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component. At a higher content (2 g/l) of the KOH component, 
the processes characteristic of an alkaline electrolyte become 
dominant. This leads to an incomplete transformation reaction 
and the formation of only the γ-Al2O3 phase. The achievement 
of the thermodynamic conditions of the γ–Al2O3→α–Al2O3 con-
version became possible with an increase in the specific Na2SiO3 
content in the electrolyte solution to 12 g/l. In this case, MAO 
coatings were formed on the AMg6 alloy with the highest hard-
ness of 1500 kg/mm2 and high electric strength of 12 V/μm.

Keywords: microarc oxidation, alkaline electrolyte, silicate elec-
trolyte, complex electrolyte, phase composition, electric strength.
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The influence of electrolysis conditions at different elec-
trolyte compositions on the phase formation and properties of 
coatings obtained by microarc oxidation (MAO) on an aluminum 
alloy AMg6 was studied. For electrolysis, three types of electro-
lytes were used: alkaline electrolyte ((KOH) solution in distilled 
water), silicate electrolyte (with different percentages of Na2SiO3 
component) and complex alkaline silicate electrolyte with liq-
uid glass (1÷12 g/l Na2SiO3) and potassium hydroxide (1÷6 g/l 
KOH). An analysis of the results showed that the choice of 
electrolyte type and conditions of the microarc oxidation process 
allows a wide variation in the phase-structural state, thickness 
and properties of the AMg6 aluminum alloy. The criterion for 
the expected phase-structural state of the coatings as a result of 
microarc oxidation is the completeness of the γ–Al2O3→α–Al2O3 
transformation process during coating formation. The use of an 
alkaline electrolyte does not allow achieving a high hardness of 
the coating due to the formation of the γ-Al2O3 phase and the 
absence of thermodynamic conditions for the γ–Al2O3→α–Al2O3 
transition. When using a silicate electrolyte, it is possible to sig-
nificantly increase the growth rate of the coating, but at the same 
time, the presence of a large specific Si concentration stimulates 
the formation of mullite and an amorphous-like phase. The use of 
a combined alkaline silicate electrolyte (with different percent-
ages of KOH+Na2SiO3) with a low content (6 g/l) of Na2SiO3 in 
solution stimulates the formation of mullite. This is manifested to 
the greatest extent with the lowest content (1 g/l) of the KOH 
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The reported estimation calculations have determined the 
kinetics of temperature changes in the model clamp‒dielectric 
matrix‒upper electrode‒punch‒sintered ring product‒lower elec-
trode‒punch‒stand. This has made it possible to determine the 
temperature of the control volumes of the product and tooling 
in a random period. The experiments have confirmed that the 
estimated values of temperature in the upper and lower layers of 
the sintered product are rather similar and differ little from actual 
ones. Specifically, it has been established that the sintered prod-
uct concentrates 24 % of the thermal energy, which is released 
throughout the entire unit (press-tool‒product). Under a con-
ductive heating method, it is very important that the maximum 
temperature in the zone of the sintered product should be reached 
in the shortest period.

 It has been shown that during exploitation the material of 
a mold under conditions of electric sintering is exposed to the 
thermocyclic and thermomechanical influence. The tooling com-
ponents have different resistance to wear: a resource of the isolated 
insert is 20 cycles of sintering, of electrodes–punches ‒ 50 cycles. 
This allows us to argue that it is necessary to choose a material for 
the components of a mold, which could meet the following require-
ments:

– the minimal heating of the tooling elements, thereby ensuring 
its structural reliability and operational adaptability (a holder, a 
matrix, a stand); 

– the maximum heating of the chain: an upper electrode‒punch‒
needle‒the sintered product‒a lower ring electrode-punch, thereby 
contributing to the accumulation of heat in the contact area between 
the components of the mold and a would-be product.

The above measures lead to the increased structural strength 
of sintered products, as well as to the optimization of control over 
would-be technological operations and prompt registration of impor-
tant experimental data.

Thus, there are reasons to assert the possibility of the targeted 
adjustment of temperature fields through the preliminary calculation 
and selection of the tooling materials based on the thermal-physical 
characteristics. The application of a given mathematical model is an 
effective way to resolve the above issue.

Keywords: control volume method, press-tool, heat flow, elec-
tric sintering, joule heating.
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In the modern world, nail polish, gel polish, in particular, is one 
of the most commonly used cosmetics. The pigment is a component 
of gel polish, which determines the toxicity and color of the compo-
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ZnO. For Zn–Al–Tartrazine hydroxide (Zn:Al=2:1), synthesized 
at pH=11, an almost complete breakdown of LDH was observed. 
It was found that the most promising for the preparation of gel nail 
polish are Zn-Al-Tartrazine hydroxide synthesized at рН=8. These 
pigments have an orange color (color tone 596–601 nm) with high 
monochromaticity (pigment color purity 60–65 %, color purity of 
gel nail polish 70–75 %). It is proposed that the breakdown of Zn-Al 
LDH to ZnO, discovered at higher pН can be exploited to prepare 
pigments with improved grindability.

Keywords: Zn–Al layered double hydroxide, pigment, gel nail 
polish, intercalation, Tartrazine.
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connection from temperature cycle profile with mechanical proper-
ties test results. Microstructure observation revealed that there is 
no significant difference in grain size and grain shape on the stain-
less steel side. Computer simulation results showed that the welded 
aluminum-stainless steel joint shows marks of heat affected zone 
near the weld interface only on the aluminum side, and this was 
confirmed by experimental results.

Keywords: continuous drive friction welding, aluminum, tem-
perature cycle, dissimilar metal, mechanical properties test.
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In the previous study, Continuous Drive Friction Weld-
ing (CDFW) had been investigated to determine the strength 
of joining, burn off, and temperature distribution. In this study, 
Dissimilar Metal CDFW was studied to assess temperature cycle 
analysis. Aluminum 6061 (A6061) workpiece was fixed, and an 
AISI 304 was rotated at 1,000 rpm. The temperature distribution 
was measured by using an OMEGA Thermocouple Data Logger. 
The thermocouple was installed near joining location 5 mm dis-
tance from the joint. In the computer simulation, the geometry of 
CDFW was designed using ANSYS Design Modeler. Computer 
simulation with transient thermal combined with static structural 
analysis was modeled by using ANSYS academic version Rel. 18.1. 
The boundary condition was set based on the experimental condi-
tion, where the Aluminum 6061 was fixed, and the AISI 304 was 
rotated at 1,000 rpm. Based on the experimental results, the tem-
perature profile as the outer surface of the distance of the center 
of the joint location can be measured. From the simulation results, 
it can be seen that the temperature cycle profile is the same trend 
with experimental results. The mechanical properties provided that 
this phenomenon is shown in the characteristics of tensile strength, 
microstructure and hardness test as model analysis to denote the 



69

Abstract and References. Materials Science

Mykhailo Tulenko 
Ivan Kozhedub Kharkiv University of Air Force, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-4484-2069

Anatolii Dzheniuk 
National Technical University «Kharkiv Polytechnic Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-6360-9425

Technological approaches to surface electrochemical treat-
ment of aluminum alloys are analyzed. It is shown that directed 
modification of the carrier surface allows expanding the function-
al properties of the treated material. The mechanisms of treatment 
of aluminum alloys of different composition are investigated and 
technological models of processes using generalized phenomeno-
logical schemes are developed. Methods surface forming treat-
ment of aluminum alloys by pulse current forming in chloride-
containing electrolytes and plasma electrolytic oxidation in 
alkaline solutions of diphosphates are proposed. It is shown that 
the use of pulse electrolysis promotes the formation of a developed 
mesh and porous structure. Control methods and factors of the 
treatment process are generalized. The resulting systems can be 
used as carriers of catalytic material provided that a secondary 
catalytically active layer is applied. It is found that using plasma 
electrolytic oxidation, it is possible to change the shape and 
homogenize the surface layers of the carrier and apply a tightly 
adhered layer of catalytic material in one technological process. 
It is shown that the characteristic parameters of PEO depend on 
the composition of the treated material. It is revealed that the 
morphology and phase structure of surface oxide layers change 
during PEO. The formed oxide coatings consist of α-Al2O3 and 
have a high degree of surface development, which is a prerequisite 
for increasing their functional properties. The proposed approach 
can be used in surface engineering technology and for obtaining 
materials for environmentally friendly technologies.

Keywords: surface modification, surface forming, surface ho-
mogenization, process modeling, oxide coating.

References 

1. Fridlyander, I. N., Sister, V. G., Grushko, O. E., Berstenev, V. V.,  

Sheveleva, L. M., Ivanova, L. A. (2002). Aluminum Al-

loys: Promising Materials in the Automotive Industry. Met-

al Science and Heat Treatment, 44, 365–370. doi: http:// 

doi.org/10.1023/A:1021901715578

2. Tisza, M., Lukács, Z. (2018). High strength aluminum alloys 

in car manufacturing. IOP Conference Series: Materials Science 

and Engineering, 418, 012033. doi: https://doi.org/10.1088/ 

1757-899x/418/1/012033 

3. Kermanidis, A. T. (2020). Aircraft Aluminum Alloys: Applications 

and Future Trends. Revolutionizing Aircraft Materials and Pro-

cesses, 21–55. doi: https://doi.org/10.1007/978-3-030-35346-9_2 

4. Bohuslaiev, V. O. (2009). Aviatsiyno-kosmichni materialy ta tekh-

nolohiyi. Zaporizhzhia: Motor Sich, 383.

5. Dokšanović, T., Džeba, I., Markulak, D. (2017). Applications of 

aluminium alloys in civil engineering. Tehnički vjesnik, 24 (5), 

1609–1618. doi: https://doi.org/10.17559/tv-20151213105944 

6. Parsadanov, I. V., Sakhnenko, N. D., Ved’, M. V., Rykova, I. V., 

Khyzhniak, V. O., Karakurkchi, A. V., Gorokhivskiy, A. S. (2017). 

Increasing the efficiency of intra-cylinder catalysis in diesel engines. 

Voprosy himii i himicheskoy tehnologii, 6, 145–151.

7.	 Santina Mohallem, N. D., Machado, M., Silva, A. R. (2011). Auto-

motive Catalysts: Performance, Characterization and Development. 

14.	 Ahmad Fauzi, M. N., Uday, M. B., Zuhailawati, H., Ismail, A. B. 

(2010). Microstructure and mechanical properties of alumina-6061 

aluminum alloy joined by friction welding. Materials & Design,  

31 (2), 670–676. doi: https://doi.org/10.1016/j.matdes.2009.08.019 

15.	 Seli, H., Ismail, A. I. M., Rachman, E., Ahmad, Z. A. (2010). Mechani-

cal evaluation and thermal modelling of friction welding of mild steel 

and aluminium. Journal of Materials Processing Technology, 210 (9), 

1209–1216. doi: https://doi.org/10.1016/j.jmatprotec.2010.03.007 

16.	 Meshram, S. D., Mohandas, T., Reddy, G. M. (2007). Friction 

welding of dissimilar pure metals. Journal of Materials Process-

ing Technology, 184 (1-3), 330–337. doi: https://doi.org/10.1016/ 

j.jmatprotec.2006.11.123 

17.	 Taban, E., Gould, J. E., Lippold, J. C. (2010). Characterization of 

6061-T6 aluminum alloy to AISI 1018 steel interfaces during join-

ing and thermo-mechanical conditioning. Materials Science and 

Engineering: A, 527 (7-8), 1704–1708. doi: https://doi.org/10.1016/ 

j.msea.2009.10.059 

18.	 Rn, S., Surendran, S. (2012). Friction Welding to Join Dissimilar 

Metals. International Journal of Emerging Technology and Ad-

vanced Engineering, 2 (7), 200–210

19.	 Kannan, P., Balamurugan, K., Thirunavukkarasu, K. (2014). An 

experimental study on the effect of silver interlayer on dissimilar 

friction welds 6061-T6 aluminum mmC and AISI 304 stainless 

steel. Indian Journal of Engineering and Materials Sciences, 21 (6), 

635–646.

20.	 Irawan, Y. S., Razaq, F., Suprapto, W., Wardana, B. S. (2019). 

Tensile strength and fatigue crack growth rate of chamfered and 

clamped A6061 friction weld joints. Eastern-European Journal 

of Enterprise Technologies, 6 (12 (102)), 31–39. doi: https:// 

doi.org/10.15587/1729-4061.2019.154384 

21.	 JIS Z 2201:1998. Test pieces for tensile test for metallic materials 

(1998). Japanese Standards Association.

22.	 Ansys Design Modeller. Ansys Inc. Available at: https://www.ansys.

com

23.	 Alves, E. P., Toledo, R. C., Botter, F. G., An, C. Y. (2019). Experi-

mental Thermal Analysis in Rotary Friction Welding of Dissimilar 

Materials. Journal of Aerospace Technology and Management.  

doi: https://doi.org/10.5028/jatm.v11.1068 

24.	 Kimura, M., Suzuki, K., Kusaka, M., Kaizu, K. (2017). Effect of 

friction welding condition on joining phenomena and mechanical 

properties of friction welded joint between 6063 aluminium alloy 

and AISI 304 stainless steel. Journal of Manufacturing Processes,  

26, 178–187. doi: https://doi.org/10.1016/j.jmapro.2017.02.008 

DOI: 10.15587/1729-4061.2020.206014
ANALYSIS OF TECHNOLOGICAL APPROACHES TO 
ELECTROCHEMICAL SURFACE TREATMENT OF 
ALUMINUM ALLOYS (р. 44–55)

Ann Karakurkchi 
National Technical University «Kharkiv Polytechnic Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-1287-3859

Mykola Sakhnenko 
National Technical University «Kharkiv Polytechnic Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-5525-9525

Maryna Ved’
National Technical University «Kharkiv Polytechnic Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-5719-6284



70

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 3/12 ( 105 ) 2020

ing applications. Progress in Materials Science, 58 (5), 636–704.  

doi: https://doi.org/10.1016/j.pmatsci.2013.01.002 

24.	 Sulka, G. (Ed.) (2020). Nanostructured Anodic Metal Oxides. Else-

vier, 484. doi: https://doi.org/10.1016/c2017-0-04824-3 

25.	 Kirienko, P. I., Popovich, N. A., Solov’ev, S. A., Knyazev, Yu. V.,  

Slipets, O. O., Solov’eva, E. A. (2010). Development of multicom-

ponent metal-oxide of catalysts of neutralization of internal com-

bustion engine exhausts. Eastern-European Journal of Enterprise 

Technologies, 2 (6 (44)), 18–24. Available at: http://journals.uran.

ua/eejet/article/view/2679/2485

26.	 Lukiyanchuk, I. V., Rudnev, V. S., Chernykh, I. V., Malyshev, I. V., 

Tyrina, L. M., Adigamova, M. V. (2013). Composites with transition 

metal oxides on aluminum and titanium and their activity in CO oxi-

dation. Surface and Coatings Technology, 231, 433–438. doi: https://

doi.org/10.1016/j.surfcoat.2012.10.031 

27.	 Ved’, M. V., Sakhnenko, M. D., Bohoyavlens’ka, O. V., Nenasti- 

na, T. O. (2008). Modeling of the surface treatment of passive met-

als. Materials Science, 44 (1), 79–86. doi: https://doi.org/10.1007/

s11003-008-9046-6 

28.	 Sakhnenko, N. D., Ved’, M. V., Karakurkchi, A. V. (2017). Morpholo-

gy and Properties of Coatings Obtained by Plasma-Electrolytic Oxi-

dation of Titanium Alloys in Pyrophosphate Electrolytes. Protection 

of Metals and Physical Chemistry of Surfaces, 53 (6), 1082–1090. 

doi: https://doi.org/10.1134/s207020511706020x 

29.	 Rudnev, V. S., Vasilyeva, M. S., Kondrikov, N. B., Tyrina, L. M. 

(2005). Plasma-electrolytic formation, composition and catalyt-

ic activity of manganese oxide containing structures on titani-

um. Applied Surface Science, 252 (5), 1211–1220. doi: https:// 

doi.org/10.1016/j.apsusc.2004.12.054 

30.	 Bozon-Verduraz, F., Fiévet, F., Piquemal, J.-Y., Brayner, R.,  

El Kabouss, K., Soumare, Y. et. al. (2009). Nanoparticles of metal 

and metal oxides: some peculiar synthesis methods, size and shape 

control, application to catalysts preparation. Brazilian Journal of 

Physics, 39 (1a), 134–140. doi: https://doi.org/10.1590/s0103-

97332009000200002 

31.	 Karakurkchi, A., Sakhnenko, M., Ved’, M., Yermolenko, I., Pavlenko, S.,  

Yevsieiev, V. et. al. (2019). Determining features of application of func-

tional electrochemical coatings in technologies of surface treatment. 

Eastern-European Journal of Enterprise Technologies, 3 (12 (99)), 

29–38. doi: https://doi.org/10.15587/1729-4061.2019.171787 

32.	 Danilov, F. I., Protsenko, V. S., Butyrina, T. E., Krasinskii, V. A., 

Baskevich, A. S., Kwon, S. C., Lee, J. Y. (2011). Electrodeposition of 

nanocrystalline chromium coatings from Cr(III)-based electrolyte 

using pulsed current. Protection of Metals and Physical Chem-

istry of Surfaces, 47 (5), 598–605. doi: https://doi.org/10.1134/

s2070205111050066 

33.	 Taylor, E. J. (2008). Adventures in pulse/pulse reverse electrolytic 

processes: Explorations and applications in surface finishing. Journal 

of Applied Surface Finishing, 3 (4), 178–189.

34.	 Lebukhova, N. V., Rudnev, V. S., Kirichenko, E. A., Chigrin, P. G., 

Lukiyanchuk, I. V., Yarovaya, T. P. (2016). Effect of the structure 

of the oxidized titanium surface on the particle size and properties 

of the deposited copper–molybdate catalyst. Protection of Metals 

and Physical Chemistry of Surfaces, 52 (6), 1024–1030. doi: https:// 

doi.org/10.1134/s2070205116060149 

35. Kokatev, A. N., Lukiyanchuk, I. V., Yakovleva, N. M., Rudnev, V. S.,  

Chupakhina, E. A., Yakovlev, A. N., Stepanova, K. V. (2016). 

Catalytically active composite materials with porous aluminum 

oxide matrix modified by γ-MnO2 nanoparticles. Protection of 

Metals and Physical Chemistry of Surfaces, 52 (5), 832–838.  

doi: https://doi.org/10.1134/s2070205116050130 

New Trends and Developments in Automotive Industry, 347–364. 

doi: https://doi.org/10.5772/13303 

8. Zolotorevsky, V. S., Belov, N. A., Glazoff, M. V. (2007). Casting 

Aluminum Alloys. Elsevier, 544. doi: https://doi.org/10.1016/b978-

0-08-045370-5.x5001-9 

9.	 Zolotorevskiy, V. S., Belov, N. A. (2005). Metallovedenie liteynyh 

alyuminievyh splavov. Moscow: MISiS, 376.

10.	 Terryn, H., Vereecken, J. (1991). Surface engineering of aluminium and 

its alloys. EMC ’91: Non-Ferrous Metallurgy – Present and Future, 

473–480. doi: https://doi.org/10.1007/978-94-011-3684-6_51 

11.	 Karakurkchi, A. V., Ved’, M. V., Yermolenko, I. Y., Sakhnenko, N. D.  

(2016). Electrochemical deposition of Fe–Mo–W alloy coat-

ings from citrate electrolyte. Surface Engineering and Applied 

Electrochemistry, 52 (1), 43–49. doi: https://doi.org/10.3103/

s1068375516010087 

12.	 Ved’, M. V., Sakhnenko, M. D., Karakurkchi, H. V., Ermolenko, I. Y.,  

Fomina, L. P. (2016). Functional Properties of Fe−Mo and  

Fe−Mo−W Galvanic Alloys. Materials Science, 51 (5), 701–710.  

doi: https://doi.org/10.1007/s11003-016-9893-5 

13.	 Rudnev, V. S., Lukiyanchuk, I. V., Vasilyeva, M. S., Medkov, M. A.,  

Adigamova, M. V., Sergienko, V. I. (2016). Aluminum- and ti-

tanium-supported plasma electrolytic multicomponent coatings 

with magnetic, catalytic, biocide or biocompatible properties. 

Surface and Coatings Technology, 307, 1219–1235. doi: https:// 

doi.org/10.1016/j.surfcoat.2016.07.060 

14.	 Ved, M., Glushkova, M., Sakhnenko, N. (2013). Catalytic properties 

of binary and ternary alloys based on silver. Functional Materials,  

20 (1), 87–91. doi: https://doi.org/10.15407/fm20.01.087 

15.	 Zhou, C., Tao, L., Yang, F., Wang, B., Wan, X., Jin, Y. et. al. (2019). 

Application of electrochemical methods in heterogeneous catalysis. 

Current Opinion in Chemical Engineering, 26, 88–95. doi: https://

doi.org/10.1016/j.coche.2019.09.007 

16.	 Kim, H.-H., Teramoto, Y., Ogata, A., Takagi, H., Nanba, T. (2015). 

Plasma Catalysis for Environmental Treatment and Energy Applica-

tions. Plasma Chemistry and Plasma Processing, 36 (1), 45–72. doi: 

https://doi.org/10.1007/s11090-015-9652-7 

17.	 Schwarz, J. A., Contescu, C., Contescu, A. (1995). Methods for Prep-

aration of Catalytic Materials. Chemical Reviews, 95 (3), 477–510. 

doi: https://doi.org/10.1021/cr00035a002 

18.	 Karakurkchi, A., Sakhnenko, M., Ved, M., Galak, A., Petrukhin, S.  

(2017). Application of oxide-metallic catalysts on valve metals for 

ecological catalysis. Eastern-European Journal of Enterprise Tech-

nologies, 5 (10 (89)), 12–18. doi: https://doi.org/10.15587/1729-

4061.2017.109885 

19.	 Lukiyanchuk, I. V., Rudnev, V. S., Tyrina, L. M., Chernykh, I. V. 

(2014). Plasma electrolytic oxide coatings on valve metals and their 

activity in CO oxidation. Applied Surface Science, 315, 481–489. 

doi: https://doi.org/10.1016/j.apsusc.2014.03.040 

20.	 Burange, A. S., Gawande, M. B. (2016). Role of Mixed Met-

al Oxides in Heterogeneous Catalysis. Encyclopedia of In-

organic and Bioinorganic Chemistry, 1–19. doi: https:// 

doi.org/10.1002/9781119951438.eibc2458 

21.	 Poncelet, G., Jacobs, P., Grange, P., Delmon, B. (1991). Studies in 

Surface Preparation of Catalysts V. Scientific Bases for the Prepara-

tion of Heterogeneous Catalysts. Elsevier, 747.

22.	 Hartmann, S., Sachse, A., Galarneau, A. (2012). Challenges and 

Strategies in the Synthesis of Mesoporous Alumina Powders and 

Hierarchical Alumina Monoliths. Materials, 5 (12), 336–349.  

doi: https://doi.org/10.3390/ma5020336 

23.	 Md Jani, A. M., Losic, D., Voelcker, N. H. (2013). Nanoporous an-

odic aluminium oxide: Advances in surface engineering and emerg-



71

Abstract and References. Materials Science

alloy. Modern Physics Letters B, 34 (07n09), 2040025. doi: https:// 

doi.org/10.1142/s0217984920400254 

50.	 Karakurkchi, A. V., Sakhnenko, N. D., Ved’, M. V., Luhovskyi, I. S., 

Drobakha, H. A., Mayba, M. V. (2019). Features of Plasma Electro-

lytic Formation of Manganese- and Cobalt-Containing Composites 

on Aluminum Alloys. Advances in Materials Science and Engineer-

ing, 2019, 1–13. doi: https://doi.org/10.1155/2019/6381291 

51.	 Sakhnenko, M., Karakurkchi, A., Galak, A., Menshov, S., Matykin, O.  

(2017). Examining the formation and properties of TiO2 ox-

ide coatings with metals of iron triad. Eastern-European Jour-

nal of Enterprise Technologies, 2 (11 (86)), 4–10. doi: https:// 

doi.org/10.15587/1729-4061.2017.97550 

52.	 Sakhnenko, N. D., Ved, M. V., Karakurkchi, A. V. (2017). Nanoscale 

Oxide PEO Coatings Forming from Diphosphate Electrolytes. 

Nanophysics, Nanomaterials, Interface Studies, and Applications, 

507–531. doi: https://doi.org/10.1007/978-3-319-56422-7_38 

DOI: 10.15587/1729-4061.2020.206395
INVESTIGATING AN ALTERNATIVE ELECTRICITY 
SUPPLY SYSTEM FOR PREVENTING EMERGENCIES 
UNDER CONDITIONS OF limited capacity (p. 56–61)

Alexandr Burmenko 
National University of Civil Defence of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-5014-2678 

Natalya Deyneko 
National University of Civil Defence of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-8438-0618

Irina Hrebtsova 
Design and Technology Institute of Micrographics,  

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-4987-2614

Igor Kryvulkin 
Design and Technology Institute of Micrographics,  

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-2836-4004

Olga Prokopenko 
Cherkasy Regional Center of Hydrometeorology,  

Cherkasy, Ukraine
ORCID: http://orcid.org/0000-0001-9749-9386 

Roman Shevchenko 
National University of Civil Defence of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-9634-6943

Olexandr Tarasenko 
National University of Civil Defence of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-5229-1979

Film solar cells have been investigated to meet the need for an 
alternative system of electricity supply during the elimination and 
prevention of an emergency when an electricity supply system is 
damaged. Given the high degradation resistance of cadmium tel-
luride, the study has examined the two-way sensitive solar cells 
based on CdS/CdTe with a super-thin base layer suitable for forming 
tandem structures. Creating the tandem structures makes it possible 
to improve the efficiency by placing another photoconverter at the 
front surface. We have measured the light volt-ampere characteris-
tics of ITO/CdS/CdTe/Cu/ITO solar cells with a base layer thick-
ness of 1 μm when simultaneously lighting the rear and frontal sides. 
It has been experimentally shown that two-way lighting makes it 
possible to increase the electrical power generated by the device 
structure by 30 %.
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The study of the spectral dependences of transmittance has 
shown that the device structures ITO/CdS/CdTe/Cu/ITO with a 
thickness of the base layer of 1 μm demonstrate, in the spectral ran- 
ge (0.82‒1.10) μm, average transmittance of 0.58. Examining the 
light volt-ampere characteristics of the solar cells Mo/CuInSe2/
CdS/ZnO/ZnO:Al/Ni: Al/Ni has shown that placing, at its fron-
tal surface, the solar element ITO/CdS/CdTe/Cu/ITO leads to 
a decrease in efficiency from 11.2 % to 6.0 %. Such a decrease is 
primarily due to a decrease in the short-circuit current density from  
25.9 mA/cm2 to 13.8 mA/cm2. However, as the efficiency of the 
ITO/CdS/CdTe/Cu/ITO solar element is 7.8 %, the tested tandem 
photovoltaic converters ITO/CdS/CdTe/Cu/ITO – Mo/CuInSe2/
CdS/ZnO/ZnO:Al/Ni demonstrated the efficiency 13.8 %.

Keywords: cadmium telluride, photoelectric converters, tandem 
and double-sided sensitive instrument structures.
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