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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been 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 News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия және 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index Expanded, the Social 
Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау мәселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия және технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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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/m2), potassium 
bromide solution (1.0-5.0 M) and sulfuric acid concentration (0.5-2.5 M), solution temperature (25-80 ˚С) 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/m2 to 600 A/m2, 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 electrode 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 electrode 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 electrode polarized by the direct current. The effect of the main parameters (current density, 
solution temperature and electrolyte concentration) on electrochemical dissolution process of titanium 
electrodes 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/m2, while a slight decrease up to 47% can be 
observed beginning from 600 A/m2. The decrease in the current output of titanium dissolution at a current 
density of 800-1200 A/m2  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. 

 

 
 

[KBr]=1 M, [H2SO4]=0,5 M, τ=0,5 h. 
 

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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і=600 А/m2, τ=0,5 h. 
 

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. 

 

 
 

і=600 А/м2, τ=0,5 h. 
 

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 electrolyte 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.  

 

 
 

і=600 А/m2, [H2SO4]=0,5 M, τ=0,5 h.  (a)                      і=600 А/m2, [KBr]=1,0 M, τ=0,5 h. (b) 
 

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 
 

№ Сel lgC=x I y=lgi x∙y 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 2,81 0,84 0,09 
5 2,5 0,397 700 2,84 1,13 0,157 
Ʃ - 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: 

 
5,0

)367,0(157,05

)858,1357,0()65,1(5
222











xxn

yxyxn
b

 
 

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 electrolysis 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. 

 

 
 

і=600 А/m2, [KBr]=1,0 M, [H2SO4]=0,5 M 
 

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 55.4% to 27.6% was defined. The explanation of this anomalous phenomenon 
requires additional studies.  

 
і=600 А/m2, [KBr]=1,0 M, [H2SO4]=0,5 M, τ=0,5 h 

 

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%. 

 
Р.Н. Нұрділлаева1, А.Б. Баешов2, Ш.Х. Хабибуллаева1 

 

1Қожа Ахмет Ясауи атындағы Халықаралық қазақ-түрік университеті, Түркістан; 
2Д.В.Сокольский атындағы Жанармай, катализ және электрохимия институты, Алматы 

 
КҮКІРТ ҚЫШҚЫЛДЫ БРОМИД ЕРІТІНДІЛЕРІНДЕГІ ТИТАННЫҢ АНОДТЫ ЕРУІ 

 
Аннотация. Титан көптеген тотықтырғыш орталарда инерттілігімен ерекшеленеді, пассивацияға бейім. 

Металл қышқылдарда химиялық жолмен ерімейді, коррозияға және қоршаған орта әсеріне төзімді. Қазіргі 
таңда қолданылу аясы кең болғандықтан титанды ерітіп, түрлі қосылыстарын алудың маңызы үлкен. 
Ұсынылып отырған жұмыста күкірт қышқылымен қышқылданған бромидті сулы ерітіндісінде анодты 
поляризациялау кезінде титан электродының еритіндігі алғаш рет көрсетілді және процестің заңдылықтары 
анықталды. Титан электродының анодты еруінің ток бойынша шығымына ток тығыздығының (200-1200 
А/м2), калий бромиді (1,0-5,0 М) және күкірт қышқылы (0,5-2,5 М) концентрацияларының, ерітінді 
температурасының (25-80 ˚С), электролиз ұзақтығының (0,5-2 сағ.) әсерлері қарастырылды. Анодты 
поляризацияланған титан электродындағы ток тығыздығын 200 А/м2-ден 600 А/м2-ге арттырғанда, титанның 
еруінің ток бойынша шығымы (ТШ) жоғарылап, одан жоғары ток тығыздықтарында титанның бетінде 
тотықты қабаттың пайда болуына байланысты ток бойынша шығымның төмендейтіндігі көрсетілді. 
Титанның еруіне электролит табиғатының әсерін жүйелі зерттеу мақсатында Br- иондарының концентра-
циясының және күкірт қышқылы концентрациясының әсерлері жеке зерттелді. Бромид иондарының 
концентрациясының артуымен нашар еритін бромид қосылыстары түзіліп, нәтижесінде титанның анодты 
еруінің ток бойынша шығымы төмендейтіндігі көрсетілді. Күкірт қышқылы концентрациясының өсуімен, 
демек, сутек иондарының концентрациясының артуы титанның еруіне ықпал жасап, титанның анодты 
еруінің ток бойынша шығымы жоғарылайтындығы анықталды. Құрамында Br- иондары бар сулы 
электролитті 0,5 М күкірт қышқылымен қышқылдап, бромид иондарының концентрациясын жоғарылатқанда 
титан еруінің ток бойынша шығымы 1,5 есе артуы байқалды. Ал, бромидті ерітіндідегі күкірт қышқылының 
концентрациясын арттырғанда титанның анодты еруінің ток бойынша шығым мәні анағұрлым артып, 70%-ға 
жетті. Титанның еруінің ток бойынша шығымы 2,5 М күкірт қышқылы және 1,0 М калий бромиді 
ерітіндісінде максималды мәнді көрсетті. Электролиз кезінде жүретін электродтық реакцияның күкірт 
қышқылы бойынша реакция реті есептеліп, реакцияның диффузиялық ортада жүретіндігін көрсетті.  

Электролиз ұзақтығын арттырған сайын электрод бетінде электролиз өнімдерінің жинақталуына байла-
нысты концентрациялық поляризация туындап, нәтижесінде титанның электрохимиялық еруі баяулай-
тындығы көрсетілді. Электролит температурасының жоғарылауымен титан электродының еруінің ток 
бойынша шығымы аномальды төмендейтіндігі анықталды. Титанның анодты еруіне негізгі электрохимиялық 
параметрлердің әсерлері жүйелі зерттеліп, оның еруінің оңтайлы жағдайлары қалыптастырылды. Электро-
лиздің оңтайлы жағдайларында титан еруінің ток бойынша шығымы 70%-дан жоғары болатыны анықталды. 

Түйін сөздер: титан, электролиз, ток бойынша шығым, анодты еру, калий бромиді, күкірт қышқылы. 
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АНОДНОЕ РАСТВОРЕНИЕ ТИТАНА В СЕРНОКИСЛЫХ БРОМИДНЫХ РАСТВОРАХ 

 
Аннотация. Титан отличается инертностью во многих окислительных средах, склонен к пассивации. 

Металл химически нерастворим в кислотах, устойчив к коррозии и воздействиям окружающей среды. В 
настоящее время в связи с широкой областью применения растворение титана с получением различных его 
соединений является очень актуальным. В данной работе впервые показана возможность растворения 
титанового электрода при анодной поляризации в сернокислых бромидных водных растворах и определены 
закономерности процесса. Рассмотрено влияние плотности анодного тока (200-1200 А/м2), концентрации 
раствора бромида калия (1,0–5,0 М) и серной кислоты (0,5–2,5 М), температуры раствора (25–80˚С), 
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продолжительности электролиза (0,5–2 часа) на выход по току анодного растворения титанового электрода. 
При повышении плотности тока на анодно-поляризованном титановом электроде от 200 А/м2 до 600 А/м2 
выход по току (ВТ) растворения титана повышается, а при более высоких плотностях тока наблюдалось 
снижение выхода по току растворения титана из-за появления оксидного покрытия на поверхности титана. 
Влияние концентрации иона Br- и концентрации серной кислоты исследовалось отдельно с целью 
систематического изучения влияния природы электролита на растворение титана. Показано, что с 
увеличением концентрации бромид-ионов образуются плохо растворимые бромидные соединения, что 
приводит к уменьшению выхода по току анодного растворения титана. Установлено, что увеличение 
концентрации серной кислоты, т.е. концентрации ионов водорода способствует растворению титана, выход 
по току анодного растворении титана увеличивается. Увеличение выхода по току титана в 1,5 раза 
наблюдалось при подкислении водного электролита, содержащего ионы Br- 0,5 М серной кислотой и 
повышении концентрации бромид-ионов. Однако с увеличением концентрации серной кислоты в растворе 
бромида выход по току анодного растворения титана значительно увеличился и достиг 70%. Выход по току 
растворения титана имеет максимальное значение в 2,5 М растворе серной кислоты и в 1,0 М растворе 
бромида калия. Рассчитан порядок реакции электродного процесса при электролизе по серной кислоте и 
показано, что реакция протекает при диффузном режиме. 

Показано, что увеличение продолжительности электролиза приводит к концентрационной поляризации 
из-за накопления продуктов электролиза на поверхности электрода и замедляет электрохимическое 
растворение титана. Было обнаружено, что с повышением температуры электролита выход по току 
растворения титанового электрода аномально снижается. Изучено влияние основных электрохимических 
параметров на растворение титанового анода и установлены оптимальные условия его растворения. Было 
установлено, что при оптимальных условиях электролиза выход по току растворения титана имеет значение 
более 70%. 

Ключевые слова: титан, электролиз, выход по току, анодное растворение, бромид калия, серная 
кислота. 

 
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 International 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-45Al-2Mn-2Nb+0.8 vol% TiB2 XD 

alloy in NaCl and NaNO3 solutions. Corrosion Science. Vol. 157, P. 357-369. DOI: 10.1016/j.corsci.2019.06.010 (In Eng). 
[3] Zubkov L.B. (1987) Space metal: (All about Titan) [Kosmicheskij metal: (Vse o titane)]. М.: Nauka, 128 p.                        

(In Russian). 
[4] Wu CS., 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 A.B., 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, №427. 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 (III) iondarynin elektrohimijalyq qasietterіn zertteu]. Science and education of South Kazakhstan. Chemistry and chemical 
technology series. №35, 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 [Ondіrіstіk ajnymaly tokpen poljarizacijalangan titannyn quramynda ftorid iondary bar tuz 
qyshqyly erіtіndіsіndegі elektrohimijalyq qasietі]. NEWS of the Academy of Sciences of the Republic of Kazakhstan. Series 
Chemistry and Technology. Vol. 3. №399.29-32.ISSN 2224-5286. (In Kazakh). 



News of the Academy of sciences of the Republic of Kazakhstan 
  

   
54  

[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] №26379, Bulletin №11. 
(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 erіtіndіlerde titannyn eruі]. 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 [Ondіrіstіk ajnymaly tokpen poljarizacijalangan titannyn quramynda 
ftorid iondary bar fosfor qyshqyly erіtіndіsіndegі elektrohimijalyq qasietі]. NEWS of the Academy of Sciences of the Republic of 
Kazakhstan. Series Chemistry and Technology. Vol. 1, №403. 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 [Ondіrіstіk ajnymaly tokpen poljarizacijalangan titannyn quramynda ftorid iondary bar tuz 
qyshqyly erіtіndіsіndegі elektrohimijalyq qasietі]. NEWS of the Academy of Sciences of the Republic of Kazakhstan. Series 
Chemistry and Technology. Vol. 3. №399.29-32. 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, №434. 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, №437. 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 Li3НО2(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. DOI: 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 I., 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). 
  



News of the Academy of sciences of the Republic of Kazakhstan 
  

   
134  

Publication Ethics and Publication Malpractice 
in the journals of the National Academy of Sciences of the Republic of Kazakhstan 

 
For information on Ethics in publishing and Ethical guidelines for journal publication 

see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics. 
Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies 

that the described work has not been published previously (except in the form of an abstract or as part of a 
published lecture or academic thesis or as an electronic preprint, 
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere, 
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where 
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in 
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not 
accepted. 

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data, 
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the 
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), 
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct 
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked 
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect. 

The authors are obliged to participate in peer review process and be ready to provide corrections, 
clarifications, retractions and apologies when needed. All authors of a paper should have significantly 
contributed to the research. 

The reviewers should provide objective judgments and should point out relevant published works 
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen 
in such a way that there is no conflict of interests with respect to the research, the authors and/or the 
research funders. 

The editors have complete responsibility and authority to reject or accept a paper, and they will only 
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote 
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a 
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of 
Kazakhstan. 

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor 
and safeguard publishing ethics. 

 
Правила оформления статьи для публикации 

в журнале смотреть на сайте:  
 

www:nauka-nanrk.kz 
 

http://chemistry-technology.kz/index.php/en/arhiv 
 

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print) 
 

Редакторы: М. С. Ахметова,  Г. Б. Халидуллаева, Д. С. Аленов 
Верстка на компьютере А.М. Кульгинбаевой 

 
Подписано в печать 13.02.2020. 

Формат 60х881/8. Бумага офсетная. Печать – ризограф. 
7,8  п.л. Тираж 300. Заказ 1. 

 
Национальная академия наук РК 

050010, Алматы, ул. Шевченко, 28, т. 272-13-18, 272-13-19 


