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ANODIC DISSOLUTION OF TITANIUM
IN SULFURIC ACID BROMIDE SOLUTIONS

Abstract. Titanium is inert in many different oxidizing environments, prone to passivation. The metal is
chemically insoluble in acids, resistant to corrosion and environmental impacts. In the present work, the dissolution
behavior of titanium electrode in the sulfuric acid bromide solution under anodic polarization was shown for the first
time and laws of the process were determined. The effect of the anode current density (200-1200 A/m?), potassium
bromide solution (1.0-5.0 M) and sulfuric acid concentration (0.5-2.5 M), solution temperature (25-80 °C) and
electrolysis duration (0.5-2 hours) on the current output of titanium dissolution were considered. With an increase the
current density at the anodic polarized titanium electrode from 200 A/m? to 600 A/m?, the current output (CO) of
titanium dissolution increases, and at higher current densities, a decrease in CO of titanium dissolution is observed
due to the appearance of an oxide coating on titanium surface. The influence of the Br~ ion concentration and the
sulfuric acid concentration was studied separately with the aim of systematically studying the effect of the electrolyte
nature on the dissolution of titanium. With an increase of the bromide ions concentration, poorly soluble bromide
compounds are formed, which leads to a decrease in the CO of the anodic dissolution of titanium. An increase in the
concentration of sulfuric acid, i.e. the concentration of hydrogen ions contributes to the dissolution of titanium, the
CO of the anodic dissolution of titanium increases. A 1.5 times increase in the CO of titanium was observed upon
acidification of an aqueous electrolyte containing Br ions with 0.5 M sulfuric acid and an increase in the
concentration of bromide ions. However, with an increase in the concentration of sulfuric acid in the bromide
solution, the CO of the anodic dissolution of titanium increased significantly and reached 70%. The CO of titanium
dissolution has a maximum value in a 2.5 M solution of sulfuric acid and in a 1.0 M solution of potassium bromide.
The reaction order of the electrode process during electrolysis with sulfuric acid was calculated and it was shown that
the reaction proceeds under diffuse conditions. An increase in the duration of electrolysis leads to concentration
polarization due to the accumulation of electrolysis products on the eclectrode surface and slows down the
electrochemical dissolution of titanium. The CO of the dissolution of the titanium electrode abnormally decreases
with increasing temperature of the electrolyte. The influence of the basic electrochemical parameters on the
dissolution of the titanium anode was studied and the optimal conditions for its dissolution were established. It was
found that under optimal electrolysis conditions, the current output of dissolution of titanium has a value of more
than 70%.

Key words: titanium, electrolysis, current output, anodic dissolution, potassium bromide, sulfuric acid.

In comparison with pure chemical methods, electrochemical methods allow to obtain high quality
products in a simple and inexpensive way. In addition, it contributes to the development of new methods
for the study and protection of corrosion processes in metals [1]. Also electrochemical methods will give
an opportunity to investigate the electrochemical dissolution behavior of Ti alloys in aqueous solutions
and explain the unique phenomena during its dissolution [2].

The specific properties of titanium and its alloys, such as lightness and corrosion resistance, have
been widely used in all fields from aviation to nuclear production. Titanium is a thermodynamically active
metal, but the oxide shell, which is always on its surface, allows this metal to have a stable corrosion
resistance [3, 4].
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Obtaining compounds of high melting temperature soluble and sparingly soluble metals by the
electrochemical methods is one of the topical issues of today [5 - 7].

It is well-known from literature data that titanium clectrode in sulfate, chloride, neutral and acid
solutions does not dissolve in the anodic polarization. Titanium oxide (TixOy) appears on the surface of
anode polarized titanium electrodes and the current passage through the electrochemical circuit stops [8].
In the studies of A.B. Bayeshov and other scientists, the intensive dissolution of titanium electrode by
forming salts in the sulfate, chloride, fluoride acid solutions when polarized with 50 Hz alternating current
was shown [9 - 11]. The study investigated electrochemical properties of titanium electrode polarized with
industrial alternating current in the media containing fluoride ions and in the phosphorus, hydrochloric,
sulfuric acid media and provided optimal conditions for titanium electrode dissolution. The study result
determined titanium electrode dissolution with high current output in various acidic environments
containing fluoride ions. As a result, it was shown the possibility to obtain titanium salts [12, 13].

In our previous studies, titanium oxidation current was recorded by cyclic polarization curves and an
intensive dissolution of titanium electrodes polarized by industrial alternating current of 50 Hz frequency
in bromide acidic media was shown [14, 15].

The literature review results showed that the electrochemical properties of titanium electrode in
bromide aqueous media were not fully studied [16 - 22].

In the present work, for the first time, we present the study results of the anodic dissolution laws of
titanium e¢lectrode polarized by the direct current. The effect of the main parameters (current density,
solution temperature and electrolyte concentration) on electrochemical dissolution process of titanium
clectrodes was considered.

Figure 1 describes the current density effect on current output of titanium electrode dissolution
polarized by anodic current in sulfuric acid bromide solution. From the study results, it is possible to see
an increase of the current output of titanium electrode dissolution from 31% to 55% when the current
density was increased in the range from 200 to 1200 A/m?, while a slight decrease up to 47% can be
observed beginning from 600 A/m*. The decrease in the current output of titanium dissolution at a current
density of 800-1200 A/m? is due to the formation of oxidized layer on the titanuim surface during high
current density and the occurrence of the passivation process or additional reactions.
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Figure 1 - The current density effect in the titanium electrode
on the current output of titanium dissolution polarized by anodic current

The effect of potassium bromide concentration on the dissolution properties of direct current (DC)
polarized titanium in bromide aqueous solutions was studied in neutral medium without the presence of
acid (Figure 2). The studies result showed that, as the potassium bromide concentration was increased in
the range of 1.0-5.0 M, the current output of titanium electrode dissolution decreases from 38% to 10%.
This phenomenon is due to a solubility decrease of the titanium bromide formed on the titanium surface.
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Figure 2 - The potassium bromide concentration effect on current output
of titanium electrode dissolution polarized by anodic current

The following figure shows titanium electrodes used in electrolysis (Figure 3). It is possible to
observe the complete insolubility of the cathode polarized electrode and the active dissolution of the anode
polarized titanium electrode.

Figure 3 - The surface state of titanium electrodes used during electrolysis:
(a) is used as cathode and (b) as anode

In the following study, the current output of titanium was investigated in the presence of sulfuric acid
since the current output of titanium dissolution in bromide aqueous solutions had low value (Figure 4).
When the sulfuric acid concentration is increased up to 0.5-2.0 M, the current output value of the titanium
dissolution gradually increases from 26.7% to 48%. This phenomenon is due to the interaction of sulfate
ions with titanium ions and its creation of a favorable condition for the formation of titanium soluble salt.
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Figure 4 - Sulfuric acid concentration effect on current output
of titanium electrode dissolution polarized by anodic current
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It should be noted that the electrolyte color is white-yellow and it forms white loose tissues in the
range of 0.5-1.0 M sulfuric acid concentration, while in the range of 1.5-2.5 M the ¢lectrolyte color
changes to blue purple and a blue colored thick layer appears (Figure 5). The appearance of the white
tissue is due to the discharge of hydrogen ions in the cathode and the increase of the electrolyte pH and the
hydrolysis of titanium ions, and blue-purple colour shows the formation of titanium (III) sulfate.

The potassium bromide concentration effect was investigated in the solution in which the potassium
bromide solution was oxidized with 0.5 M sulfuric acid since the current output of the anode current
polarized titanium electrode does not exceed 48% in the sulfuric acid media (Figure 6a). The more the
potassium bromide concentration is increased, the less a decrease in current output is observed.

Figure 5 - Electrolytes that are changed in color as a result of electrolysis:
(a) — at the initial stage, (b) — the change by the end of reaction

Initially, 1.0 M potassium bromide and 0.5 M sulfuric acid oxidized bromide ions contributed to
better titanium dissolution (CO - 53%), and the weak solubility of the electrolyte due to the increase of the
potassium bromide concentration can be explained by the formation of bromide compounds and the
passivation of titanium electrode surface.

At this point, as the potassium bromide concentration effect (Figure 6a) was considered, the current
output value of titanium dissolution was reduced to a straight line, but it should be noted that in
comparison with it the total current output increases 1.5 times.

Figure 6(b) shows the sulfuric acid concentration effect on current output of anode current polarized
titanium electrode dissolution in electrolyte containing 1.0 M potassium bromide.
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Figure 6 - Potassium bromide (a) and Sulfuric acid (b) concentration effect
on current output of titanium electrode dissolution polarized by anodic current

As the hydrogen ions concentration in the solution is increased, a gradual increase of the current
output value of titanium dissolution is observed. The increase of the sulfate ions concentration creates a
favorable condition for the titanium dissolution. According to this dependence result (Table 1) the reaction
rate for bromide ions calculated which was equal to 0.5.
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Table 1 - Electrode reactions rate on sulfuric concentrations acid during the electrolysis

Neo Ca lgC=x I y=lgi Xy x2

1 0,5 -0,301 500 2,69 -0,809 0,09
2 1 0 550 2,74 0 0

3 1,5 0,176 600 2,78 0,489 0,03
4 2 0,301 650 281 0,84 0,09
5 2,5 0,397 700 2,84 1,13 0,157
b3 - 0,57 - 13,858 1,65 0,367

The calculations were made in accordance to the table 1 and the reaction rate was calculated
according to the following formula:

_nZx-y-3x-Ty_5-(,65-(0,57-13858) .
nEx®—(Zx) 5-0157 —(0,367)* ’

This, in turn, indicates that the reaction takes place in a diffusion environment.

The following figure shows the electrolysis duration effect on the current output of titanium electrode
dissolution (Fig. 7). As the ¢lectrolysis duration increases, the current output decreases; it can be explained
by the occurrence of concentration polarization due to the accumulation of electrolysis products on the
electrode surface as the electrolysis time increases.
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Figure 7 - The electrolysis duration effect on the current output
of titanium electrode dissolution polarized by anodic current

The electrolyte temperature effect on the current output of DC polarized titanium -electrode
dissolution was considered (Figure 8). When the electrolyte temperature increased, a decrease of the
current output from 554% to 27.6% was defined. The explanation of this anomalous phenomenon

requires additional studies.
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Figure 8 - The electrolyte temperature effect on the current output
of titanium electrode dissolution polarized by anodic current
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In conclusion, the electrochemical properties of the anode current polarized titanium in the acid
bromide solution were investigated for the first time. The increase of the bromide ions concentration leads
to a decrease in the current output of titanium anode dissolution, while the increase of the sulfuric acid
concentration in the titanium anode dissolution increases the current output of titanium anode dissolution.
In optimum conditions, it was shown that the current output of titanium dissolution was above 70%.

P.H. Hypaisutaesal, A.B. Baemos?, IIL.X. Xaou0yuiaepal

'Kosxa Axmer Scaym aThiHAaFsl XaNbIKAPAIbIK KA3AK-TYPik yHHBEpCHTETI, TYpKiCTaH;
2J1.B.CoxonbCkuit aTbiHaars! JKaHapMal, KATaIu3 XKOHE SJEKTPOXAMES HHCTHTYTHI, AJIMATHI

KYKIPT KbIIIKGLLIEI BPOMUAJ EPITIHALTEPTHAETT THATAHHBIH AHOJTEI EPYI

AnHOTanmust. TUTAH KONITETCH TOTHIKTHIPFBIII OPTANAPAA HHEPTTIITIMEH CPEKIIEICHE ], ITACCHBAIsFa OCHiM.
Merann KelIIKbLIIAPJA XUMISUIBIK SKOJIMEH epiMEal, KOPPO3HIFa yKOHE KOpIIAraH opra acepine Tesimai. Kazipri
TAaHTA KOJIAHBULY asChl KCH OOJFAHIBIKTAH THTAHABI CPITIN, TYPIl KOCBUIBICTAPBIH AJyJIbIH MAHBI3BI YIKCH.
YCBHIHBUIBINT OTHIPFAH YXYMBICTA KYKIPT KBIIIKBUIBIMCH KBINIKBUIIAHFAH OPOMEITI CyJbI CPITIHAICIHIE AHOATHI
TOJLIPH3ANMSUIAY KE3IHAC THUTAH 3NICKTPOABIHBIH CPUTIHAIN aJFANI PET KOPCETUIAI JKOHE IPOLECTIH 3aHIBLIBIKTAPHI
AHBIKTAJOEL. THTAH 3CKTPOIBIHBIH AHOATHI CPYiHIH TOK OOHBIHINA IIBFRIMBIHA TOK THIFBI3ABIFBIHBIH (200-1200
ANP), kammit 6pommmi (1,0-5,0 M) koHe KYKIipT KeHOKBLIBI (0,5-2,5 M) KOHICHTPAUMAIAPHLIHBIH, CPiTiHIL
temmeparypaceiHbiH  (25-80 °C), snekrpomu3 Y3akTeFBHBH (0,5-2 car.) ocepruepi KapacTBHIPBUIABL. AHOITHI
NOJAPH3AUUANAHFAH TUTAH SIEKTPOIBIH/IAFBI TOK THIFBI3ABEBH 200 A/M>-nen 600 A/M-Te apTTBIPFAH/IA, THTAHHBIH
epyiHiH Tox OotbrHmA wmeFeMEL (TLL) skoFapbuian, OJAH KOFAPHl TOK THIFBI3IBIKTAPBIHAA THUTAHHBIH OCTiHIC
TOTBIKTHI KaOATTHIH Taiga OONybIHA OAMIAHBICTHI TOK OOMBIHINA INBIFBIMHBIH TOMCHACHTIHIIN KOPCCTiMAL
THTaHHBIH €pYIHE 3IEKTPOIUT TAOWFATHIHBIH OCEPIH KYHEI 3epTTey MAaKCaThIHAA Br MOHIAPBIHBIH KOHIICHTPA-
IISICBIHBIH, KOHE KYKIPT KBIMIKBIIBI KOHICHTPALMSICHIHBIH JCEpJEpl JKEKEe 3epTTenai. BpoMua HOHAAPHIHBIH
KOHICHTPALMSCHIHBIH APTYBIMCH HANIAP CPUTIH OPOMEJ KOCBUIBICTAPBI TY3LIIIN, HOTIDKECIHIEC THUTAHHBIH AHOITHI
epyiHiH TOK OOMBIHINA IIBFBIMBI TOMCHACHTIHIITI kKepceTinai. KyKipT KbIMIKbIIBI KOHIECHTPAUWSICHIHBIH 6CYIMCH,
JEMEK, CYTEK HOHIAPHIHBIH KOHICHTPALICHIHBIH aPTYhl TUTAHHBIH CPYIHE BIKMAN YKACall, THTAHHBIH AHOJITHI
epyiHiH TOK OOWBIHIIA NIBIFBIMBI >KOFAPBUIAMTHIHABIFBI aHBIKTANABL. Kypambiaa Br wmoHzmapsr Oap cyisl
anekTporutTi 0,5 M KYKIPT KbIIIKBUIBIMEH KBIIIKBUIAAI, OPOMHAI HOHIAPBIHBIH KOHIIEHTPAIUCHIH KOFAPhIIIATKAHIA
TUTaH €PYiHIH TOK OOMBIHIIA IIBFBIMBI 1,5 ece apTysl OalKamapl. Al, OPOMUATI EPITIHAIACTI KYKIPT KbIIIKBIIBIHBIH
KOHICHTPALMSCHIH APTTHIPFAHA THTAHHBIH AHOATHI CPYIHIH TOK OOMBIHINA MIBIFBIM MOHI aHAFYPIBIM apThin, 70%-fa
skeTTl. TWTaHHBIH epyiHiH TOK OOMBIHINA IHBFBIMBI 2,5 M KYKIpT KbIUKBIIEI koHE 1,0 M kammit Opommmi
EpITIHAICIHAC MAKCHMAJIBI MOHAI KOPCeTTi. DJICKTPONW3 KE3iHAC >KYPETIH JNEKTPOATHIK PEAKIMAHBIH KYKIPT
KbIIIKBLTHI OOMBIHINA PEAKIHS PETI ECENTEIII, PeaKUMIHBIH AUy 3HIBIK 0pTaga KYPETIHAITIH KOPCETTI.

DIEKTPOIN3 Y3AKTHIFBIH aPTTHIPFAH CAWbIH 3JICKTPO/ OCTIHIE JIEKTPOIH3 6HIMIACPIHIH KHHAKTAIYbIHA Oaka-
HBICTBl KOHICHTPAIMSUIBIK TOJUIPU3ALMSA TYBIHJAIN, HOTIDKCCIHAC THTAHHBIH JICKTPOXHUMILIIBIK €pyl Oasymai-
TBIHABIFBl KOPCETLIAL. DIECKTPOJUT TEMIICPATYPACHIHBIH >KOFAPBUIAYBIMEH THTAH JIICKTPOABIHBIH EpPYiHIH TOK
OOMBIHINA MIBIFBIMBI AHOMAJTBBI TOMEHICHTIHAITT AHBIKTANABL. THTAHHBIH AHOATHI EPYiHE HET13T1 AMEKTPOXUMHIIBIK
TMapaMCeTPICPAIH dCepacpl KYHE 3¢pPTTEIiN, OHBIH CPYiHIH OHTANIBI KAFIAMIAPEI KATBIMTACTHIPHUTABL JICKTPO-
TM3IiH OHTANIIbI YKaF TaHIApBIHAA THTAH €PYiHIH TOK OOMBIHIIA IBFBIMEL 70%0-1aH sKOFaphI OOJATHIHBI AHBIKTAIIEL.

Tyiiin ce3aep: THTaH, 37MCKTPOIIHN3, TOK OOMBIHIIA IIBFBIM, AHOATHI Py, KATHH OPOMUI, KYKIPT KBIIIKBIIBL.

P.H. Hypauanaeral, A.B. Baemos?, IIL.X. Xa6u0ymriaera!

"Meskay HapOAHBIN KA3aXCKO-TYPEUKHI YHUBEPCUTET UMEHH X0mKkH Axvena Scasm, TypkecTan,
"MHCTUTYT TOILIMBA, KATANK3A M dNekTpoxuMur uM. J[.B. CoxoIbCcKOro, AIMaThi

AHOJHOE PACTBOPEHHME TUTAHA B CEPHOKHCJIBIX BPOMHW/JHBIX PACTBOPAX

AnHoTanmusi. THTaH OTJIMYACTCS WHEPTHOCTBEO BO MHOTHX OKHCIMTEIBHBIX CPEAAX, CKIOHCH K IMACCHBALIMH.
Mertamn XUMHYECKH HEPACTBOPHUM B KHCIOTAX, YCTOMYHB K KOPPO3HH M BO3ACHCTBHAM OKPYXKAOIIECH cpeasl. B
HACTOANIECE BPEMs B CBSI3H C IMMPOKOH OOJACTHIO NMPHMEHECHHS PACTBOPEHHIE THTAHA C ITOJIYUCHUEM PA3IUIHBIX €TO
COCAMHCHUH SIBIICTCA OYCHb AKTYalbHbIM. B maHHO# padore BHEpBBIC MOKA3aHA BO3MOXKHOCTb PACTBOPCHUS
THUTAHOBOTO 3JIEKTPOJA NMPH aHOJTHOW MOJSIPU3ANNHU B CEPHOKUCIIBIX OPOMHIHBIX BOJHBIX PACTBOPAX W OIPEACIICHBI
3AKOHOMEPHOCTH IIponecca. PACCMOTPEHO BIMAHME ILIOTHOCTH AHOAHOTO Toka (200-1200 A/M7), KOHLIEHTPAIUH
pacteopa Opommaa kxamus (1,0-5,0 M) u cepmoit xmcuorsl (0,5-2,5 M), Temmeparypsl pacteopa (25-80°C),
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MPOJOJDKUTEILHOCTH 3IeKTposm3a (0,5—2 yaca) Ha BBIXOJ MO TOKY AHOJHOTO PACTBOPEHHUS THTAHOBOTO 3JICKTPOJA.
INpH NMOBHIEHHA TIOTHOCTH TOKA HA AHOIHO-TIOAPH30BAHHOM THTAHOBOM JIEKTpoae oT 200 A/m? no 600 A/m?
BbIXoa mo Toky (BT) pacTBOpeHMs THTaHA TMOBBHIMIACTCS, A MPH OOJEE BBHICOKUX IUIOTHOCTSAX TOKA HAOIFOJANOCH
CHIDKCHHUE BBIXOJA IO TOKY PACTBOPEHHUSA THTAHA M3-34 MOABICHHA OKCHIHOTO IMOKPBITHA HA MOBEPXHOCTH THTAHA.
BiaugHue KOHLUCHTpAUUH HOHA Br' W KOHICHTPALMH CEPHOH KHUCIOTHI HCCICAOBANOCH OTACIBHO C ILETBEO
CHCTEMATHYCCKOTO M3YYCHHA BIWAHHA NPHUPOABI JICKTPOMHTA HA PACcTBOpeHHE THTaHA. IlokaszaHo, 4to C
VBEIMYCHHEM KOHLCHTPAUUH OpPOMHI-HOHOB 00pa3yIOTCS IUIOXO PACTBOPHMBIC OPOMHUIHBIC COCAMHCHHS, 4TO
MPUBOAUT K YMCHBHICHHIO BBIXOAA IO TOKY AHOJHOTO PACTBOPCHHMSA THTAHA. YCTAHOBICHO, YTO YBEIHYCHHE
KOHICHTPALMH CEPHOI KHUCIOTHI, T.€. KOHICHTPAIIMKA HOHOB BOJOPOJA CIIOCOOCTBYET PACTBOPCHHUIO THTAHA, BBIXO.
MO0 TOKY AHOOHOTO PACTBOPCHHH THUTAHA YBEIMYUBACTCA. YBCIMYCHHE BBIXOAA MO TOKY THTaHa B 1.5 pasa
HAOMFOJANOCh TIPH TOJKUCICHUH BOJHOTO JJICKTPOJNHTA, coAcpskamero moHsl Br 0,5 M CcepHOM KHCIOTOH H
TMOBBINICHAN KOHICHTPAIMH OpoMHI-HOHOB. OTHAKO C VBCIMUCHHEM KOHIICHTPALMH CCPHOM KHCJIOTHI B PACTBOPS
OpoMmIa BEIXOA IO TOKY AaHOJHOTO PACTBOPEHHUS THTAHA 3HAUMTENIBHO yBEeImumics u goctur 70%. Bexoa mo Toky
PACTBOPEHHUS THTAHA MMEET MAKCHMANBHOE 3HAauYcHHE B 2.5 M pacteope cepHOH kucmoTel u B 1,0 M pactBope
O6poMmma kamma. PaccuwTaH MOPSITIOK PeakIHM 3JICKTPOJHOTO IPOLECCA MPH 3JEKTPOJHM3E MO CEPHOHM KUCIOTE W
TMOKA3AHO, YTO PEaKIHA MPOTCKACT mpH AUD(Y3HOM PSIKIME.

IToxasaHO, YTO YBEIMUYCHHUE MPOJODKATEIBHOCTH 3NIEKTPOIN3a NPHBOAUT K KOHICHTPAUOHHON MOIAPH3ALHH
HM3-32 HAKONICHHMA MPOAYKTOB DSJICKTPOIN3d HA MOBEPXHOCTH JNEKTPOJA H 3aMEABIET JICKTPOXHMHUYCCKOE
pacTBOpeHHE THTAaHA. BbUIO OOHAPYKEHO, HYTO C IOBBIOICHWEM TEMICPATYPHI JIICKTPOIMTA BBIXOJ IO TOKY
PACTBOPEHHUS THUTAHOBOTO 3JICKTPOAA AHOMANBHO CHIDKACTCA. VI3yUEHO BIMAHHME OCHOBHBIX JICKTPOXHMHYCCKHX
MAPaMETPOB HA PACTBOPEHHE THTAHOBOTO AHOAA M YCTAHOBICHBI ONTHMAJIBHBIC YCIOBHA €r0 PacTBOpeHHA. bwiio
YCTAHOBJICHO, YTO MPH ONTHMAIBHBIX YCIOBHAX 3JICKTPOIM3A BBIXO MO TOKY PACTBOPCHUA THTAHA MMEET 3HAUYCHUE
6osee 70%.

KiioueBbie cjioBa: THTaH, 3JMEKTPOIM3, BBIXOA IO TOKY, AHOJHOEC PACTBOPCHHE, OpOMMA Kalws, CEpHAs
KHCJIOTA.

Information about authors:

Raushan N. Nurdillayeva — Candidate of Chemistry Science, Associate Professor, Head of Ecology and Chemistry
Department of Natural Sciences Faculty, Khoja Akhmet Yassawi International Kazakh-Turkish University, E-mail:
raushan.nurdillayeva@ayu.edu.kz, https://orcid.org/0000-0001-9444-737X;

Abdualy Bayeshov — Doctor of Chemistry Science, Professor, Academician of the National Academy of Sciences of the
Republic of Kazakhstan, D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry, E-mail: bayeshov(@mail.ru,
https://orcid.org/0000-0003-0745-039X;

Shahista Khabibullayeva — Master of Science in Chemistry, Khoja Akhmet Yassawi Intermational Kazakh-Turkish
University, E-mail: shakhista khabibullayeva@ayu.edu kz, https://orcid.org/0000-0002-1001-5148

REFERENCES

[1]  Andreev I. (2016) Electrochemistry of metals and alloys [Elektrohimija metallov i splavov]. ISBN 978-5-94084-044-
2. Moscow, Russia, - 326 p. (In Russian).

[2] Wang YD, Xu ZY, Zhang A. (2019) Electrochemical dissolution behavior of Ti-45A1-2Mn-2Nb+0.8 vol% TiB2 XD
alloy in NaCl and NaNOs solutions. Corrosion Science. Vol. 157, P. 357-369. DOIL: 10.1016/j.corsci.2019.06.010 (In Eng).

[3] Zubkov L.B. (1987) Space metal: (All about Titan) [Kosmicheskij metal: (Vse o titane)]. M.: Nauka, 128 p.
(In Russian).

[4] WuCS., Tan MS, Ye GZ, Fray DJ, Jin XB. (2019) High-Efficiency Preparation of Titanium through Electrolysis of
Carbo-Sulfurized Titanium Dioxide. ACS Sustainable Chemistry & Engineering. Volume 7, Issue 9, P.8340-8346.
https://doi.org/10.1021/acssuschemeng.8b06801 (In Eng).

[5] Ananth V., Rajagopan S., Subramanian P., Sen U. (1998) Single step electrolytic production of titanium. Transactions
of the Indian Institute of metals.

[6] Bayeshov A.B., Nurdillayeva R.N., Tashkenbayeva N.Zh. (2018) Dissolution of stainless steel polarized by
alternating current in hydrochloric acid solution. NEWS of the National Academy of Sciences of the RK. Series of Geology and
Technical Sciences, Vol. 3, N 429, P. 156-161. ISSN 2224-5278. (In Eng).

[7] Bayeshov AB., Nurdillayeva R.N., Tashkenbayeva N.Zh., Ozler M.A. (2018) Dissolution of stainless steel under
alternating current polarization. NEWS of the National Academy of Sciences of the RK. Series Chemistry and Technology. Vol.
1, Ned27. P.46-52. ISSN 2224-5286. (In Eng).

[8] Bayeshov A.B., Iztileuov G.M., Bayeshova A K. (2003) Study of electrochemical properties of titanium (III) ions
[Titan (IIT) iondarynin elektrohimijalyq gasietterin zertteu]. Science and education of South Kazakhstan. Chemistry and chemical
technology series. No35, P. 24-27. (In Kazakh).

[9] Bayeshov A.B., Sapieva M.M. (2013) Electrochemical properties of AC-polarized titanium in hydrochloric acid
solution containing fluoride ions [Ondiristik ajnymaly tokpen poljarizacijalangan titannyn quramynda ftorid iondary bar tuz
qyshqyly eritindisindegi elektrohimijalyq qasieti]. NEWS of the Academy of Sciences of the Republic of Kazakhstan. Series
Chemistry and Technology. Vol. 3. No399.29-32.ISSN 2224-5286. (In Kazakh).




News of the Academy of sciences of the Republic of Kazakhstan

[10] Bayeshov A.B., Abduvalieva U.A. (2012) Method for producing titanium phosphate. [Sposob poluchenija fosfata
titana]. Innovation patent of the Republic of Kazakhstan. [Innovacionnyj patent Respubliki Kazakhstan] No26379, Bulletin Nol1.
(In Russian).

[11] Bayeshov A.B., Sapieva M.M., Bayeshova A K. (2013) The solution of Titanium in acid solutions containing fluoride
ions. [Ftorid iondary bar qyshqyl eritindilerde titannyn erui]. Proceedings of the VI Russian conference "Physical chemistry and
electrochemistry of molten and solid electrolytes». Yekaterinburg, 273 p. (In Kazakh).

[12] Bayeshov A.B., Sapieva M.M., Vygdorovich V.Y ., Iztileuov G.M. (2014) Electrochemical properties of AC-polarized
titanium in phosphoric acid solution containing fluoride ions [Ondiristik ajnymaly tokpen poljarizacijalangan titannyn quramynda
ftorid iondary bar fostor qyshqyly eritindisindegi elektrohimijalyq qasieti]. NEWS of the Academy of Sciences of the Republic of
Kazakhstan. Series Chemistry and Technology. Vol. 1, Ne403. ISSN 2224-5286. 7-10. (In Kazakh).

[13] Bayeshov A.B., Sapieva M.M. (2013) Electrochemical properties of AC-polarized titanium in hydrochloric acid
solution containing fluoride ions [Ondiristik ajnymaly tokpen poljarizacijalangan titannyn quramynda ftorid iondary bar tuz
qyshqyly eritindisindegi elektrohimijalyq qasieti]. NEWS of the Academy of Sciences of the Republic of Kazakhstan. Series
Chemistry and Technology. Vol. 3. Ne399.29-32. ISSN 2224-5286. (In Kazakh).

[14] Bayeshov A.B., Nurdillayeva R.N., Khabibullayeva Sh.H. (2019) Effect of the bromide ions on the titanium electrode
dissolution polarized by alternating current in aqueous solutions. News of the Academy of Sciences of the Republic of
Kazakhstan. Series Chemistry and Technology. Vol. 2, Ne434. P. 66-72. ISSN 2224-5286. https://doi.org/10.32014/2019.2518-
1491.21 (In Eng).

[15] Nurdillayeva R.N., Bayeshov A.B., Khabibullayeva Sh.H. (2019) Study of on the electrochemical behavior of
titanium in acidic bromide solution by recording the potentiodynamic polarization curves. News of the Academy of Sciences of
the Republic of Kazakhstan. Series Chemistry and Technology. Vol. 5, Ned37. P. 46-53. ISSN 2224-5286.
https://doi.org/10.32014/2019.2518-1491.52 (In Eng).

[16] Popova S.S., Kovalchuk Yu.A. (2010) Electrochemical behavior of titanium in LisHO2(P04)3 solutions. Vestnik SGU.
P. 01-104. (In Russian).

[17] Spiridonov B.A. (2017) Issledovanie elektrohimicheskogo povedenija titana v razlichnyh sredah. Sovremenye
tendencii razvitija nauki i tehnologij. Belgorod. P. 71-73. ISSN: 2413-0869 (In Russian).

[18] Gnedenkov S.V., Sinebrjuhov S.L., Egorkin V.S., Mashtaljar D.V., Legostaeva E.V., Sharkeev Ju.P. (2011)
Elektrohimicheskie svojstva nanostrukturirovannogo titana. Vestnik DVO RAN. P. 24-29. (In Russian).

[19] He YF, Zhao JS, Xiao HX and et al. (2018) Electrochemical Machining of Titanium Alloy Based on NaCl Electrolyte
Solution. International Journal of Electrochemical Science. Vol. 13, Issue 6. P.5736-57477. DOL: 10.20964/2018.06.31 (In Eng).

[20] Liu, WD, Zhang H., Luo Z. and et al. (2018) Electrochemical micromachining on titanium using the NaCl-containing
ethylene glycol electrolyte. Journal of  Materials  Processing Technology. Vol. 255. P. 784-794.
DOI: 10.1016/j. jmatprotec.2018.01.009 (In Eng).

[21] El-Ghenymy A., Alsheyab M., Khodary A., Sirés 1., Abdel-Wahab A. (2020) Corrosion behavior of pure titanium
anodes in saline medium and their performance for humic acid removal by electrocoagulation. Chemosphere, Volume 246, art. no.
125674. https://doi.org/10.1016/j.chemosphere.2019.125674 (In Eng).

[22] Subagja R., Royani A. Titanium dissolution from decomposed Ilmenite using NaOH into the aqueous sulphuric acid
solutions. 2019 IOP Conf. Ser.: Mater. Sci. Eng., Volume 541, Issue 1, art.no. 0120412 (In Eng).

— §4 ——



