUIAETCS IPU COOTHOIICHUH Cepbl U rpadura B dnexrpoze 50-65
% 1 35-50 % COOTBETCTBEHHO.

KirueBble cjioBa: cepa, cepo-rpad)MTOBBIH 3JIEKTPO/, HJIEKTPOIIPOBOIHOCTD, JIEKTPOOKHCICHHE-BOCCTAHOB-
JICHHE, 3JICKTPOPACTBOPEHHE.

Caenenusi 00 aBTopax:

MawmeipbexoBa Aibkan KymexbaeBHa — K.X.H., ZOIEHT, MeXIyHapOJHbIH Ka3aXCKO-TYPELKHH yYHUBEPCHTET
nM. X. A. SlcaBu, TypkecraHn, MEAMIMHCKUH (haKyabTeT, Kadeapa 1abopaTopHEIX JUCHUILIMH, aigul akm @mail.ru

BaemoB A6ayanu baemosny — 1.x.H., npodeccop, akanemuk HAH PK, MuctutyT TOmumBa, Katanmsa u
anekrpoxumuu uM. [, B. Cokonmsckoro, Ammatsl, Kasaxcras, bayeshov@ mail.ru

KacemmoBa Maxa66ar KyanapikoBHa — K.X.H., JoueHT, FOxHO0-Ka3axcTanckuii rocy1apcTBeHHBIH YHUBEPCUTET
uM. M. Aya30Ba, [lIpiMkenT, Bricimas mkona mumeBoi HHXeHepuH, kKadeapa MUIeBoil HHKCHEPHH,
mahabbat 67@mail.ru

YpemmbaeBa Alryinp AKUMKaHOBHA — MPETIOAaBATENb, MeXIyHapOIHBII Ka3aXCKO-TYpPEeKHA YHUBEPCUTET UM.
X. A. ScaBu, Typkecran, MemuuuHCKui GakynbTeT, aigul.urymbayeva@mail.ru

Yeunna Onbra HukomaeBHa — 1.X.H., npogeccop, CaMmapcKuii rocyAapCTBEHHBIH TEXHUYECKUH YHUBEPCHUTET,
(hakyJIbTET MUIIEBBIX MPOM3BOJCTB, Kaeapa TEXHOJOTHH MHUILIEBBIX MPOU3BOACTB U Map(IOMEPHO-KOCMETHYECKUX
npoxykros, Camapa, Poccusi, chechinao@ yandex.ru
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