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STUDY OF ON THE ELECTROCHEMICAL BEHAVIOR
OF TITANIUM IN ACIDIC BROMIDE SOLUTION BY RECORDING
THE POTENTIODYNAMIC POLARIZATION CURVES

Abstract. The electrochemical dissolution of titanium in a potassium bromide solution acidified with a sulfuric
acid solution by recording cyclic and anodic potentiodynamic polarization curves was studied for the first time. The
influence of the sulfuric acid and potassium bromide solutions concentration on the titanium electrode oxidation was
considered.

A polarization curve was performed in 1.0 M potassium bromide solution in the presence of 0.5 M sulfuric acid
and the titanium oxidation anodic maximum was recorded. To explain the titanium dissolution characteristics during
the polarization by industrial alternating current, cyclic anodic-cathodic (CAC) and cyclic cathode-anodic (CCA)
polarization curves of the titanium electrode in potassium bromide sulfate solution were recorded. At the CAC
voltammogram, when the titanium potential is shifted to the anode direction, titanium oxidation current is recorded at
potentials from “plus” 1.3 V to “plus” 2.3 V. In the cathode direction of the CCP voltammogram curve between
potentials “minus” 0.7-1.0 V, a hydrogen evolution current is observed. The dependence of anodic potentiodynamic
polarization curves on the concentration of sulfuric acid and potassium bromide solutions was studied, in both cases
an increase in the titanium oxidation maximum current was observed, a mechanism was also established and the
reactions sequence proceeding on the electrode was calculated.

Studies have shown that electrode reactions occur by a complex mechanism.

Keywords: titanium, potassium bromide, sulfuric acid, electrode, potentiodynamic polarization curves,
oxidation current.

Titanium can be called modern techniques and industry metal since most of its part is used for space,
aero- and hydro technologies needs. In its turn, titanium (1V) oxide is the main titanium industry product.
The classic methods of its production are a complex process that involves the production of titanium
sulfate, tetrachloride and bromide solutions for obtaining titanium minerals called ilmenite, leucoxene and
rutile. It is very difficult to extract these salts directly from titanium residues (scrap) since titanium is a
highly corrosion-resistant metal with high-melting temperature in many aqua environments [1]. It is
important to determine the electrochemical dissolution laws, mechanisms and kinetics of corrosion-
resistant metals in various aqueous solutions.

M.S. Amrutha used a four-stage mechanism to determine chemical constants by investigating of Ti in
varying concentrations of hydrofluoric acid (0.01 M+1.0 M) through applying potentiodynamic
polarization and electrochemical impedance spectroscopy methods [2]. F. Fasmin presented a Kinetic
model of titanium electrode anode dissolution in 0.1 M hydrofluoric acid in active and passive regions [3].
A.B. Bayeshov et al. have considered electrochemical dissolution of titanium in the sulfur, hydrochloric
acid and phosphoric acid medium in the solution with fluoride ions in the presence of alternating current
[4-9]. The study result shows that titanium electrode dissolves with high current efficiency in acidic
solutions containing fluoride ions.

—— 4 ——
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U. Tetsuya studied the electrochemical dissolution of titanium electrode in the TMHA-T;N ionic
liquid. It was determined that no dissolution of titanium was observed during the anodic potential sweep
up to +6.0 V due its oxide film formation. Prior to electrochemical experiments, more mechanical
smoothing of titanium surface led to the shift of the titanium potential immersed in the electrolyte to a
negative value. In this case, the anode titanium dissolution in the zone with the potential value "minus"
0.95 = "plus" 1.6 V was determined [10].

D. Baehre considered the electrochemical dissolution behavior of pure titanium electrode,
TiMaAl6V4 and intermetallic Ti60A140 (y-TiAl) in potassium bromide-, sodium chloride-, sodium nitrate
aqueous solutions at different pH-values. During the study, the methods of cyclic voltammetry, linear
sweep voltammetry polarization and chronoamperometry were performed. As a result, a positive effect of
halide compounds on the titanium electrode dissolution and its alloys was determined [11].

Literature data analysis shows that electrochemical properties of titanium in bromide acidic
environment have not been studied yet. Having investigated titanium (I11) ions oxidation mechanism, A.B.
Bayeshov and G.M. Iztileuov show that titanium (1) ions oxidation occurs as a result of the hydrolysis
process at high temperatures and can be met either in [Ti(H20)s]Cls or [Ti(H20)s]SO4 form in the acidic
medium. As a result of the study, at 333 K temperature, an increase of titanium (l111) ion oxidation wave in
a sulfuric acid concentration of 300 g/l was observed, and the most maximum current negative value was
"minus” 0.8 V in the graphite electrode and "minus” 0.02 V in lead electrode [12].

Y. Jiang and Y. Wu investigated the electrochemical reaction mechanism of titanium alloy in neutral
(NaCl) agua environment performed by polarization curves. It was defined the formation of titanium
intermediate oxide shell through oxidizing during its anode dissolution in the sodium chloride solution
[13].

The advantage of the titanium anode oxidation process as a coating in materials surface covering in
the biomaterials production has been shown in a number of studies [14, 15]. E.A. Kornyushova et al.
studied electrochemical properties of titanium and platinum electrodes in dicarboxylic amino acids. Due to
the implementation of the surface reactions in the titanium electrode, the oxide shell has been grown;
thereby the existence of its adsorbing properties has been determined [16]. Young-Taeg Sul et al.
discovered the electrochemical properties of titanium biomaterials in acetic acid, phosphoric acid, calcium
hydroxide and sodium hydroxide, and showed that the anode voltage stress (dV/dt) in acidic electrolyte
was higher than in alkaline electrolyte [17].

In the given work, electrochemical properties of titanium were studied by recording
potentiodiodynamic polarization curves in potassium bromide aqueous solution acidified by sulfuric acid
solution.

The polarization measurement was performed using potentiostat "Autolab". Voltampereometric
studies were conducted in three-electrode thermostated electrolysis cells. A silver-chloride electrode was
used as a reference electrode, and platinum cord as an auxiliary electrode. The outer surface of titanium
covered by teflon with a diameter of 2 mm and used as a working electrode.

Before each experiment, the titanium electrode was rinsed with distilled water and smoothed in 500
um and 200 pm sandpaper material, defatted and washed thoroughly with filter paper. Different
concentrations of KBr and H,SO. aqueous solutions were used as electrolytes.

When the titanium electrode is polarized by direct current in the Galvanometric case, its surface is
passivated by oxidized layers and electrode dissolution by forming titanium ions is accompanied by very
low current efficiency. Results of our previous research show, titanium electrode intensively dissolved in
the sulfuric acid bromide solution polarized by the industrial alternating current has been observed [18,
19].

The titanium electrode properties in potassium bromide solution were investigated first in potassium
bromide and sulfuric acid solution, subsequently by recording anodic and cyclic potentiodynamic
polarization curves in mixed solutions of potassium bromide and sulfuric acid.

Anodic polarization curves were taken to determine the titanium electrode specificity to dissolve in
potassium bromide and sulfuric acid.

In the potentiodynamic polarogram taken in the anode direction the titanium oxidation wave in
potassium bromide or sulfuric acid solutions was not recorded.
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In subsequent studies, 1.0 M potassium bromide solution was dissolved in 0,5 M sulfuric acid
solution and polarization curve "potential-current density" was recorded. In this solution, it is possible to
notice that the anodic titanium oxidation current was recorded in the anode potentiodynamic curve.

In the cyclic mode, potassium bromide and sulfuric acid solutions were recorded in cycles between
"plus” 2.5 V and "minus" 1.0 V in order to detect the specificity of processes occurring in the titanium
electrode polarized by industrial alternating current with the frequency of 50 Hz.

When the CAC potential shifts in the anode direction, the maximum oxidation current between "plus"
1.3 V = "plus" 2.3 V potential is recorded on the polarogram (Figure 1). In the polarogram of cathodic
direction there were no significant oxidation waves, the hydrogen evolution was detected at "minus" 0.7 V
and at negative potentials.
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Figure 1 - Anodic potentiodiodynamic polarization curve of titanium electrode in acidic bromide solution

In the acidified potassium bromide solution, titanium oxidation in the anode direction can be
described by the reaction. In the cathodic direction, mainly hydrogen ion discharge occurs (reaction 2).

Ti—3e — Ti** E0=-121V (1)

2H" + 2e" = Hy (2)

In the polarization curve taken in the CCA direction, the main processes occurring in the electrode are
repeated (Figure 2). The CCA polarogram cathode direction shows that beginning from "minus" 0.7-1.0 V
potential hydrogen gas division is observed and only the titanium oxidation maximum value decreases
(Fig. 1, b-curve).

T T T T T T T T

-1.5000 m [~ -1

-1.0000 m - -1

-500.00 p - -

WE(1).Current (A)

0.0000 i = S -1

500.00 p - b 4

1 L 1 1 1 1 L 1
25 2 1.5 1 0.5 Q 0.5 -1
Potential applied (V)

[KBr]=1.0 M; [H2S04]=0.5 M; v=50MB/c

Figure 2 - Cathodic-anodic (a) and anodic-cathodic (b) cyclic voltammogram
of titanium electrode in the acidic bromide solution
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The potassium bromide concentration effect on titanium electrode anodic potentiodiodynamic
polarization curves is shown in Figure 3 (a). Increasing the potassium bromide solution concentration can
significantly increase the oxidation current height. According to the experiment results, dependence taken
on Ig[KBr] — Igi coordinate is straight linear (b). Table 1 was completed based on this dependence result

and the reaction rate for bromide ions was 0.2.

Logarithmic dependence should be straight linear to determine the reaction sequence. The reaction

sequence was mathematically determined [20].
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Figure 3 - Dependence of titanium electrode anodic potentiodynamic polarization curves on the anode maximum
of potassium bromide concentration (a) and the 1gi-lgCksr dependence on potassium bromide concentration (b)

Table 1 - The electrode reaction order of bromide ions occurring during electrolysis

Neo Cel IgC=x i y=lgi X'y X2

1 0.5 -0.301 65 18 -0.5418 0.29

2 1.0 0 105 2.0 0 0

3 1.5 1.76 150 2.2 0.3872 0.1499

4 2.0 0.301 180 2.25 0.6772 0.4586

2 - 0.176 - 8.25 0.5226 0.8985
o NZX-y-¥x-Ly _4-05226-(0176-825 _ .. .,

Figure 4 (a) shows the titanium electrode dependence on the anodic potentiodynamic polarization
curves and on the sulfuric acid concentration. Increasing the sulfuric acid concentration can significantly
increase the oxidation current height rightfully. According to the experiment results, the dependence taken
on the Ig[H2SO4] — Igi coordinate is straight linear (b). Increasing the sulfuric acid concentration increases
the oxidation current height evenly. Based on this dependence result, Table 2 was completed and the fact

n>x* - (X x)

4-0.8925—(0.176)2

that the reaction rate for sulfuric acid was 0.04 was detected.
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Figure 4 - The dependence of sulfuric acid concentration on the anode maximum at titanium electrode anodic potentiodynamic
polarization curves (a) and the dependence the logarithms of sulfuric acid concentration and the maximum current height (b)

Table 2 - The sequence of electrode reactions on sulfuric acid during electrolysis

Ne Cel IgC=x | y=lgi X'y X2

1 0.25 -0.602 105 2.02 -1.216 1.4800
2 0.50 -0.302 115 2.06 -0.620 0.3800
3 0.75 -0.120 130 211 -0.250 0.0625
4 1.00 0 140 2.15 0 0

5 1.50 0.176 145 2.16 0.380 0.1400
h) - -0.847 - 10.5 -1.706 2.0600

p NXxy-Yx-3y 5 (-1.706)-(-0847105) .,
nYx? — (T x) 5.2.06—(-0.847)° '

Summing up, the electrochemical properties of titanium in acid bromide solution were first studied by
recording potentiodynamic polarization curves. No dissolution of titanium electrode was observed during
the anodic polarization in 1.0 M potassium bromide and 0.5 M sulfuric acid solutions separately from each
other. With a view to increasing the electrochemical dissolution process, polarization curves were taken in
1.0 M potassium bromide solution in the presence of 0.5 M sulfuric acid and the maximum oxidation rate
recording was observed. In this case, the mechanisms and kinetics of electrode reactions were determined.
The titanium electrode was studied by recording polarization CAC and CCA in potassium bromide and
sulfuric acid solutions. The specificity of titanium electrode dissolution polarized with alternating current
of 50 Hz is determined. The dependence of anodic potentiodynamic polarization curves on the sulfuric
acid concentration and the potassium bromide concentration was investigated and in both cases the current
maximum increase was observed and the reactions sequence was determined.
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2J1.B.Cokonbckuii ateinaarsl YKaHapmaii, KaTanus jkoHe 5IeKTPOXUMHS HHCTUTYThI, AJIMAThI

TUTAHHBIH KbIIIKbLJI/IbI BPOMUATI EPITIHAICIHAETT SJIEKTPOXUMMUSAJIBIK KACUETIH
HNOTEHHUNOANHAMUKAJIBIK ITOJIAPU3ALUAJIBI KHCBIKTAP TYCIPY APKBLJIBI 3BEPTTEY

AnHoTanus. KyKipT KbIIIKBUTBIMEH KBIIIKBUIAHFAH KU OPOMUJII CpPITIHAICIHAC TUTAHHBIH ICKTPOXUMUS -
JIBIK €PY 3aHIBUIBIKTAPBI IAKIIL )KOHE aHOMTHI MOTCHIIHOMHAMHUKAIIBIK TOISPU3AIMSIIBIK KUCBIKTAp TYCIPY apKBLIBI
aJIFaIl peT 3epTTeNi. TUTaH 3JICKTPOJBIHBIH aHOMATBHIK TOTBIFY MPOICCIHE KYKIPT KBIIIKBUIBI MCH Kaluid OpoMuIi
epITIHAUICPIHIH KOHIICHTPAIUS 9Ccepi KAPacThIPBUIIBL.

Kypambiaaa 1,0 M kanuit 6pomuni xone 0,5 M KYKIPT KBIIIKBUIBI Oap epiTiH/ie MOISPU3aLUIIBIK KUCHIKTAP
TYCIpiIi skoHe OYJ1 Ke3/1e aHOAThI TOTBIFY MaKCUMYMBIHBIH TIPKEIT€HAIrT KOPCeTi.

OHIPICTIK XKHUUTIKTETT alHBIMANBI TOKIICH IMOJSIPH3ANMSIaAHFaH THUTAHHBIH €py SpeKIIeINiTiH TYCIHAIpY YIIiH
TUTaH JJIEKTPOABIHBIH Kaduid OpOMHUAI MEH KYKIPT KBIIKBUIEI Oap epiTiHmimepmeri muximi aHom-katon (LIAK),
nukai katon-anon (LIKA) GarpITTapbIHIa TOTSIPU3AISUITBIK KUCEIKTap Tycipinmi. [JAK momsporpammaceiHaa TuTaln
MTOTEHIMAJBIH aHON OaFbITRIHA Kapai BIFBICTBIpFaHma «wioc» 1,3 B + «mmoc» 2,3 B moTeHImMansl apaibIFeIHIA
TUTAaHHBIH TOTBIFY TOrBl Tipkennmi. LIKA momaporpamMmachiHBIH Katox OarbIThiHOa «mmHYC» 0,7-1,0 B
MMOTEHIMAJIapbIHAH OacTal, CyTeK Ta3bIHBIH OOTiHY TOTHl OalKaIIbL.

AHOITHI TMOTCHIMOAUHAMUKAIIBIK TOISAPH3AIMIBIK KHUCBIKTAPFa OPTYPJl KYKIPT KBIIIKBUIBI JKOHE KaJIHid
OpOMU/II KOHIICHTPAIMSIAPBIHBIH 9CEePi 3ePTTEIII, CKi KaFaaiia Ja TUTAHHBIH aHOITHI €PYy TOK MaKCUMYMIapBhIHBIH
JKOFapBUIAUTBHIHIBIFGI  AHBIKTAJABI, COHBIMEH KaTap, OJJICKTPOJATA JKYPETIH peakIusIapiblH peTi eCcenTedil,
MEXaHU3MI aHBIKTAJIbI.

3epTTey HOTWXKECIHIAE THTaH 3JEKTPOJABbIHAA JKYPETiH peakUMsUIapiblH eTe KypAelni MeXaHH3MMeEH iCcKe
ACaThIH/IBIFBI KOPCETIIII.

Tyiiin ce3nep: TuTaH, Kajauii OPOMHUII, KYKIPT KBIIIKBLUIBL, JJIEKTPO/I, TOTCHIINOIMHAMHUKAIIBIK OJISPU3AIUSITBIK
KHUCBIKTAp, TOTBIFY TOTHI.
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MesknyHapoaHBIH Ka3axCKO-TypelKHi YHABEpCUTET UMeHH Xomku AxMena Scasu, TypkecTan
2MIHCTUTYT TOIIMBA, KaTanu3a U >1ekTpoxumuu uM. JI.B. CoKonbckoro, AnMarsl

HNCCIIEJOBAHHME JIEKTPOXUMHUYECKOI'O TIOBEJEHUSA TUTAHA
B KUCJIBIX BPOMUJIHBIX PACTBOPAX METO/JOM CHATHUA
HNOTEHHUOANHAMUWYECKHUX NOJAPU3AIIMOHHBIX KPUBbBIX

AHHOTanus. BriepBrie McCIeIOBaHO AIEKTPOXHMMHUYECKOE PACTBOPEHHE THTaHA B PACTBOPE OpoMHIa Kaiws,
MOJKUCIIEHHOM PAacTBOPOM CEPHOM KHCIOTHI METOJOM CHSTHS LMKIMYECKHMX M aHOJHBIX MOTEHUUOJIUHAMUYECKUX
TIOJIIPU3AIMOHHBIX KPUBBIX. PAaCCMOTPEHO BIMSIHHE KOHIIEHTPAIMHA PACTBOPOB CEPHOM KUCIIOTHI U OpOMHUAA KaJHs
Ha TIPOIIECC OKUCIICHHSI TUTAHOBOTO AJIEKTPO/IA.

CHsTa nonspuzanuonHast kpusast B 1,0 M pactBope Opomua xanus B npucyrctsun 0,5 M cepHO# KHUCIIOTHI U
3a(UKCUPOBAH aHOJHBIM MaKCUMYM OKHCJICHUs TuUTaHa. [|Jis 0ObsCHEHUS 0COOCHHOCTEH pacTBOPEHUS] TUTaHA NP
TOJIAPU3AIIMY TPOMBIIIIJIEHHBIM TTIEPEMEHHBIM TOKOM CHSATHI IIUKINYecKue aHoqHO-KaToHbie (LJAK) n muknmueckue
karogaHo-aHogHble (IIKA) monsipu3zanioHHbIE KPUBBIE TUTAHOBOTO DJIEKTPOJIa B CEPHOKHCIOM pacTBOpe Opommia
kanus. Ha LIAK nonsporpaMMe npu cMelIeHUH MOTEHLIMAIa TUTaHa B aHOJHOM HalpaBJIEHUU PETUCTPUPYETCS TOK
OKHCJIEHHS TUTaHa NpU NoTeHUuanax ot «mwioc» 1,3 B o «wiroc» 2,3 B. B katogHOM HanpaBieHUH HOISPOrpaMMbl
LKA xpuBoii Mexmy moteHimanamu «MuHyc» 0,7-1,0 B HaOmromaeTrcst TOk BbIAENCHHS Bomopoja. VcciemoBaHa
3aBUCUMOCTb aHOJHBIX MOTEHIUOJUHAMHYECKUX MOJSPU3ALHOHHBIX KPUBBIX OT KOHUEHTpPALMU PAacTBOpa CEPHOH
KHCJIOTHI 1 OpOMH[a Kalusl, B 000HX CIyYasx HaOIF0JaeTCsl YBEIHICHUE MAKCHMyMa TOKa OKUCIICHHS TUTaHa, TAKIKE
YCTaHOBJIEH MEXaHU3M U PACCUUTAH MOPSAJOK peakluii, MPOTEKAIOIINX Ha SJIEKTPOJIE.

HccnenoBanus IOKa3aid, 9TO JIEKTPOTHBIC PEAKITUH MPOTEKAIOT TI0 CIIOKHOMY MEXaHU3MY.

KiroueBble ciioBa: THTaH, OpOMHUI Kaiws, cepHass KHUCJIOTa, DJIEKTPOJ, MOTCHIMOAMHAMHUYECKUE MOJIIPH3a-
[IMOHHBIE KPUBBIC, TOK OKUCIICHHSI.
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