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POLARIZED BY ALTERNATING CURRENT IN A HYDROBROMIC 
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Abstract. The work shows the patterns of electrochemical dissolution of titanium elecro-
des polarized by alternating current in an aqueous solution of hydrobromic acid. The 
current density (200-1200 A/m2), hydrobromic acid concentration (1.0-5.0 M), 
electrolysis duration (0.25-2.0 hours), and electrolyte temperature depend on the current 

-
considered. The maximum value of current yield was obtained at a current density of 400 
A/m2 when titanium electrodes were polarized by an alternating current and it was 
recorded that the current yield is reduced at a high current density. It is shown that the 
current output for titanium increases directly proportional to the concentration of 
hydrogen bromide, i.e., hydrogen ion content. The order of the reaction which occurs 
during the electrolysis of hydrobromic acid is determined. It is proved that the current 
output of dissolving titanium in the alternating current source decreases when the 
electrolysis time is increased, as the eletrolysis products in the electrolyte settle down on 
the electrode surface. It is shown that as the temperature of the electrolyte solution is 
increased, the current output value for dissolving titanium rises to 48%. The activation 
energy determined according to the temperature kinetic regime was 17.76 kJ/mol, the 
process was carried out according to the diffusion-kinetic regime. It was shown that 
titanium is dissolved in hydrobromic acid aqueous solution to form titanium (III) ions. 
The influence of the main parameters on the electrochemical dissolution of a polarized 
alternating current titanium electrode in hydrobromic acid is investigated and effective 
ways of titanium dissolution are considered. 
 
Keywords: titanium electrode, hydrobromic acid, alternating current, current output, 
electrolysis, current density 
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1. Introduction  
Currently, titanium and its alloys are of great interest due to their important 

mechanical properties such as high strength and flexibility, low elastic modulus 
characteristics, corrosion resistance, and biocompatibility [1-2]. 

The corrosive properties of titanium are characterized by the fact that its 
surface is covered by a passive film of titanium dioxide which prevents metal 
from further oxidation while interacting with water or atmospheric air [3]. The 
physicochemical properties of the passive film are influenced by the electrolysis 
conditions, the composition of the electrolyte [4] and the pH of the solution [5], 
and the electric polarization [6]. 

In recent years, there has been increasing interest in experimental work to 
study and determine the dissolution patterns of the titanium electrode in various 
aqueous solutions. The properties of electrodes made of titanium powders and 
catalytically active titanium-based material in an aqueous solution of hydrochloric 
acid were studied using the voltammetric method. Electrochemical sensors have 
developed new methods for treating titanium used in gas-diffusion electrodes, and 
as a result, it was found that metallic titanium in the potential range of 0.5-1.7 can 
act as a conductor for catalytically active materials in HClO4 solutions [7]. The 
methods of cyclic voltammetry and potentiometry were used to study 
electrchemical processes occurring on the surface of a porous titanium electrode 
in H3PO4 acid with heavy metal ions, as a result of which it was shown that 
titanium metal has limited corrosion properties in phosphate acid solutions [8 9]. 
In citric acid with a pH value of 2.0, containing halogen ions, the property of Ti 
and Ti6Al4V alloys was investigated by voltammetric method, and a passive state 
at the electrode surface in the presence of chloride, bromide, and iodide ions were 
established. However, it was observed that the primary passive film on the 
electrode surface dissolves under the influence of fluoride ions [10]. Corrosion 
properties of the oxide film formed on the surface of titanium metal under anodic 
current in acid H2SO4 and acid H3PO4 solutions were studied by the methods of 
potentiodynamic polarization and scanning electron microscopy. The study 
proved that the oxide layer formed on the surface of the titanium electrode is thin 
and amorphous [11]. To determine the electrochemical properties of titanium 
metal, there were conducted an experiment consisting of two stages which 
determine the influence of alternating current on the corrosion properties of the 
titanium in a solution containing halogen ions as a result, good metal surface 
solubility was observed under the action of low-voltage alternating current in HCl 
and HBr acid solutions [12]. The cathodic property of Ti (III) ions in NaCl-2CsCl 
melt is determined by cyclic voltammetry and chronopotentiometry methods in 
the presence of a tungsten electrode and it is shown that the reduction of Ti (III) 
ion is an irreversible process consisting of two diffusion-controlled stages [13]. 
The effect of 1.0 m chloric acid solution HClO4 containing fluoride ions on the 
corrosion properties of titanium metal has been studied by potentiodynamic 
polarization methods. As a result, the influence of the concentration of fluoride 
ions on the electrochemical dissolution of the oxide film formed on the surface of 
titanium was observed [14]. The aggressive halogenated medium was also studied 
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in the presence of a passivator in acidic solutions of H2SO4 and HCl to determine 
the electrochemical and corrosion properties of Ti and its compounds. The study 
proved that the passivity plays an important role in slowing down the corrosion of 
titanium metal in an acid solution [15]. To study the electrochemical properties of 
the oxide film formed in titanium and alloys, a potentiostatic anodization process 
in HBr solution was performed. The study proved that titanium metal tends to 
form a thick layered oxide film compared to its alloy [16]. Polarization of 
titanium electrode in solution containing 1.0 M H2SO4 fluoride ions was studied 
by dynamic voltammetry, resulting in a 3D electrochemical map that 
comprehensively characterizes the formation and transformation of new products 
in the dissolution process [17]. 

Our earliest research result reveals that the titanium electrode polarized by 
non-stationary currents can form titanium (III) ions in solutions with sulfate-, 
chloride-, phosphate-[18], fluoride-[19] ions. In our previous studies, it was 
established the regularities and mechanisms of electrochemical dissolution of 
titanium via taking cyclic and anodic potentiodynamic polarization curves in 
potassium bromide solution oxidized by sulfuric acid. [20]. In addition, the effects 
of direct and alternating current in an aqueous solution of 1.0 M potassium 
bromide oxidized with 0.5 M H2SO4 solution were comparatively studied [21-22]. 

Having analyzed scientific papers on the study of the electrochemical 
properties of titanium and titanium-based alloys in the scientific database, it was 
found that the electrochemical properties of the titanium electrode in bromic acid 
solutions have not been fully studied. In this regard, the present study examined 
the patterns of electrochemical dissolution of titanium in an aqueous solution of 
hydrobromic acid on an alternating current source. 

 
2. Experimental Part 

In this work, to study the dissolution of the titanium electrode in 
hydrobromic acid, the electrolysis mode with connection to an alternating current 
source was used. The experiment was performed on a glass electrolyzer without 
electrode space. Two titanium plates paired as working electrodes were used in 
the study. Aqueous HBr acid solutions of different concentrations were used as 
electrolytes. Before each experiment, the titanium electrodes were cleaned with 
sandpaper, washed with distilled water, and dried. The study considered the 
influence of the main electrochemical parameters: current density, electrolyte 
concentration, solution temperature, and duration electrolysis on the current 
dissolution rate of titanium. 

Preliminary studies revealed that titanium electrodes dissolved during 
alternating current electrolysis to form purple trivalent titanium ions. 

The current output (CO) of titanium dissolution polarized by alternating 
current was calculated by determining the dissolved mass of the electrodes during 
the anodic half-period of alternating current. 

Qualitative analysis of the electrolyte composition is used in the 
electrochemical dissolution of titanium in hydrobromic acid solution. It is known 
that solutions of titanium (III) salts have purple color. The formed titanium (III) 
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ions are gradually oxidized in the atmosphere to the valence state (IV). Titanium 
ions were quantitatively studied using the colorimetric method. The concentration 
of titanium ions was determined by constructing a standard calibration curve. 
During electrolysis, the mass of dissolved titanium electrodes was determined. 

 
3. Results and discussion 

Previous research results revealed that titanium is insoluble during anodic 
polarization because of titanium dioxide films which prevent it from electrolysis 
dissolution [19]. This research results show that titanium is dissolved intensively 
when polarized by alternating current. When titanium is covered with oxide layer 
is affected by alternating current, there occur cathodic and anodic processes on 
the surface of titanium electrode (Figure 1). When titanium is polarized by an 
alternating current at 50 Hz frequency, TiO2 oxide layer is reduced at cathodic 
half period, and titanium is dissolved at anodic half period. As a result, titanium 
electrodes are dissolved and trivalent titanium ions and bromides are formed.  

 

 
 

Figure 1  Oscillogram current-time passing alternating current with a frequency of 50 Hz in 
hydrobromic acid.  

 
When titanium electrodes are polarized with an alternating current in 

hydrobromic acid solution during the half-cycle of the anode, an oxidation 
reaction takes place and titanium (III) ions are formed (1st reaction): 

 
  - 3 -  3+                 = - 1.37 V                               (1) 

 
During the cathodic half-cycle period, hydrogen ions are discharged (2nd 

reaction): 
2 + + 2 -  2                                                (2) 

Titanium (III) ions in solution react with bromide ions to form titanium (III) 
bromide (3rd reaction): 

3+ + 3 - = TiBr3                                             (3) 
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Titanium ions formed in an aqueous solution of hydrogen bromide gradually 
pass into the tetravalent state. 

The effect of current density on the electrochemical dissolution of a titanium 
electrode in an aqueous solution of hydrobromic acid in the alternating current 
mode is considered (Figure 2). The study showed that at a current density value of 
200-400 A/m2, the current output (CO) has high values, and within 600-1200 
A/m2, a decrease in current output. These data indicate that the titanium electrode 
dissolves much better than at high current densities. This can be explained by the 
fact that at high current densities, an oxide film is formed on the surface of the 
titanium electrode, which prevents titanium from dissolving. 

The output increases at current densities up to 400 A/m2 according to the 
Tafel equation, and at high current densities, it decreases due to the coating of the 
surface of titanium electrodes with oxide films.  

 
[HBr]=2,0 M, =0,5 h. 

 
Figure 2  The current density effect on the current output of titanium dissolution is 

polarized by alternating current. 
 

The effect of hydrobromic acid concentration on the electrochemical 
dissolution of a titanium electrode polarized by alternating current was studied 
(Figure 3). As a result, it was shown that with an increase in the concentration of 
hydrobromic acid in the range of 1.0 5.0 M, the current output also increases 
from 6% to 22%. The reaction order of electrochemical dissolution of titanium in 
hydrobromic acid is calculated, accounting for 0.85 (table 1). 
 
Table 1 - Calculation results of electrochemical reaction sequence in hydrobromic acid 
 

  CO, % lgC=x lgCO=y  x y 

1 1 6 0 0.778 0 0 
2 2 13.5 0.301 1.13 0.09 0.34 

3 3 16 0.477 1.2 0.288 0.574 
4 4 20.5 0.602 1.31 0.363 0.7936 

5 5 22 0.699 1.34 0.488 0.94 
 - - 2.079 5.758 1.169 2.647 

Reaction sequence was calculated using values in 1st table 
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Preliminary experiments have shown that the titanium electrode is 
chemically insoluble in hydrogen bromide concentrations in the range of 2.0-5.0 
M.

Ti=400 / 2, =0,5 h

Figure 3 Hydrobromic acid concentration effect on current output of titanium electrode 
dissolution polarized by alternating current.

The influence of the electrolysis time on the dissolution of the titanium 
electrode in hydrobromic acid in the presence of alternating current is considered. 
As shown from Table 2, the current output of the titanium electrode decreases 
with increasing electrolysis time. This phenomenon can be explained by the fact 
that as the electrolysis time increases, accumulated titanium ions are formed and 
concentration inhibition occurs.

Table 2 The electrolysis duration effect on current output of titanium electrode dissolution 
polarized by alternating current, =400 / 2, [HBr]=2,0 M

, h. 0.25 0.5 1.0 1.5 2

CO, % 15.0 13.5 12.5 12.0 11.0

The effect of temperature on the electrochemical dissolution of a titanium 
electrode polarized by the alternating current is considered (Figure 4, a). The 
current output of the titanium electrode increases from 13.5% to 48% in the 
tempera C-
a chemical reaction with an increase in the temperature of the solution is a natural 
phenomenon. The activation energy value determined by the temperature-kinetic 
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method (lgCO - 1/  was 17.76 kJ/mol (Figure 4, b; Table 3). This value 
showed that the electrochemical process proceeds in the diffusion-kinetic mode.

It should be noted that titanium electrodes are chemically dissolved in an 
 0.0005 g, and at 

 
 

 
                                        

=400 / 2, [HBr]=2,0 M, =0.5 h. 
 

Figure 4  The solution temperature effect on the current output of titanium electrode polarized by 
alternating current (a); Inverse temperature dependence of the current output logarithm of the 

titanium electrode current (b). 
 

Table 3 - Results of calculation of the electrochemical reaction mode in hydrobromic acid 
 

  T,K CO,% x=  y=lgCO x y  

1 20 293 13,5 3.4129 1.130 3.857 11.6479 

2 40 313 18 3.1949 1.255 4.01 10.2074 

3 50 323 23 3.096 1.361 4.216 9.5852 

4 60 333 29 3.003 1.462 4.391 9.018 

5 70 343 37 2.9154 1.568 4.572 8.4995 

6 80 353 48 2.8328 1.681 4.762 8.0247 

 - - - 18.455 8.457 25.808 56.9827 

 
Using the values in 3rd table the corresponding coefficients were calculated 

and the values were -0,9364 and 4,2897, respectively (1.2). 
 

                       (1) 

b                       (2) 
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The equation of a straight line is expressed by 3rd equation: 

 
                                     (3) 

 
The experimental error of the method was determined by 4th formula and its 

value was 0,0063. 
 

        4) 
 
The activation energy of the reaction was determined using these values and 

its value was 17,76 KJ/mol 
 

Ea=-2.33 8.314 (-0.9364)=17.76 KJ/mol  

 
The optimal electrochemical solubility of the titanium electrode in an 

aqueous solution of hydrobromic acid was recorded at a current density of 400 
A/m2

of titanium electrodes at these parameters was 48%. 
 

4. Conclusion 
For the first time in the research work, the patterns of dissolution of titanium 

electrodes polarized by alternating current in an aqueous solution of hydrobromic 
acid were studied. The influence of the main parameters on the consumed current 
of the electrochemical dissolution of a titanium electrode in hydrobromic acid 
solutions is considered. The study showed that the current output of the titanium 
electrode slowly decreases with increasing current density and electrolysis time. 
During the electrochemical dissolution of titanium, it was found that the current 
output increases directly proportional to the concentration and temperature of 
hydrobromic acid. It was established that the electrolysis process proceeds in the 
diffusion-kinetic mode and the order of the reaction was calculated. 

The research results showed that a titanium (III) bromide can be synthesized 
by the polarization of titanium electrodes using an alternating current in an 
aqueous solution of HBr. 

The results of scientific research can be used to improve the treatment of 
titanium-based wastes and the synthesis of important titanium compounds in 
production. 
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. 

  
 : 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-

dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with 
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was 
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the 
residue from i-PrOH yield of the product 12 was 2.05 g (63%), mp 226 .82 
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N2O3. 
Found, %: C 68.41; H 4.22; N 9.83. Spectral data. 
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Abstract  
DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED 

AND NEUTRALIZIED SOIL 
Zhusipbekov U.Zh.1, Nurgaliyeva G.O.1*, Baiakhmetova Z.K.1, Aizvert L.G.2 
1  
2Scientific and practical center of sanitary-epidemiological examination and 

monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan 
E-mail: n_gulzipa@mail.ru 
Introduction. Pollution by oil has a negative effect on chemical, physical, 

agrophysical, agrochemical and biological properties of soils. Sorption methods of 
cleaning the soil with the help of humic preparations from oil pollution are of great 
importance. The purpose of this work is to study the composition and properties of the 
contaminated and neutralized soil, the determination of the toxicity indexes of all 
components of oil waste, the calculation of the hazard class of waste according to their 
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized 
soil were treated with the use of humate-based energy-accumulating substances. The 
metal content in the contaminated soil was determined by spectrometry using an AA 240 
instrument using the method of decomposing the sample with a mixture of nitric, 
hydrofluoric and perchloric acids until the sample was completely opened. Results and 
discussion. Fractional composition of oil products of all samples is stable: the content of 
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content 
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens 
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and 
asphalteneswere mainly found; complex acetylene hydrocarbons are not 
present. Conclusion. It has been established that the contaminated soil belongs to the 
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the 
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can 
be used as construction and road materials, at the improvement of boreholes and at land 
reclamation. 

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage 
substance, toxicity, radioactivity, hazard class. 
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