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We proposed a composition of citrate-pyrophosphate electro-
lytes with the addition of sulfates of iron triad metals for the forma-
tion of mixed oxide systems with the varied content of dopants. The 
introduction of an additional ligand contributes to an increase in the 
stability, operation period of working solutions and to the more uni-
form distribution of metals-dopants. The range of voltages for the 
single-stage plasma-electrolytic oxidizing of titanium alloys BT1-0 
and OT4-1 is 120–160 V. As a result of oxidizing, we obtained 
metal-oxide systems TiOx·MOy (M=Fe, Co, Ni), which, depending 
on the nature of a dopant, have different types of surface structures. 
The largest content of dopant and the minimum size of the grain are 
characteristic of the cobalt-containing coatings. A potential pos-
sibility of obtaining the mixed oxide systems TiOx·(FeCoNi)Oy on 
the alloy OT4-1 is shown. We examined the dependences of spark 
voltage and the rate of change in the interelectrode voltage on the 
concentration of dopants in electrolyte. It was established that the 
formed mixed oxide coatings of titanium with the iron triad metals 
possess significant corrosion resistance; the highest value is inherent 
to the systems based on cobalt. It is shown that the incorporation 
of iron triad metals into the composition of oxide layers leads to 
an increase in the degree of surface development. This ensures an 
increase in the catalytic activity in the reactions of carbon mono-
oxide oxidation. The obtained materials of varied thickness and 
morphology might be used in the technological systems of catalytic 
purification of natural and technogenic toxicants.

Keywords: catalyst, titanium oxides, oxide coatings, plasma-
electrolytic oxidizing, catalytic activity.
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The influence of multifunctional fillers on wear resistance of 
epoxycomposites, operated under conditions of friction without 
lubrication at elevated slip velocity and loadings was explored. 
Introduction of these fillers in the optimum amount provides 
high cohesive strength and gives epoxycomposites tribotechnical 
properties. The developed composition of epoxycomposite mate-
rials allows the implementation of the effect of selective transfer 
during friction interaction.

Wear intensity of epoxycomposites under different loading 
and velocity modes was determined, which made it possible to 
establish favourable mode of formation of a protective film.

The analysis of structural elements of tribosurfaces of ep-
oxycomposite materials and a counter body was carried out and 
chemical composition of fragments of the protective film on tri-
bosufraces was defined. It proved a hypothesis on the formation 
of a copper protective film at tribosurfaces as a result of selective 
transfer. The reasons for initiation of the process of generation 
of protective film fragments on surfaces of tribobodies was es-
tablished and the sequence of stages of its formation in highly 
filled epoxycomposites was defined. The shape, dimensions and 
the area of fragments of a protective film, formed at tribosurfaces 
of the system “epoxycomposite – a steel counter body” system, 
were determined. The formed film in the form of fragments of 
elongated shape in direction of the friction process stabilizes the 
process of tribointeraction due to the capability of self-restoring.

Using the developed epoxycomposites, which operate under 
the mode of selective transfer, decreases friction coefficient and 
wear intensity due to the formation of laminar and porous struc-
ture of a film. Accordingly, it will allow controlling the process 
of friction, reducing material and economic costs in the process 
of maintenance and repair of equipment, which solves topical 
scientific and practical tasks of modern tribomaterials science.

Feasibility of using the protective copper films in tribonodes 
was established, which will make it possible to expand the area 
of using the epoxycomposite triboproducts in machine building, 
instrument engineering, chemical and light industries. 

Keywords: epoxycomposite material, copper oxide powder, 
chemical analysis, selective transfer, tribosurface, counter body.
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The study of the damping in the elastic vibration energy was 
conducted on the samples of steel Cr18Ni9Ti and 12Cr18Ni10Ti 
shaped as a solid rod and a capillary, respectively. Plasma coat-
ings based on NiА1–SiO2·Al2O3 were researched in broad tem-
perature and deformation ranges. The research has proved an 
essential influence of plasma nanostructured coatings applied as 
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Optimum design parameters of the tool for vibration defor-
mation of bronze bushings: the punch angle β=9°; the height of 
the punch gauge part – 4-5 mm are obtained. For treatment of 
parts, the vibration amplitude of 1.0 mm, the machining allow-
ance of 0.4 mm and the plastic deformation force of 217 N/m2 
should be used. The analysis of the microstructure improvement 
of the parts treated by vibration deformation is presented. Under 
deformation, more fine grains are formed and favorable condi-
tions for dislocation generation are created, which promotes an 
increase in the radial deformation rate. The obtained process 
parameters of vibration deformation of bronze bushings allow 
reconditioning of worn-out surfaces. They can also be used for 
treatment of new parts, thus increasing the wear resistance of 
operating surfaces by 1.2 times. The research results can be 
useful in the development and improvement of the processes of 
reconditioning “bushing” type parts.

Keywords: vibration deformation, plasticity, bronze bush-
ing, wear resistance, mechanical properties, reconditioning, 
hardening.
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aerosils on the temperature and amplitude dependences of the 
internal friction in the sample composite materials. The research 
has revealed anomalies and peak effects in the coated samples 
in the temperature spectrum, both in the low-temperature and 
high-temperature areas. The study has revealed the effect of 
coating (NiА1–SiO2·Al2O3) on the peaks of various physical 
nature.

The presence of complex damping characteristics is due to 
the complex microstructure of the coating that contains internal 
interfaces and pores. Moreover, additional damping mechanisms 
are realized at the interfaces of individual grains, particles, and 
also at the interphase interaction boundary in the “coating-base” 
system.

The proposed damping criterion is based on understanding 
of the opposite influence of coatings on the display of various 
factors. Such factors include: an increase in the damping in the 
energy of elastic vibrations and, at the same time, fixation of dis-
locations and a decrease in the shear formation in the presence of 
nanocomponents in different coating zones.

Keywords: plasma coating, internal friction, damping, nano-
components, anomalous properties, modulus of elasticity.
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The influence of temperature on the synthesis of Ni(OH)2 
electrochromic films prepared using the cathodic template 
method has been investigated.

The influence of deposition temperature on the morphology 
of nickel hydroxide films has been determined. By means of scan-
ning electron and atomic-force microscopy, it has been established 
that surface morphology depends on deposition temperature. The 
flattest film surface corresponded to a deposition temperature of 
30 °С, which indicated high optical properties. The maximum pro-
file shift of films deposited at different temperatures was 400nM, 
while for the film deposited at 30 °С – 212 nM.

By means of X-ray diffraction, it has been established that 
all films have crystal lattice similar to α-Ni(OH)2, with a high 
number of defectsв. It also has been discovered that at a deposi-
tion temperature of 20–60 °С, a peak at 2θ=16° appears on the 
diffraction pattern, the highest intensity of which corresponds to 
the process temperature of 30–40 °С.

By means of cyclic voltamperometry and recording of trans-
mittance changes, it has been demonstrated that nickel hydrox-
ide film deposited at 30 °С has the best electrochemical and 
optical properties. A partial correlation between optical and 
electrochemical properties of films deposited at different tem-
peratures has been noted. 

Keywords: nickel hydroxide, Ni(OH)2, electrochromism, 
electrodeposition, cathodic template synthesis, polyvinyl alcohol.

References

1.	 Kovalenko, V., Kotok, V., Bolotin, O. (2016). Definition of 
factors influencing on Ni(OH)2 electrochemical characteris-
tics for supercapacitors. Eastern-European Journal of Enter-
prise Technologies, 5 (6 (83)), 17–22. doi: 10.15587/1729-
4061.2016.79406 

2.	 Lei, L., Hu, M., Gao, X., Sun, Y. (2008). The effect of the in-
terlayer anions on the electrochemical performance of layered 
double hydroxide electrode materials. Electrochimica Acta,  
54 (2), 671–676. doi: 10.1016/j.electacta.2008.07.004 

3.	 Kovalenko, V. L., Kotok, V. A., Sykchin, A. A., Mudryi, I. A., 
Ananchenko, B. A., Burkov, A. A. et. al. (2016). Nickel hydroxide 
obtained by high-temperature two-step synthesis as an effective 
material for supercapacitor applications. Journal of Solid State 
Electrochemistry, 21 (3), 683–691. doi: 10.1007/s10008-016-
3405-2 

4.	 Kotok, V., Кovalenko, V. (2017). Optimization of nickel hy-
droxide electrode of the hybrid supercapacitor. Eastern-Eu-



68

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 2/11 ( 86 ) 2017

of Materials Research, 45 (1), 311–343. doi: 10.1146/annurev-
matsci-070214-020951 

3.	 Azarenkov, N. A., Bulavin, L. A., Zalyubovskij, I. I., Kirichenko, 
V. G., Neklyudov, I. M., Shilyaev, B. A. (2012). Yadernaya ehn-
ergetika. Yadernaya ehnergetika. Kharkiv: HNU imeni V. N. 
Karazina, 535.

4.	 Banerjee, S., Banerjee, M. K. (2016). Nuclear Applications: Zir-
conium Alloys. Reference Module in Materials Science and Ma-
terials Engineering. doi: 10.1016/b978-0-12-803581-8.02576-5 

5.	 Chernyaeva, T. P., Stukalov, A. I., Gricina, V. M. (1999). Kislorod 
v cirkonii: Obzor po materialam otechestvennoj i zarubezhnoj 
pechati za 1955–1999 gg. Kharkiv, 111.

6.	 Chernyaeva, T. P., Stukalov, A. I., Gricina, V. M. (2002). Vli-
yanie kisloroda na mekhanicheskie svojstva cirkoniya. Voprosy 
atomnoj nauki i tekhniki. Seriya: Vakuum, chistye materialy, 
sverhprovodniki, 1, 96–102.

7.	 Kirichenko, V. G. (2015). YAderno-fizicheskoe metallovedenie 
splavov atomnoj ehnergetike. Kharkiv: HNU imeni V. N. Karaz-
ina, 481.

8.	 Chernyaeva, T. P., Ostapov, A. V. (2013). Vodorod v cirkonii. 
Voprosy atomnoj nauki i tekhniki. Seriya: Fizika radiacionnyh 
povrezhdenij i radiacionnoe materialovedenie, 5, 16–32.

9.	 Frost, B. R. T. (Ed.) (1994). Materials Science and Technology: 
A Comprehensive Treatment. Vol. 10B. Wiley-VCH, 455.

10.	 Chernyaeva, T. P., Stukalov, A. I., Gricina, V. M. (2000). Pove-
denie kisloroda v cirkonii. Voprosy atomnoj nauki i tekhniki. 
Seriya: Fizika radiacionnyh povrezhdenij i radiacionnoe materi-
alovedenie, 2 (77), 71–85.

11.	 Steinbruck, M., Bottcher, M. (2011). Air oxidation of Zircaloy-4, 
M5® and ZIRLO™ cladding alloys at high temperatures. Jour-
nal of Nuclear Materials, 414 (2), 276–285. doi: 10.1016/j.jnuc-
mat.2011.04.012 

12.	 Allen, T. R., Konings, R. J. M., Motta, A. T. (2012). Corrosion 
of Zirconium Alloys. Comprehensive Nuclear Materials, 49–68. 
doi: 10.1016/b978-0-08-056033-5.00063-x 

13.	 Kurpaska, L., Jozwik, I., Jagielski, J. (2016). Study of sub-oxide 
phases at the metal-oxide interface in oxidized pure zirconium 
and Zr-1.0 % Nb alloy by using SEM/FIB/EBSD and EDS tech-
niques. Journal of Nuclear Materials, 476, 56–62. doi: 10.1016/ 
j.jnucmat.2016.04.038 

14.	 Coindreau, O., Duriez, C., Ederli, S. (2010). Air oxidation of 
Zircaloy-4 in the 600–1000 °C temperature range: Modeling for 
ASTEC code application. Journal of Nuclear Materials, 405 (3), 
207–215. doi: 10.1016/j.jnucmat.2010.07.038 

15.	 Arima, T., Moriyama, K., Gaja, N., Furuya, H., Idemitsu, K., 
Inagaki, Y. (1998). Oxidation kinetics of Zircaloy-2 between 
450 °C and 600 °C in oxidizing atmosphere. Journal of Nuclear 
Materials, 257 (1), 67–77. doi: 10.1016/s0022-3115(98)00069-5 

16.	 Ritchie, I. G., Atrens, A. (1977). The diffusion of oxygen in 
alpha-zirconium. Journal of Nuclear Materials, 67 (3), 254–264. 
doi: 10.1016/0022-3115(77)90097-6 

17.	 Hood, G. M., Zou, H., Herbert, S., Schultz, R. J., Nakajima, H., 
Jackman, J. A. (1994). Oxygen diffusion in α-Zr single crystals. 
Journal of Nuclear Materials, 210 (1-2), 1–5. doi: 10.1016/0022-
3115(94)90215-1 

18.	 Ishchenko, N. I. (2014). Opredelenie koehfficienta diffuzii kis-
loroda v okside na cirkonievyh splavah i v prilegayushchem 
metalle po dannym izmerenij korrozionnogo privesa i tolshchiny 
oksidnogo sloya. Voprosy atomnoj nauki i tekhniki. Seriya: Ma-
terialy na teplovyh i bystryh nejtronah, 4 (92), 88–92.

19.	 Duglas, D. (1975). Metallovedenie cirkoniya. Moscow: «Atom-
izdat», 360.

20.	 Duriez, C., Guilbert, S., Stern, A., Grandjean, C., Belovsky, L., 
Desquines, J. et. al. (2011). Characterization of Oxygen Dis-

19.	 Kotok, V. A., Malahova, E. V., Kovalenko, V. L., Baramzin, M. N., 
Kovalenko, P. V. (2016). Smart windows: cation internal and 
anion external activation for electrochromic films of nickel 
hydroxide. International forum for science and engineering stu-
dents (IFSES). Guadalajara.

20.	 Jayashree, R. S., Kamath, P. V. (1999). Factors governing the 
electrochemical synthesis of a-nickel (II) hydroxide. Journal 
of Applied Electrochemistry, 29 (4), 449–454. doi: 10.1023/ 
a:1003493711239 

DOI: 10.15587/1729-4061.2017.97446
EFFECT OF OXIDATION AND NITRIDING ON THE 
PROPERTIES OF ZIRCONIUM ALLOYS (p. 34-42)

Vasyl Trush
Karpenko Physico-Mechanical Institute of the National 

Academy of Sciences of Ukraine, Lviv, Ukraine
ORCID: http://orcid.org/0000-0002-2264-3918

In contrast to a large number of publications about the influ-
ence of interstitial elements (O, N) on the physical-mechanical 
properties of zirconium alloys, insufficient attention at present is 
paid to examining their influence on the characteristics of near-
surface layers of the shells of heat generating element (HGE). 
Therefore, it is expedient to widen the knowledge about the 
influence of interstitial elements on the properties of zirconium 
HGE tubes. Authors experimentally established the influence 
of treatment in the controlled oxygen- and nitrogen-containing 
gas media on the mass increment and properties of the near-
surface layer of samples-rings, cut out of the shells of heat 
generating elements. Differences in the saturation of internal 
and external surfaces of zirconium pipes were described. It was 
shown that roughness of the internal surface is less compared 
to that of the external surface. Results of examining the hard-
ness of external and internal surfaces of the samples-rings after 
oxidizing and nitriding are presented here. For example, treat-
ment of the samples-rings in the oxygen-containing medium 
(T=650 °C, t=20 h) leads to the formation of hardness at the 
external surface HV0.49=1190±90, and at the internal surface 
HV0.49=1190±90. However, after treatment in the nitrogen-
containing medium (T=650 °C, t=20 h), the hardness on exter-
nal surface is HV0.49=615±35, while on the internal surface it is 
HV0.49 =445±35.

For example, after treatment in the oxygen-containing me-
dium (T=650 °C, t=20 h), depth of the strengthened layer at 
the external surface is l=70…75 μm and at the internal surface, it 
reaches l=60…65 μm. Treatment in the nitrogen-containing me-
dium (T=650 °С, t=20 h) causes the formation of a strengthened 
layer on the external surface l=60…65 µm and on the internal 
surface – l=55…65 µm.

The duration of isothermal holding in the oxygen mixture, 
which can lead to the crack initiation at the internal surface of 
zirconium HGE pipes, was experimentally discovered. Results of 
present work may be taken into account for the development of 
modes of treatment of zirconium alloys. 

Keywords: zirconium alloys, interstitial elements, near-
surface layer, hardness, mass increment, shell of a heat generating 
element.

References 

1.	 Kalin, B. A., Platonov, P. A., Chernov, I. I., Shtrombah, Ya. I. 
(2008). Fizicheskoe materialovedenie. Konstrukcionnye mate-
rialy yadernoj tekhniki. Vol. 6. Moscow: MIFI, 672.

2.	 Motta, A. T., Couet, A., Comstock, R. J. (2015). Corrosion of Zir-
conium Alloys Used for Nuclear Fuel Cladding. Annual Review 



69

Abstract and References. Materials Science

radiacionnyh povrezhdenij i radiacionnoe materialovedenie, 5, 
104–109.

36.	 Girsova, S. L. (2009). Vliyanie kisloroda na dislokacionnye pre-
vrashcheniya v GPU-splavov cirkoniya. X Mezhdunarodnaya 
nauchno-tekhnicheskaya Ural’skaya shkola-seminar metallove-
dov-molodyh uchenyh. Ekaterinburg, 26–28.

37.	 Azhazha, V. M., Borts, B. V., Butenko, I. M. et. al. (2006). 
Vyrobnytstvo partiyi trubnykh zahotovok treks-trub ta vy-
hotovlennya doslidno-promyslovoyi partiyi tvel’nykh trub zi 
splavu Zr-1Nb iz vitchyznyanoyi syrovyny. Nauka ta innovatsiyi,  
2 (4), 64–76.

DOI: 10.15587/1729-4061.2017.95724
INVESTIGATION OF ADSORPTION BEHAVIOR OF 
SMOOTHING ADDITIVES IN COPPER PLATING 
ELECTROLYTES (p. 43-49)

Irina Sknar
Ukrainian State University of  

Chemical Technology, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0001-8433-1285

Lina Petrenko
Oles Honchar Dnipropetrovsk  

National University, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0003-3887-4582

Anna Cheremysinova
Ukrainian State University of  

Chemical Technology, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-7877-1257

Kateryna Plyasovskaya
Оles Honchar Dnipropetrovsk  

National University, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0001-9100-8064

Yaroslav Kozlov
Ukrainian State University of  

Chemical Technology, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-6987-3753

Natalia Amirulloyeva
Prydniprovs’ka State Academy of  

Civil Engineering and Architecture, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-3839-3976

Smoothing additives are the necessary component of cop-
per plating electrolytes. Choice of the required additive is de-
termined by the type of electrolyte and its pH values. Studies 
of adsorption behavior of such compounds in electrolytes with 
different acidities are of current interest. Adsorption activity of 
poly-N, N’-dimethylsafranine and poly-N, N’-diethylsafranine 
on the copper electrode in sulfate electrolytes was established 
in the present work. The dependencies of the differential ca-
pacitance of the double electric layer of the copper electrode 
on the potential which were obtained in acidic (pH 1.7) and 
neutral (pH 5.9) electrolytes indicate that acidity of the me-
dium has a significant effect on the additive adsorption. The 
studied organic substances show high adsorption activity in an 
acidic solution. The likely cause of the established phenomenon 
in an acid medium is transition of these organic compounds to 
a protonated state with formation of positively charged amino 
groups. Cationic groups of the additives are responsible for an 
additional interaction with the cathode surface and provide 
stronger adsorption of poly-N, N’-dimethylsafranine and poly 
N, N’-diethylsafranine on the copper electrode in comparison 
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Description of the intumescent coating behavior at the 
time of formation of the porous structure is a separate and 
challenging task, covering both stages of the thermal insulation 
process: swelling of the coating and subsequent heat transfer 
which is formed by the swelling. Therefore, there is a need to 
study the formation conditions of a barrier for heat conduction 
and reveal a mechanism of phase transition from the coat-
ing film to the coke layer. In this regard, the mathematical 
model of the phase transformation front advancement during 
the swelling of fire-proof coatings is developed. According to 
the dependencies, it is found that the front line of the phase 
transformations of the coating under high temperature passes 
instantly. It is found experimentally that under the action of 
the heat flux on the samples for a short time at 190÷200 °C, 
there is an intense swelling of the coating, the height of the 

with a neutral sulfate electrolyte. Poly-N, N’-diethylsafranine 
with its molecular weight higher than that of poly-N, N’-di-
methylsafranine is characterized by higher adsorbability. Since 
the smoothing effect of additives in electrodeposition of copper 
coatings is determined by their adsorption properties, it should 
be expected that the most effective in this process will be the 
use of poly-N, N’-diethylsafranine at lower pH values of the 
copper plating electrolytes.

Keywords: electrodeposition, copper electrode, adsorption, 
double electric layer, smoothing additive.
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Development of new combined strengthening technologies 
for treatment of steel surface layer is a topical issue. Influence 
of conditions of combined hardening treatment on variation of 
properties of the surface layer of 38Cr2MoAl steel was studied. 
Experimental data have shown that thickness of the hardened 
layer of 38Cr2MoAl steel, depending on the process conditions 
of combined treatment, varied in the range 0.18 to 0.69 mm with 
the surface hardness being 10.5-12.5 GPa. Mathematical models 
of the hardened layer thickness and surface hardness were ob-
tained depending on variation of velocity of the laser beam travel 
and duration of nitriding of steel following the combined treat-
ment. In their structure, the models are regression equations. 
These regularities have practical technological significance and 
ensure prediction of values of the hardened layer thickness 
and surface hardness. Nomograms of simultaneous influence 
of velocity of the laser beam travel and duration of nitriding 
on thickness of the hardened steel layer and surface hardness 
were constructed. Nomograms make it possible to determine 
concrete conditions of hardening processing, starting from 
specified thickness of the hardened layer or the surface hardness 
of 38Cr2MoAl steel, respectively and also to solve inverse prob-
lems. This method is suitable for hardening hard-to-reach part 
sectios and local contact areas.

Keywords: structural steel, surface hardening, combined 
treatment, laser treatment, nitriding, layer thickness, hardness.
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expanded foam coke layer increased to 22÷38 mm. As a result of 
testing, it is revealed that the phase transformation front moves 
in the direction of high temperature to form foam coke. The 
foaming front boundary line in the form of a thin layer, which 
is slightly shifted towards the temperature, divides the coating 
into two parts. On the one side, there is a swollen coke layer, 
the outer part of which moves at a certain speed, on the other 
side – the layer of the source material, where the temperature 
is not sufficient to start the foaming process and the speed of 
transformations is zero.

Keywords: intumescent coatings, oven temperature, weight 
loss, surface treatment, phase transformation front.
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