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EFFECT OF THE BROMIDE IONS ON THE TITANIUM
ELECTRODE DISSOLUTION POLARIZED BY ALTERNATING
CURRENT IN AQUEOUS SOLUTIONS

Abstract. The titanium electrode dissolution possibility polarized by industrial alternating current (AC) with 50
Hz frequency in potassium bromide aqueous solution acidified by sulfuric acid was shown for the first time and the
process dissolving titanium were determined. The influence of alternating current density (200-1200 A/m?),
potassium bromide solution concentration (1.0-5.0 M) and sulfuric acid concentration (0.5-4.0 M), AC frequency
(25-150 Hz), electrolyte temperature (25-80°C) and electrolysis duration (0.5-2 hours) on the current efficiency (CE)
of the titanium dissolution were considered. It was observed extremely low CE (1.8%) of the titanium dissolution by
polarization anodic direct current. When titanium was polarized by alternating current, the CE reached 60% at a
current density of 200 A/m’ in the titanium electrode, and as the current density was increased the CE of titanium
dissolution was decreased. The titanium dissolution CE showed the maximum value in 0.5 M sulfuric acid and 1.0 M
potassium bromide solution. The decrease of titanium electrode CE due to the increase of the electrolysis duration
and the AC frequency effect was determined.

Keywords: titanium, alternating current, electrolysis, potassium bromide, sulfuric acid.

Today the application of industrial alternating current frequency of 50 Hz to the electrolysis processes
in the field of applied electrochemistry contributes to the new scientific trends development. This method
allows conducting electrochemical reactions in solutions, dissolving insoluble metals and activating these
processes [1-4].

Titanium and its compounds are light, biologically harmless and resistant to corrosion and
environmental impacts. Though this metal is one and a half times heavier than aluminum, two times
lighter than iron, it is widely used for the production of aircraft engines, orthopedic implants, construction
materials, submarines, electrode and pyrotechnics due to its six times stronger solidity [5-7]. Titanium
dioxide has a great deal to contribute to the food industry as an additive labeled E171. Titanium (III)
nitride is a unique compound in covering metal surfaces, also known as fake gold, which is resistant to the
decays king's water and is much cheaper than gold [8].

Titanium is an element with high melting point that is not soluble in acids by chemical methods. Due
to its wide use today, obtaining various compounds through its dissolution is of great importance [9].

Titanium dissolution in hydrochloric acid with fluoride ions and in phosphoric acid solution in the
presence of industrial alternating current has been shown in scientific works [10-15]. However, the works
do not specify the electrochemical properties of titanium electrode in the bromide aqueous media [16-20].
In this regard, the present work considered the electrochemical dissolution behavior of titanium electrode
in bromide aqueous media. In addition, the influence of the main parameters (current density, electrolyte
temperature and solution concentration, alternating current frequency, etc.) on electrochemical dissolution
process of titanium electrode was investigated.
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Results and discussion

The preliminary experiments results showed the insolubility of the two titanium plates in bromide
aqueous solutions in the presence of direct current as their surface was covered by a layer of oxide film.
However, when the two titanium electrodes were polarized with industrial alternating current, intensive
dissolution of the metal was observed.

The current density effect on the titanium electrode dissolution in bromide aqueous solution was
investigated (Table 1). The research results showed that the current efficiency reached 60% at a current
density of 200 A/m” in the titanium electrode, but while the current density was increased the CE of
titanium dissolution was decreased. This phenomenon can be explained with the oxide film formation on
the titanium surface in the anodic half period of the alternating current at high current densities and these
inherent oxide films could lead to passivation of electrode surface.

Table 1 - The influence of Current density on titanium electrodes polarized
by alternating current on the CE of their dissolution

[KBr]=1,0 M, [H,80,]=0,5 M, t=0,5 h

i, A/m’ 200 400 600 800 1000 1200
CE, % 60 41.6 28.2 22.4 18.3 14.7

The potassium bromide concentration effect in the absence of acid in the neutral medium was
investigated to determine the titanium dissolution specificity in bromide aqueous solutions (see Table 2).
The results showed the current efficiency decrease of the titanium electrode dissolution from 25% to 8%
due to the increase of the potassium bromide concentration in the range of 1.0-5.0 M.

Table 2 - The effect of Potassium bromide concentration on the CE
of titanium electrodes dissolution rate polarized by alternating current

i=200A/m% t=05h

[KBr], M 1 2 3 4 5
CE, % 25 172 134 10 8

Due to the low current efficiency of titanium dissolution in bromide aqueous solutions, it was
investigated the titanium dissolution specificity in the presence of sulfuric acid (Table 3). With the
increasing sulfuric acid concentration from 0.5M to 2.0 M there was observed dynamically increase of
titanium dissolution current efficiency value from 12% to 44%. Further increase of sulfuric acid
concentration leads to the current efficiency decrease up to 16%. This phenomenon can be assumed that
sulfate ions first interact with the film on the titanium surface and create a favourable condition for the
titanium dissolution. Further, the increase of oxygen-containing sulfate ions concentration simplifies the
oxide film formation on the titanium surface and allows its passivation.

Table 3 - The effect of Sulfuric acid concentration on the CE
of titanium electrodes dissolution rate polarized by alternating current

i=200A/m%, 1=05h

[KBr], M 0.5 1 2 3 4
CE, % 12 24.5 44 29.6 16

As the current efficiency of alternating current polarized titanium electrode did not exceed 44% in
sulfuric acid, the potassium bromide solution was acidified with sulfuric acid 0.5 M and the potassium
bromide concentration effect on the solution was investigated (Figure 1). The more the potassium bromide
concentration was increased, the less the current efficiency decreased. This phenomenon can be explained
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by the fact that initially when 1.0 M potassium bromide solution acidified with 0.5 M sulfuric acid, these
acidified bromide ions created conditon for titanium dissolving, but futher increasing the potassium
bromide concentration leads to the increase of bromide ions amount as a result of which the titanium
passivation takes place. In this case, as the potassium bromide concentration effect (Table 2) is considered,
a straight line decrease of the current efficiency value was observed. However, it should be noted that
current efficiency increased by 2.5 times.

With a view to further increasing the titanium ¢lectrode current efficiency, the potassium bromide was
acidified with sulfuric acid and the change in its concentration was investigated (Figure 2).
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Figure 1 - The influence of Potassium bromide concentration on the CE
of titanium electrodes dissolution polarized by alternating current

However, if an sharply fluctuate in a peak was observed in the sulfuric acid concentration, a straight
line decrease in the titanium current efficiency took place when the potassium bromide solution was

acidified with sulfuric acid solution and the sulfuric acid concentration was increased. The titanium
electrode current efficiency decreased from 60% up to 18%.

CE, %
60

50
40
30
20

10+

2 5 [EL:50.], M

L]
=]
Ln
=
=
Ln
P =

i=200 A/m?, [KBr]=10M,1=05h

Figure 2 - The effect of Sulfuric acid concentration on the CE
of titanium electrodes dissolution polarized by alternating current
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The temperature effect on titanium electrode dissolution in bromide-acid aqueous solutions was
considered (Figure 3). Studies have shown the current efficiency decrease of titanium electrode dissolution
due to the temperature increase. According to the fundamental principles, the increase of solution
temperature should cause the increase of chemical reactions rate. Explaining the abnormal decrease in the
titanium electrode dissolution rate due to the temperature increase requires additional studies. It is possible
to assume that as the solution temperature increases, the oxide film stability on the titanium surface
increases.

The temperature effect on the current efficiency of alternating current polarized titanium electrode
was investigated from 25°C up to 80°C. It should be noted that temperature increase lead to downward
trend and the titanium current efficiency decreased from 60 to 24%.

Following figure 4 shows the clectrolysis duration effect on the current efficiency of alternating
current polarized titanium electrode. The current efficiency of titanium electrode decreased from 60% to
20% between 0.5-2.0 hours. As we have seen, as the electrolysis time was increased, the current efficiency
firstly increased and then decreased. The bromide ions reacted with the oxide film on the titanium surface
and created a complete titanium dissolution. As the time passed, the dissolved titanium slowed down by
forming oxide film again on the electrode surface.
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Figure 3 - The influence of temperature in the CE of titanium electrodes dissolution polarized by alternating current

The current frequency effect on the titanium electrode dissolution in bromide-acid aqueous solutions
is given in Figure 5. Experimental data have shown that as the current efficiency rate is increased from 25
to 150 Hz, the titanium dissolution current efficiency increases up to 50 Hz and then gradually decreases.
This change can be assumed that the more the current frequency increases, the better rational condition is
created for the oxygen shell formation on the surface of the alternating current polarized titanium
electrode.

The titanium electrode dissolution in bromide-acid aqueous solutions showed a decrease in the current
efficiency from 60% to 25% between 50 - 150 Hz.
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i =200 A/m’, [KBr] = 1.0 M, [H,SO,] = 0.5 M

Figure 4 - The effect of electrolysis duration on the CE of titanium electrodes dissolution polarized by alternating current
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Figure 5 - The influence of current frequency on current efficiency
of titanium electrodes dissolution polarized by alternating current

In conclusion, titanium e¢lectrode dissolution polarized by alternating current in bromide aqueous
solutions was shown for the first time. The various parameters influence on the titanium dissolution rate
was investigated. It has been found that titanium dissolution current efficiency reached 60% in effective
conditions of electrolysis. The results of this study allow dissolving the insoluble titanium electrode in
bromide acid solutions and producing technologies for obtaining its various compounds.
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AVHBIMAJIBI TOKIIEH ITOJTSAPU3ATINSIIAHF AH TUTAH SJEKTPOJBIHBIH CYJIbI EPITIHALIEPIE
EPYIHE BPOMUJA NOHJAPBIHbBIH 9CEPI

AnHoTanust. ¥ ChIHBUIBIN OTBIPFAH KYMBICTA KYKIPT KbIUKBUIBIMCH KBIIIKBUIAAHFAH KadHH OpoMuAl epiTiHIi-
cinze »xmimiri 50 ' eHAipicTik aHHBIMAITBI TOKIICH TOJLIPH3AILIIAHFAH THTAH 3JICKTPOIBIHBIH CPUTIH/ITI aJFAI PET
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KOPCETLUIII KOHE Py 3aHIBUIBIKTAPBI AHBIKTAIIBL. THTAHHBIH CPYiHIH TOK OOHBIHINA IIBIFBIMBIHA AWHBIMAJEI TOK
THIFBI3IBIFBIHGIE (200-1200 A/M7), kammit GpoMuzi epiTingici koHueHTpamusachHbH (1,0-5.0 M), KyKipT KbIIIKbUTBI
KOHICHTPAUUACHHBIH (0,5-4,0 M), aliHBIMAITBI TOK >KHiMiriHIH (25-150 '), epitinai TemneparypachHbH (25-80°C),
3MEKTPOIM3 Y3AKTBIFBIHBIH (0,5-2 carar) ocepriepl KapacTHIpbUTABL.  TypakThl TOKIICH IOJIPH3ALMSIIAHFAHIA
THTAHHBIH 6TC TOMCH TOK OOWBIHINA IOBEFBIMMCH cpuTiHairi Oafikamgsr (1,8%). AWHBIMATBI TOKIICH
TOJIIPUBALMATIAHFAHAA TUTAH 3JCKTPOABIHAAFBI TOK THIFBI3ABIFRI 200 A/M® Ke3iHae TOK GOMBIHIA WBEBIM 60% TCH
00J11bI 13, TOK THIFBI3ABIFBIH KOFAPBLIATKAH CalbH OHBIH epyiHiH T TemMeHnereHairi anpIkTanapl. TUTAaH epyiHiH
TOK OOHBIHMA IBIFRIMBL 0,5 M KYKipT KbIUKBLTH sk0HE 1,0 M kamuit OpoMuai epiTiHIICIHAS MAKCHMAABI MOHII
KOpCceTTl. DIEKTPONM3 Y3AKTHIFbIHBIH >KOHC AMHBIMANBI TOK JKUUITIHIH OCEpiH apTTHIPFAH CAHBIH THTAH
3JICKTPOABIHBIH TOK OOMBIHINA ITBFBIMBI TOMCHACHTIHIIT] AHBIKTAJIIBL.
Tyiiin ce3aep: THTaH, AHHBIMATIBI TOK, JCKTPONIN3, KATUH OPOMHUIL, KYKIPT KbIIIKBLIEL
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BJIMAAHUE BPOMUJI-MOHOB HA PACTBOPEHHUE TUTAHOBDLIX 3JIEKTPOJIOB
B BOOJHOM PACTBOPE I1PU IIOJIAPU3AIIUU ITEPEMEHHBIM TOKOM

AnHoTanus. B jaHHON paGoTe BIIepBBIE II0OKa3aHa BO3MOXKHOCTh DACTBOPEHHMSI THUTAHA B CEPHOKHUCIBIX  OPOMMIHBIX
pacTBOpax IIpU IOJSIPU3AIMK IIPOMBIIUICHHBIM [IEPEMEHHBIM TOKOM udacToTod 50 I'Il M yCTaHOBIEHBI IIPOTEKAHUS IIpoliecca
3aKOHOMEPHOCTH PAacTBOPEHMS THTaHA. M3ydyeHo BIIMSHHE — INIOTHOCTH TIePEeMEHHOTO Toka (200-1200 A/M%), KOHIIEHTpAIHH
pactBopa Opomuja kamui (1,0-5,0 M), koHneHTparmu cepHoil kuciotsl (0,5-4,0 M), yacToTsl iepeMeHHoro Toka (25-150 T'rr),
TeMIrepatypsl pacteopa (25-80 ‘C) m mpomomkuTensHOCTH 3MekTpoimsa (0,5-2 vaca) Ha Bexog 1o Toky (BT) pactBoperms
TUTaHa. [Ipu TIonspU3aly aHOMHBIM IIOCTOSIHHBIM TOKOM HaOmmojanack Huskuii BT pactBopenms tutana (1,8%). A 1pu
TIONSIPI3aITAN THTAHA TIepeMeHHBIM TOKOM, TIPH ITOTHOCTH Toka 200 AAr® BT coctaBmt 60 %, a ¢ yBEIMUIEHIEM ITTOTHOCTH TOKA
BT pacTBOpeHUs TUTAaHOBOTO 3TIEKTPO/Ia YMEHBINIACTCS. Y CTaHABIIEHO, UTO B pacTBOpe, cojepkarieM 1,0 M GpoMucToro xanus u
0,5 M cepHOI KMCIIOTHI HaOMIoMaeTcd MakcUMalbHoe 3HaueHHe BT pacTBopeHMSI TWTaHOBOTO 3iekTpoja. IIpn yBenmmdeHnn
IPOJIOIKUTENLHOCTH SIIEKTPOIM3a ¥ HaCTOTHI ITepeMeHHOro Toka BT pacTBOpeHusI TUTaHa Y MEHBIIIAETCSL.

KitoueBble c1oBa: TUTaH, IIEPEMEHHBIN TOK, HEKTPOIN3, GPOMUJT KaIUs, CEpHas KUCIIOTa.
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