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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 Үлттық гылым академиясы «ҚР ¥ҒА Хабарлары. Химия 
және технология сериясы» ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-me индекстелуге қабылданғанын хабарлайды. Бүл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation lndex-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар 
мен мекемелерге контент тереңдігі мен сапасын үсынады. ҚР ¥ҒА Хабарлары. Химия 
және технология сериясы Emerging Sources Citation lndex-ке енуі біздің қогамдастық үшін 
ең өзекті және беделді химиялық ғылымдар бойынша контентке адалдығымызды білдіреді.

HAH PK сообщает, что научный журнал «Известия HAH PK. 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 Socia1 Sciences Citation Index и the Arts & Humanities Citation Index. 
Web of Science предлагает качество в глубину контента для исследователей, авторов, 
издателей и учреждений. Включение Известия HAH PK в Emerging Sources Citation Index 
демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по химическим наукам для нашего сообщества.
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Introduction.
The corrosion process of destruction of 

protective metal coatings of zinc, cadmium occurs 
mainly in an atmosphere with high humidity and it 
becomes electrochemical, since at more than 70% 
humidity, the corrosion products of these coatings 
are a porous film that acts rapidly on the corrosion 
process due to the penetration of moisture through 
the pores to the surface of the protected product. The 
rate of corrosion of metal coatings is determined to 
a greater extent by the presence of moisture in the 
surrounding atmosphere. Metal structures that are 
operated under various conditions must be durable, 
not only having high mechanical strength, but also be 
chemically resistant, i.e. they must be protected from 
atmospheric and other types of corrosion [1].

The peculiarity of the mechanism of protection 
of metal structures with cadmium and zinc is also 
of great importance. At electrodeposition potentials 
close to the potential of a metal substrate (steel 
product), zinc and cadmium coatings protect the 
product mainly by electrochemical means [2]. The 
formation of short-circuited galvanic cells of the 
following types occurs: Me-Zn, Me-Cd, in which 
zinc and cadmium are soluble electrodes-anodes.

To impart high protective properties to 
metal coatings: density, porosity, high corrosion 
resistance, various surfactants are introduced into the 
compositions of their electrolytes, which contribute 

to the deposition of high-quality coatings. Such 
surfactants can be various organic and inorganic 
substances. The possibility of modifying zinc metal 
coatings with nanoparticles is known from the 
literature [3, 4]. Of particular interest are surfactants-
thiourea derivatives of dialkyl phosphorous acids 
containing sulfur and phosphorus, potassium and 
calcium salts of disulfonic acids [5], nickel and tin 
salts [6], dextrin, gelatin, joiner's glue [7, 8].

The components of cadmium and zinc sulfuric 
acid electrolytes are their sulfuric acid salts, with the 
addition of other salts that increase their electrical 
conductivity and pH of the electrolyte, as well as 
universal additives that improve the quality of metal 
coatings [9-11].

The purpose of our research was to test surfactants 
in simple acidic electrolytes of cadmium plating and 
galvanizing surfactants that can create high-quality 
cadmium and zinc electroplating coatings on the 
protected surface of the product that resist corrosion 
destruction.

Materials and method.
Metallic cadmium and zinc coatings on a steel 

base were obtained in an electrolysis bath with 
an electrolyte of the composition (g/l): cadmium 
sulfate-50, ammonium sulfate-30, aluminum 
sulfate-30, surfactant-0.5-1.5; zinc sulfate 
170, aluminum sulfate 90, sodium sulfate-20, 
surfactant-0.5-1.5. Reagents of the brand "chemical 
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SOME FEATURES OF ELECTRODEPOSITION OF METALS 
FROM ELECTROLYTES WITH SURFACTANTS

Abstract: For a long time, the use of various surfactants in the composition of simple electrolytes by 
researchers to improve the quality of metal coatings with cadmium and zinc has been an urgent task.Surfactants 
contribute to the grinding of the coating structure, the elimination of their porosity and the appearance of anti-
corrosion properties of coatings. For example, cadmium electroplated coatings require corrosion resistance, 
since they are operated in tropical climates, in underground tunnels. Zinc coatings are widely used in building 
structures and roofing, on electrified railways and high-voltage power lines, in the mining industry and water 
pipes, as well as for galvanizing the body material in modern all-terrain vehicles to pass in hard-to-reach 
places without being subjected to corrosion.

The object of our research is the process of electrodeposition of cadmium and zinc from simple acidic 
electrolytes with surfactants, which are thiourea derivatives of dialkyl-phosphorous acids in the current 
density range of  0.5-3.5 A /dm2, at room temperature. To confirm the quality of the obtained electroplating, 
we used a JSM-6490LV scanning electron microscope with INSA Energu energy–dispersion microanalysis 
and HKL-Basicc structural analysis systems with a useful magnification of 300000.

Key words: anticorrosive properties, electroplating, surfactants, thiourea derivatives.
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pure". Surfactant (conventional name BGU-17) 
is a thiourea product of the oil synthesis of dialkyl 
phosphorous acids - [R2POHC(S) (NH2)2], which 
has a high adsorption capacity and good solubility 
in acidic electrolyte.  The cathodes are steel plates 
of the ST 3 brand,  anodes made of electrolytic 
cadmium and zinc, the microstructure of the obtained 
cadmium and zinc coatings from electrolytes without 
surfactants and with surfactants for comparison was 
studied on a scanning electron microscope of the 
JSM-6490LV brand.

Steel samples-cathodes were subjected to 
mechanical treatment with emery paper, degreased 
with soda, washed with distilled water, dried with 
alcohol, and weighed on an electronic balance. The 
current strength was calculated over the surface of the 
steel cathodes and a given current density (from 0.5 to 
3.5 A/dm2). The current output (VT) was determined 
from the difference in the mass of cadmium and zinc 
deposited and calculated theoretically according 
to Faraday's law. The porosity and thickness of the 
coatings were determined by the method described in 
the source [12].

The production of electroplated coatings was 
carried out on an installation consisting of an 
electrolyzer, an ammeter, a rheostat, and a direct 
current source with a total voltage of 220V.

Results and discussion. Tables 1 and 2 show 
the quality indicators of zinc and cadmium coatings 
obtained from electrolyte without surfactant.

Table 1- Quality of zinc coatings in electrolyte 
without surfactants

рН Ik, 
A / 
dm2

t, 
оС

ВТZn, 
%

Appearance 
of the zinc 
coating

Coating 
thickness, 
microns

3,5-3,8 0,5 20 92,4 Dark gray, 
coarse 
crystalline, 
porous

11,82

3,5-3,8 1,5 20 92,6 Dark gray, 
coarse 
crystalline, 
porous

10,26

3,5-3,8 2,5 20 92,9 Dark gray, 
coarse 
crystalline, 
porous

12,10

3,5-3,8 3,5 20 91,8 Dark,
flakes off at 
the edges

10,21

Table 2-Quality of cadmium coatings in an 
electrolyte without surfactants

рН Ik, 
A / 
dm2

t, 
оС

ВТZn, 
%

Appearance 
of the 
cadmium 
coating

Coating 
thickness, 
microns

3,2-3,5 0,5 20 91,9 Gray, 
coarse-
crystalline,
porous

10,62

3,2-3,5 1,5 20 92,7 Light gray, 
coarse 
crystalline, 
porous

11,94

3,2-3,5 2,5 20 93,4 Light gray,
coarse 
crystalline, 
porous

10,02

3,2-3,5 3,5 20 91,5 Gray with 
burnt

11,61

The quality of zinc and cadmium coatings does 
not meet the required quality indicators. The coatings 
are coarse-crystalline, dark or gray, at higher current 
densities they peel off at the edges, forming burns. The 
share of points volume in the total coverage is quite 
high.This structure of zinc and cadmium coatings 
does not contribute to their effective protection of 
the product from corrosion. Through the pores, it is 
possible to penetrate the aggressive environment to 
the surface of the product and its destruction. The 
current output is low (91-93%).

Tables 3 and 4 show the quality indicators of zinc 
and cadmium coatings obtained from electrolytes 
with surfactants.

Table 3- Quality of zinc coatings in electrolyte 
with surfactant

рН Ik, 
A / 
dm2

t, 
оС

ВТZn, 
%

Appearance 
of the zinc 
coating

Coating 
thickness, 
microns

3,5-3,8 0,5 20 97.1 Light gray, 
fine-
grained,non-
porous

12,62

3,5-3,8 1,5 20 97,9 Light gray, 
fine-grained, 
non-porous

13,06

3,5-3,8 2,5 20 98,4 Light gray, 
fine-grained, 
non-porous

14,10

3,5-3,8 3,5 20 98,8 Light gray, 
loose, 
slightly 
porous

12,61

Table 4- Quality of cadmium coatings in electrolyte 
with surfactant

рН Ik, 
A / 
dm2

t, 
оС

ВТZn, 
%

Appearance 
of the 
cadmium 
coating

Coating 
thickness, 
microns

3,2-3,5 0,5 20 97,4 Light, 
dense, non-
porous

12,11
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3,2-3,5 1,5 20 98,6 Light, 
dense,non-
porous

13,1 6

3,2-3,5 2,5 20 98,1 Light, 
dense, non-
porous

13,35

3,2-3,5 3,5 20 97,3 Light, 
dense, with 
a tint

11,30

The tables show that the presence of surfactants in 
the electrolyte affects the quality of zinc and cadmium 
coatings, the coatings are lighter, fine-grained, non-
porous. The current output is significantly higher 
(98%).

When comparing the quality indicators of zinc 
and cadmium coatings (Tables 1-4), it is possible to 
make an assumption about the effectiveness of the 
surfactant used in the electrolyte in the studied range 
of current density and temperature.

To confirm the above assumptions, the figures 
show electronic images of the quality of the coatings.

Figures 1 and 2 show electronic images of zinc 
and cadmium coatings obtained from an electrolyte 
without surfactants at a current density of 2 A / dm2.

Figure 1-Zinc coating in a galvanizing electrolyte 
without surfactants

The coarse-crystalline structure of the zinc 
coating can be seen in the image. The coating is dark, 
visible porosity, roughness. Such a coating can not 
effectively protect the metal product from corrosion.

Figure 2 shows the structure of a cadmium coating 
obtained from an electrolyte without surfactants.

Picture 2 - Cadmium coating in electrolytic 
cadmium plating without surfactants

The coating structure is coarse-grained, with 
visible pores.

Figures 3 and 4 show a picture of the quality 
of zinc and cadmium coatings obtained from an 

electrolyte with surfactants at a current density of 2 
A / dm2.

Figure 3-Zinc coating in a galvanizing electrolyte 
with surfactant

The coating is much lighter, fine-grained, pores 
are practically not visible. A significant improvement 
in the quality of the zinc coating is seen.

Figure 4-Cadmium coating of an electrolyte with 
surfactants

We observe in the image a nonporous, light 
coating of cadmium.

As previously noted [1] during the 
electrodeposition of zinc and cadmium from sulfuric 
acid electrolytes, in the absence of additional agents, 
large-crystal, in some cases at high current densities, 
loose coatings are released on the cathode, which are 
not of value for electroplating.

The situation changes radically with the 
introduction of certain organic compounds into the 
electrolytes, in our case, surfactants of a thiourea 
nature (which is confirmed by the results of research). 
Surfactants contribute to the shielding of the surface 
of the metal product, contributing to the deposition 
of fine-grained, non-porous coatings of zinc and 
cadmium.

Conclusions.
1. Comparative analysis of obtaining galvanic

coatings of zinc and cadmium from acidic electrolytes 
without surfactants and with surfactants, showed the 
positive effect of the additive under study.

2. Energy dispersive microanalysis of the
structure of cadmium coatings confirmed the positive 
effect of the investigated surfactant (Figures 3 and 4).

ӘОЖ 541.138.537.311.6
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БЕТТІК АКТИВТІ ЗАТТАРЫ БАР ЭЛЕКТРОЛИТТЕРДЕН МЕТАЛДАРДЫҢ ЭЛЕКТРЛІК 
ШӨГУІНІҢ КЕЙБІР ЕРЕКШЕЛІКТЕРІ

Аннотация. Ұзақ уақыт бойы зерттеушілердің метал жабындарының сапасын кадмий және 
мырышпен жақсартуүшін қарапайым электролиттердің құрамында әртүрлі беттік активті заттарды 
қолдануы өзекті мәселе болып келді.Беттік белсенді заттар жабындардың құрылымын ұнтақтауға, 
олардың кеуектілігін жоюға және жабындардың коррозияға қарсы қасиеттерінің пайда болуына 
ықпал етеді.Мысалы кадмийлі гальваникалық жабындар коррозияға төзімділікті қажет етеді, өйткені 
олар тропикалық климатта, жерасты туннельдерінде қолданылады.Мырыш жабындары құрылыс 
құрылымдары мен шатырларда, электрленген теміржолдарда және жоғары вольтты электр желілерінде, 
тау-кен және су құбырларында, сондай-ақ жетуге қиын жерлерде жүретін, коррозияға ұшырамайтын 
заманауи жол талғамайтын көліктердің шанақ материалын мырыштау үшін кең қолданылады.

Біздің зерттеу объектіміз - бөлме температурасында, 0,5-3,5 А/дм2 ток тығыздығының 
интервалында, диалкилфосфор қышқылдарының тиомочевина туындылары болатын, кадмий мен 
мырыштың қарапайым қышқыл электролиттерінен беттік белсенді заттармен электрлік шөгу процесі 
болып табылады. Алынған гальваникалық жабындардың сапасын растау үшін біз INSAEnergu энергия 
дисперсиялық микроанализ жүйесі бар JSM-6490LV сканерлеуші электрондық микроскопты және 
пайдалы үлкейтуі 300,000 болатын HKL -Basicc құрылымдық талдау жүйелерін қолдандық.

Түйін сөздер: коррозияға қарсы қасиеттер, гальваникалық жабын, беттік активті заттар, 
тиомочевиналық туындылар.
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НЕКОТОРЫЕ ОСОБЕННОСТИ  ЭЛЕКТРООСАЖДЕНИЯ МЕТАЛЛОВ 
ИЗ  ЭЛЕКТРОЛИТОВ С ПАВ

Аннотация. С давних пор использование исследователями различных ПАВ в составе простых 
электролитовдля улучшения качества металлических покрытий кадмием, цинком является актуальной 
задачей. ПАВ способствуют измельчению структуры покрытий, устранению их пористости и 
возникновению антикоррозионных свойств покрытий. К примеру, кадмиевым гальваническим 
покрытиям необходима коррозионная стойкость, так как они эксплуатируются в условиях тропического 
климата, в подземных штольнях. Цинковые покрытия широко используются в строительных 
конструкциях и кровле, на электрофицированных железных дорогах и линиях высоковольтных 
электропередач, в горнорудной промышленности и водопроводных трубах, а также для оцинкования 
кузовного материала в современных вездеходах для прохождения в трудно доступных местах, не 
подвергаясь коррозии.

Объектом наших исследований является процесс электроосаждения кадмия и цинка из 
простых кислых электролитов с ПАВ, представляющем собой тиомочевинные производные 
диалкилфосфористыхкислот в интервале плотности тока 0,5-3,5 А/дм2, при  комнатной температуре. 
Для подтверждения качества полученных гальванопокрытий нами использован растровый 
электронный микроскоп марки JSM-6490LV с системами энергодисперсионного микроанализа INSA 
Energu и структурного анализа HKL –Basicc полезным увеличением 300 000. 

Ключевые слова: антикоррозионные свойства, гальванопокрытия, ПАВ, тиомочевинные 
производные. 
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SYNTHESIS OF CARBON NANOFIBERS BASED ON HUMIC ACID 
AND POLYACRYONITRILE BY ELECTROSPINNING METHOD

Abstract. The article describes a method for obtaining carbon nanofibers (CNFs) based on humic acid 
from oxidized coal of the Maikuben basin and polycarlonitrile (PAN) by electrospinning in laboratory 
conditions. The value of the interelectrode voltage was 20-25 kV. The elemental composition was determined 
and the surface morphology of the studied sample was studied, the type of modification of the carbon fiber 
was revealed. As a result of energy dispersive X-ray spectroscopy and scanning electron microscopy (SEM), 
the chemical composition of the initial CNF (C-48.73%) and the diameter of carbon fibers, which ranged 
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