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Power plant boilers operate at relatively high temperatures
and pressures. As they are prone to material degradation, fouling
and scaling, the materials used must have good thermal and chemi-
cal resistance. Coating material is one of the solutions to problems
that exist in boilers. In this study, the basic coating material used
came from local mineral resources, namely Kalimantan zircon sand
and zirconia that had been purified from zircon sand. And there is
the addition of filler as a coating reinforcement so that the coating
properties become better. The variables of this study are variations of
filler materials that have lubricating properties such as hBN, MoS,,
graphite and a mixture of the three fillers (hybrid). The coating
method used is slurry spray coating and then sintering at 600 °C. The
main coating parameter tests carried out were thermal shock and
anti-fouling resistance. From the research results, it was found that
the purification of Zircon Sand resulted in an increase in Zirconia
content from 59 % to 68 %. From the results of the thermal shock
resistance and anti-fouling tests, it was found that the coating with
purified zircon has better thermal shock resistance while the fouling
resistance is not significantly different from unrefined zircon sand,
so it is necessary to develop a zircon purification process to obtain a
higher ZrO, content. For filler variations, the hybrid filler produces a
coating with better thermal shock and anti-fouling resistance so that
it can be used for optimizing ceramic composite coatings.

Keywords: zircon sand ceramic coating, purified zircon ceramic
coating, lubricant, slurry spray, thermal shock, fouling resistance.
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Utilization of industrial waste and secondary raw materials,
in particular, in the production of metallic silicon and silicon-
containing alloys, which include silica vapors (microsilica), is
the main task of implementing environmental policy and solves
the problem of their storage and negative impact on the environ-
ment, in order to reuse them in polymer composites. The use of
microsilica as a filler in composite materials based on epoxy resins
contributes to a positive effect on the basic properties of the resin,
and also makes it possible to use the composite material as coatings
and parts in the repair of machinery and equipment. The aim of the
work was to establish the positive effect of microsilica as a filler
in composite materials based on ED-20 epoxy resin on improving
the physical and mechanical properties of composite materials.
Within the framework of this work, studies were conducted to test
composite materials based on ED-20 epoxy resin, differing in dif-
ferent filler content of 2, 5, 10, 15 wt. % on impact strength, tensile
strength and modulus of elasticity, adhesion and impact strength
of the coating.

The analysis of the obtained results showed a positive effect of
microsilica as a filler in composite materials based on ED-20 epoxy
resin on the physical and mechanical properties of the composite
material. The optimal filler content was determined, which is 2 %
of the mass of the ED-20 epoxy resin, while an increase in adhesion,
toughness of the composite material by 45 %, tensile strength and
modulus of elasticity by 21 % and 5 %, respectively, and the strength
of the coating on impact by 32 %, compared with the addition of
microsilica in ED-20, which shows the prospects of using microsilica
as a filler in composite materials.

Keywords: filler, microsilica, epoxy resin, composite material,
impact strength, tensile modulus.
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Carburizing is a commonly employed technique used to im-
prove carbon steel’s surface characteristics, specifically its hard-
ness and ability to resist wear. The introduction of tension during
the carburizing process adds complexities that affect the distri-
bution of elements in the material. The research methodology
includes subjecting carbon steel samples to carburizing tempera-
tures and applying tensile stress. This approach allows for ana-
lyzing the effects of carburization and stress on the carbon steel
samples. The focus of the investigation was to analyze the use of
the pack carburizing technique at lower temperatures, specifi-
cally 700 °C and 750 °C, while also applying proportional-voltage
tensile stresses. The study focuses on conducting a comprehensive
analysis of changes in the chemical composition throughout the
cross-section of the material. Advanced analytical techniques
perform mapping and elemental spectrum analysis, such as scan-
ning electron microscopy (SEM) and energy-dispersive spectros-
copy (EDS). These techniques enable a thorough investigation of
the distribution and composition of elements such as carbon, iron,
silicon, magnesium, and phosphorus. According to the research
findings, carbon elements were added within the temperature
range of 700 °C to 750 °C during the carburization process. The
carbon content in the material increased from 0.15 % in its un-
processed state to 0.73 % at a temperature of 700 °C, followed by
a further increase to 1.26 % at a temperature of 750 °C. According
to the study, it was found that applying tensile loads and reducing
carburizing temperatures can enhance the carburizing process and

result in higher carbon steel content. This can bring about cost
savings and improve overall industrial efficiency.

Keywords: carbon steel, load tensile, carburizing, chemical com-
position, scanning electron microscopy.
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Due to the cost efficiency of welding repairs, the use of transient
thermal tensioning (TTT) has begun to be applied to minimize dis-
tortion and residual stresses, particularly on thin plates. However,
it requires a long preheating time especially on large structures, so
that the efficiency of welding process cannot be maximized. Ap-
plication of TTT treatment using flame heater on TTT treatment
which require no preheating time so that welding efficiency can be
increased. The aims of this study are to investigate the TTT treat-
ment in reducing distortion, investigate the effect of TTT treatment
on tensile strength and hardness, investigate the microstructure and
its effect on tensile strength and hardness, investigated the effect
of TTT treatment on fatigue crack growth rate. In this research,
TTT treatment was performed by flame heating on the both side of
weld line integrated in welding process. Temperature in both side
plates were controlled and measured using thermocouple. The tests
on the weld joints were carried out including distortion measure-
ment, microstructure examination, hardness measurement, tensile
test and fatigue test. Results showed that the TTT (—60) treatment
is the most effective in decreasing the longitudinal distortion which
placing the flame heating a 60 mm behind welding torch. It tends to
increase the tensile strength of weld metal supported by its increas-
ing hardness. The increase in the percentage of the acicular ferrite
phase is linearly related to the tensile strength and hardness of the
weld joint. The fatigue behavior could be improved by TTT treat-
ment (—60) which is associated with the effect of decreasing residual
stress in the weld metal region. This treatment is the best parameter
in an effort to increase the welding efficiency of the TTT method.

Keywords: TTT treatment, distortion, fatigue behavior, flame
heating, welding efficiency, welding process, steel welded, thin
plates, microstructure, tensile strength.

References

1. Zhou, Q., Wang, Y., Choi, S.-K., Cao, L., Gao, Z. (2018). Robust op-
timization for reducing welding-induced angular distortion in fiber
laser keyhole welding under process parameter uncertainty. Applied
Thermal Engineering, 129, 893-906. doi: https://doi.org/10.1016/
j.applthermaleng.2017.10.081

2. Subeki, N., Jamasri, [lman, M. N., Iswanto, P. T. (2017). The effect
of heating temperature in static thermal tensioning (STT) weld-
ing on mechanical properties and fatigue crack propagation rate of
FCAW in steel A 36. AIP Conference Proceedings. doi: https://
doi.org/10.1063,/1.4968310

3. Triyono, Sukanto, H., Muhayat, N., Sutiyono (2014). Effect of
Stretching during Welding Process on the Weldability of Dissimil-
lar Metals Resistance Spot Welded between Carbon Steel and Low
Nickel Stainless Steel. Advanced Materials Research, 894, 206—211.
doi: https://doi.org/10.4028 /www.scientific.net/amr.894.206

4. Xu,J., Chen, L., Ni, C. (2007). Effect of vibratory weld conditioning
on the residual stresses and distortion in multipass girth-butt welded
pipes. International Journal of Pressure Vessels and Piping, 84 (5),
298-303. doi: https://doi.org/10.1016/j.ijpvp.2006.11.004

5. Singh, P. K., Patel, D., Prasad, S. B. (2016). Optimization of process
parameters during vibratory welding technique using Taguchi’s
analysis. Perspectives in Science, 8, 399-402. doi: https://doi.org/
10.1016/j.pisc.2016.04.088

6. Peng, K., Yang, C., Fan, C, Lin, S. (2018). Microstructure and
mechanical properties of simulated unaltered coarse grained heat
affected zones of 10CrNi3MoV steel by double-sided double arc
welding. Journal of Materials Processing Technology, 251, 225-231.
doi: https://doi.org/10.1016/j.jmatprotec.2017.08.032

7. Takwim, R.N. A., Purwoko, P, Pranoto, B. (2021). Effect of Temper-
ature Variation of Static Thermal Tensioning on Angular Distortion
and Sensitization behavior of GMAW Welded SUS 304 Stainless


https://doi.org/10.1016/j.applthermaleng.2017.10.081
https://doi.org/10.1016/j.applthermaleng.2017.10.081
https://doi.org/10.1063/1.4968310
https://doi.org/10.1063/1.4968310
https://doi.org/10.4028/www.scientific.net/amr.894.206
https://doi.org/10.1016/j.ijpvp.2006.11.004
https://doi.org/10.1016/j.pisc.2016.04.088
https://doi.org/10.1016/j.pisc.2016.04.088
https://doi.org/10.1016/j.jmatprotec.2017.08.032
https://www.academia.edu/28504474/Investigation_The_Mechanical_Properties_of_Carburized_Low_Carbon_Steel
https://www.academia.edu/28504474/Investigation_The_Mechanical_Properties_of_Carburized_Low_Carbon_Steel
https://www.academia.edu/28504474/Investigation_The_Mechanical_Properties_of_Carburized_Low_Carbon_Steel
https://doi.org/10.1088/1742-6596/1858/1/012026
https://doi.org/10.1088/1757-899x/1108/1/012036
https://doi.org/10.1088/1757-899x/1108/1/012036
https://doi.org/10.7454/mst.v7i1.137
https://doi.org/10.1016/j.surfcoat.2020.126343
https://www.ripublication.com/ijame-spl/ijamev4n7spl_07.pdf
https://www.ripublication.com/ijame-spl/ijamev4n7spl_07.pdf
https://doi.org/10.1016/b978-0-7506-4564-5.x5000-9
https://doi.org/10.1016/b978-0-7506-4564-5.x5000-9
https://doi.org/10.6000/1927-5129.2012.08.02.11
https://www.issr-journals.org/xplore/ijias/0006/004/IJIAS-14-153-05.pdf
https://www.issr-journals.org/xplore/ijias/0006/004/IJIAS-14-153-05.pdf
https://doi.org/10.1007/s11665-013-0762-1
https://doi.org/10.1016/j.apsusc.2008.05.223

20.

21.

Steel Plate. Logic: Jurnal Rancang Bangun Dan Teknologi, 21 (3),
218-224. doi: https://doi.org/10.31940/logic.v21i3.218-224

. Ilman, M. N,, Sehono, Muslih, M. R., Wibowo, H. (2020). The ap-

plication of transient thermal tensioning for improving fatigue crack
growth resistance of AA5083-H116 FSW joints by varying second-
ary heating temperature. International Journal of Fatigue, 133,
105464. doi: https://doi.org/10.1016/j.ijfatigue.2019.105464

. Souto, J., Ares, E., Alegre, P. (2015). Procedure in Reduction of Dis-

tortion in Welding Process by High Temperature Thermal Transient
Tensioning. Procedia Engineering, 132,732—739.doi: https://doi.org/
10.1016/j.proeng.2015.12.554

. Michaleris, P. (2011). Introduction to welding residual stress and

distortion. Minimization of Welding Distortion and Buckling, 3—22.
doi: https://doi.org/10.1533/9780857092908.1.3

. Tra, T. H., Okazaki, M., Suzuki, K. (2012). Fatigue crack propagation

behavior in friction stir welding of AA6063-T5: Roles of residual
stress and microstructure. International Journal of Fatigue, 43, 23—
29. doi: https://doi.org/10.1016/j.ijfatigue.2012.02.003

. Zhang, Y., Ying, Y., Liu, X., Wei, H. (2016). Deformation control dur-

ing the laser welding of a TigAl4V thin plate using a synchronous gas
cooling method. Materials &amp; Design, 90, 931-941. doi: https://
doi.org/10.1016/j.matdes.2015.11.035

. Pazooki, A. M. A., Hermans, M. J. M., Richardson, 1. M. (2016).

Finite element simulation and experimental investigation of thermal
tensioning during welding of DP600 steel. Science and Technology
of Welding and Joining, 22 (1), 7-21. doi: https://doi.org/10.1080/
13621718.2016.1180861

. Yi, B, Wang, J. (2022). Influence of Location of Transient Thermal

Tensioning on Mitigating Buckling Distortion During Thin Plates
Fillet Welding. The 32nd International Ocean and Polar Engineer-
ing Conference. Available at: http://publications.isope.org/proceed-
ings/ISOPE/ISOPE%202022 /data/pdfs Vol4/414-TPC-0232.pdf

. Deo, M. V., Michaleris, P. (2003). Mitigation of welding induced

buckling distortion using transient thermal tensioning. Science and
Technology of Welding and Joining, 8 (1), 49-54. doi: https://doi.org/
10.1179/136217103225008919

. Yang, Y. P, Dong, P. (2011). Buckling Distortions and Mitigation

Techniques for Thin-Section Structures. Journal of Materials En-
gineering and Performance, 21 (2), 153—160. doi: https://doi.org/
10.1007/s11665-011-9928-x

. Liu, Y, Ma, N,, Ly, E, Fang, H. (2021). Measurement and analysis of

welding deformation in arc welded lap joints of thin steel sheets with
different material properties. Journal of Manufacturing Processes,
61, 507-517. doi: https://doi.org/10.1016/j.jmapro.2020.11.038

. Fahlstrom, K., Andersson, O., Karlsson, L., Svensson, L.-E. (2017).

Metallurgical effects and distortions in laser welding of thin sheet
steels with variations in strength. Science and Technology of Weld-
ing and Joining, 22 (7), 573-579. doi: https://doi.org/10.1080/
13621718.2016.1275483

. Wen, Q,, Ji, S., Zhang, L., Yue, Y., Ly, Z. (2018). Temperature, Stress

and Distortion of Ti—-6A1-4V Alloy Low-Temperature Friction Stir
Welding Assisted by Trailing Intensive Cooling. Transactions of the
Indian Institute of Metals, 71 (12), 3003—3009. doi: https://doi.org/
10.1007/s12666-018-1401-1

Li, J., Guan, Q., Shi, Y., Guo, D., Dy, Y., Sun, Y. (2004). Studies
on characteristics of temperature field during GTAW with a trail-
ing heat sink for titanium sheet. Journal of Materials Processing
Technology, 147 (3), 328-335. doi: https://doi.org/10.1016/
jjmatprotec.2003.12.012

Ji, S., Yang, Z., Wen, Q., Yue, Y., Zhang, L. (2018). Effect of Trailing In-
tensive Cooling on Residual Stress and Welding Distortion of Friction
Stir Welded 2060 Al-Li Alloy. High Temperature Materials and Pro-
cesses, 37 (5), 397-403. doi: https://doi.org/10.1515/htmp-2016-0217

22.

23.

24.

25.

26.

21.

28.

29.

30.

Wibowo, H., Ilman, M. N, Iswanto, P. T., Muslih, M. R. (2017). Control
of Distortion by Combined Effect of DC-LSND and TTT in MIG Weld
Joints and Its Effect on Residual Stress and Fatigue Behavior. Interna-
tional Journal of Mechanical and Mechatronics Engineering, 17 (06).
Smallman, R. E., Bishop, R. J. (1999). Modern Physical Metallurgy
and Materials Engineering. Butterworth-Heinemann. doi: https://
doi.org/10.1016,/b978-0-7506-4564-5.x5000-9

Digheche, K., Boumerzoug, Z., Diafi, M., Saadi, K. (2017). Influence
of heat treatments on the microstructure of welded API X70 pipeline
steel. Acta Metallurgica Slovaca, 23 (1), 72-78. doi: https://doi.org/
10.12776/ams.v23i1.879

Fattahi, M., Nabhani, N., Hosseini, M., Arabian, N., Rahimi, E. (2013).
Effect of Ti-containing inclusions on the nucleation of acicular fer-
rite and mechanical properties of multipass weld metals. Micron, 45,
107-114. doi: https://doi.org/10.1016/j.micron.2012.11.004

Nako, H., Miyamoto, G., Zhang, Y., Furuhara, T. (2022). Influence
of Acicular Ferrite Microstructure on Toughness of Ti-Rare Earth
Metal (REM)-Zr Killed Steel. Tetsu-to-Hagane, 108 (5), 295-305.
doi: https://doi.org/10.2355 /tetsutohagane.tetsu-2021-127

Dhib, Z., Guermazi, N., Gaspérini, M., Haddar, N. (2016). Cladding
of low-carbon steel to austenitic stainless steel by hot-roll bonding:
Microstructure and mechanical properties before and after welding.
Materials Science and Engineering: A, 656, 130—141. doi: https://
doi.org/10.1016/j.msea.2015.12.088

Sun, Q., Di, H.-S,, Li, J.-C., Wu, B.-Q., Mista, R. D. K. (2016). A
comparative study of the microstructure and properties of 800 MPa
microalloyed C-Mn steel welded joints by laser and gas metal arc
welding. Materials Science and Engineering: A, 669, 150—158. doi:
https://doi.org/10.1016/j.msea.2016.05.079

D’Urso, G., Giardini, C., Lorenzi, S., Pastore, T. (2014). Fatigue
crack growth in the welding nugget of FSW joints of a 6060 alu-
minum alloy. Journal of Materials Processing Technology, 214 (10),
2075-2084. doi: https://doi.org/10.1016/j jmatprotec.2014.01.013
Kumar, M., Bhadauria, S. S., Sharma, V. (2022). Effect of tool pin
profiles on fatigue crack growth rate of friction stir welded joint of
Al alloy 7075-T651. Canadian Metallurgical Quarterly, 1-10. doi:
https://doi.org/10.1080,00084433.2022.2160574

DOI: 10.15587,/1729-4061.2023.286198

COMPARISON OF CHEMICAL COMPOSITION AND
WEAR OF IRON AND NICKEL ALUMINIDE COATINGS
APPLIED BY PLASMA SPRAYING (p. 47-33)

Igor Smirnov

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-1818-7403

Andrii Chornyi

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-7424-0264

Volodymyr Lysak

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-6565-2793

Nikolay Dolgov

G. S. Pisarenko Institute for Problems of Strength

of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-3962-7551

Thor Sieliverstov
Kherson National Technical University, Khmelnytskyi, Ukraine
ORCID: https://orcid.org/0009-0009-6135-8165


https://doi.org/10.1016/b978-0-7506-4564-5.x5000-9
https://doi.org/10.1016/b978-0-7506-4564-5.x5000-9
https://doi.org/10.12776/ams.v23i1.879
https://doi.org/10.12776/ams.v23i1.879
https://doi.org/10.1016/j.micron.2012.11.004
https://doi.org/10.2355/tetsutohagane.tetsu-2021-127
https://doi.org/10.1016/j.msea.2015.12.088
https://doi.org/10.1016/j.msea.2015.12.088
https://doi.org/10.1016/j.msea.2016.05.079
https://doi.org/10.1016/j.jmatprotec.2014.01.013
https://doi.org/10.1080/00084433.2022.2160574
https://doi.org/10.31940/logic.v21i3.218-224
https://doi.org/10.1016/j.ijfatigue.2019.105464
https://doi.org/10.1016/j.proeng.2015.12.554
https://doi.org/10.1016/j.proeng.2015.12.554
https://doi.org/10.1533/9780857092908.1.3
https://doi.org/10.1016/j.ijfatigue.2012.02.003
https://doi.org/10.1016/j.matdes.2015.11.035
https://doi.org/10.1016/j.matdes.2015.11.035
https://doi.org/10.1080/13621718.2016.1180861
https://doi.org/10.1080/13621718.2016.1180861
http://publications.isope.org/proceedings/ISOPE/ISOPE%202022/data/pdfs_Vol4/414-TPC-0232.pdf
http://publications.isope.org/proceedings/ISOPE/ISOPE%202022/data/pdfs_Vol4/414-TPC-0232.pdf
https://doi.org/10.1179/136217103225008919
https://doi.org/10.1179/136217103225008919
https://doi.org/10.1007/s11665-011-9928-x
https://doi.org/10.1007/s11665-011-9928-x
https://doi.org/10.1016/j.jmapro.2020.11.038
https://doi.org/10.1080/13621718.2016.1275483
https://doi.org/10.1080/13621718.2016.1275483
https://doi.org/10.1007/s12666-018-1401-1
https://doi.org/10.1007/s12666-018-1401-1
https://doi.org/10.1016/j.jmatprotec.2003.12.012
https://doi.org/10.1016/j.jmatprotec.2003.12.012
https://doi.org/10.1515/htmp-2016-0217

Kostiantyn Parshenko
Khmelnytskyi National University, Khmelnytskyi, Ukraine
ORCID: https://orcid.org/0000-0001-6379-3587

Given such properties as wear resistance, corrosion resistance,
heat resistance, contact and cyclic strength, iron and nickel alumi-
nides can be used as coatings in friction pairs for various purposes.
The object of research is the process of obtaining plasma-sprayed
coatings from powders based on iron and nickel aluminides. The
task of research is the determination and comparison of the struc-
ture, chemical composition, and wear resistance of coatings from
powders of iron aluminide and nickel aluminide, obtained by the
method of atmospheric plasma spraying. To reduce the oxidation
of powders during spraying, the conditions for generating a lami-
nar plasma jet were created. Such conditions were provided by
the specially developed structure of the electric arc plasma gun
and the operating parameters of coating spraying. As a result of
the correct choice of spraying modes, completely melted splats
were formed during the collision of powder particles with the
surface. The resulting coatings had a layered microstructure with
microcracks and peeling. The porosity and characteristics of the
delamination of the coatings depend on both the modes and the
spraying technology. Tribological tests of the coatings were car-
ried out under conditions of dry metal-on-metal sliding friction
in a pair with high-speed steel. It is shown that the wear of nickel
aluminide coatings under these conditions is 2—2.5 times lower
than that of iron aluminide coatings. The coefficient of friction
of iron aluminide coatings is slightly lower than that of nickel
aluminide coatings. The wear of samples made of 30CrMnSi steel
is 3—4 times higher than samples with coatings. The difference in
the wear of the coatings is explained by the more intense oxida-
tion of iron aluminide in the friction process. Conclusions were
drawn regarding the possibility of using the investigated coatings
in various friction pairs of structural elements, in particular in the
automotive industry.

Keywords: iron aluminide, nickel aluminide, plasma spraying
of coatings, dry friction.

References

1. Chen, H., Fan, M., Zhu, W,, Norton, A. D. (2020). High temperature
oxidation behaviour of combustion flame sprayed CoNiCrAlY coat-
ings. Surface and Coatings Technology, 385, 125431. doi: https://
doi.org/10.1016/j.surfcoat.2020.125431

2. Rachidi, R, El Kihel, B., Delaunois, E (2019). Microstructure and me-
chanical characterization of NiCrBSi alloy and NiCrBSi-WC composite
coatings produced by flame spraying. Materials Science and Engineer-
ing: B, 241, 13-21. doi: https://doi.org/10.1016/j.mseb.2019.02.002

3. Grigoriev, O. N,, Shvets, V. A., Podchernyaeva, I. A., Yurechko, D. V.,
Vedel, D. V,, Zubarev, A. A. et al. (2020). Electrochemical Corrosion
of Composite Ceramics and Thermal Spray Coatings in the ZrBy—
SiC—AIN System. Powder Metallurgy and Metal Ceramics, 59 (7-8),
394-400. doi: https://doi.org/10.1007 /s11106-020-00173-2

4. Lyashenko, B. A., Veremchuk, V. S., Dolgov, N. A, Ivanov, V. M.
(1996). Strength and deformation properties of compositions with
plasma-sprayed coatings. Strength of Materials, 28 (6), 452—454.
doi: https://doi.org/10.1007 /bf02209316

5. Zhang, H., Chen, X., Gong, Y., Tian, Y., McDonald, A., Li, H. (2020).
In-situ SEM observations of ultrasonic cavitation erosion behavior
of HVOF-sprayed coatings. Ultrasonics Sonochemistry, 60, 104760.
doi: https://doi.org/10.1016/j.ultsonch.2019.104760

6. Raza, A., Ahmad, E, Badri, T. M., Raza, M. R., Malik, K. (2022). An
Influence of Oxygen Flow Rate and Spray Distance on the Porosity
of HVOF Coating and Its Effects on Corrosion—A Review. Materi-
als, 15 (18), 6329. doi: https://doi.org/10.3390/ma15186329

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Pawlowski, L. (2008). The Science and Engineering of Thermal

Spray Coatings. John Wiley & Sons. doi: https://doi.org/10.1002/
9780470754085

. Smyrnov, I. V., Chornyi, A. V., Kopylov, V. 1. (2020). Effect of

Nanodispersed Ingredients on the Properties of Plasma Coatings.
Metallofizika I Noveishie Tekhnologii, 42 (6), 797-814. doi: https://
doi.org/10.15407 /mfint.42.06.0797

. Gérard, B. (2006). Application of thermal spraying in the automobile

industry. Surface and Coatings Technology, 201 (5), 2028-2031. doi:
https://doi.org/10.1016 /j.surfcoat.2006.04.050

Gudz, G., Zakhara, 1., Voitsikhovska, T., Vytvytskyi, V., Ropyak, L.
(2022). Temperature Distribution in Parts of the Vehicle Disk Brake.
Lecture Notes in Mechanical Engineering, 517-529. doi: https://
doi.org/10.1007,/978-3-031-16651-8_49

Aranke, O., Algenaid, W., Awe, S., Joshi, S. (2019). Coatings for
Automotive Gray Cast Iron Brake Discs: A Review. Coatings, 9 (9),
552. doi: https://doi.org/10.3390/coatings9090552

Cinca, N, Lima, C. R. C., Guilemany, J. M. (2013). An overview of
intermetallics research and application: Status of thermal spray coat-
ings. Journal of Materials Research and Technology, 2 (1), 75-86.
doi: https://doi.org/10.1016/j.jmrt.2013.03.013

Wang, H., An, F, Bai, X., Yao, H., Zhang, M., Chen, Q. et al. (2023).
Improvement of Microstructure and Sliding Wear Property of
Cold-Sprayed FeAl Intermetallic Compound Coating by Annealing
Treatment. Coatings, 13 (7), 1260. doi: https://doi.org/10.3390/
coatings13071260

Chrostek, T. (2021). Tribological wear of Fe-Al coatings applied by
gas detonation spraying. Technical Sciences, 24 (1), 245-256. doi:
https://doi.org/10.31648 /ts.7129

Senderowski, C., Bojar, Z., Wolczyfiski, W Pawtowski, A. (2010).
Microstructure characterization of D-gun sprayed Fe—Al inter-
metallic coatings. Intermetallics, 18 (7), 1405-1409. doi: https://
doi.org/10.1016/j.intermet.2010.01.015

Vijaya Lakshmi, D., Suresh Babu, P, Rama Krishna, L., Vijay, R.,
Srinivasa Rao, D., Padmanabham, G. (2021). Corrosion and ero-
sion behavior of iron aluminide (FeAl(Cr)) coating deposited by
detonation spray technique. Advanced Powder Technology, 32 (7),
2192-2201. doi: https://doi.org/10.1016/j.apt.2021.04.032
Senapati, P, Sutar, H., Murmu, R., Gupta, S. (2022). Slurry Ero-
sion Behaviour of HVOF-Sprayed NiAl Composite Coating. Lec-
ture Notes in Mechanical Engineering, 623-629. doi: https://
doi.org/10.1007/978-981-16-9057-0_68

Starosta, R. (2009). Properties of Thermal Spraying Ni-Al Al-
loy Coatings. Advances in Materials Sciences, 9 (1). doi: https://
doi.org/10.2478 /v10077-009-0004-2

Hawk, J. A., Alman, D. E. (1997). Abrasive wear of intermetallic-based
alloys and composites. Materials Science and Engineering: A, 239-240,
899-906. doi: https://doi.org/10.1016,/50921-5093(97)00681-3
Melnik, O. B., Smirnov, I. V., Labunets, V. F, Chorniy, A. V. (2020).
Research of wear resistance of plasma coatings in the conditions of
abrasive wear. Problems of Friction and Wear, 3 (88), 126—131. doi:
https://doi.org/10.18372,/0370-2197.3(88).14928

Ghosh, G., Korniyenko, K., Velikanova, T., Sidorko, V. (2008). Alu-
minium — Chromium — Iron. Landolt-Bérnstein - Group IV Physical
Chemistry, 44—87. doi: https://doi.org/10.1007 /978-3-540-69761-9_5
Thiem, P. G., Chornyi, A., Smirnov, 1. V., Kriiger, M. (2017). Com-
parison of microstructure and adhesion strength of plasma, flame and
high velocity oxy-fuel sprayed coatings from an iron aluminide pow-
der. Surface and Coatings Technology, 324, 498—508. doi: https://
doi.org/10.1016/j.surfcoat.2017.06.016

Neiser, R. A, Smith, M. E, Dykhuizen, R. C. (1998). Oxidation in
Wire HVOF-Sprayed Steel. Journal of Thermal Spray Technology,
7 (4), 537-545. doi: https://doi.org/10.1361/105996398770350765


https://doi.org/10.1002/9780470754085
https://doi.org/10.1002/9780470754085
https://doi.org/10.15407/mfint.42.06.0797
https://doi.org/10.15407/mfint.42.06.0797
https://doi.org/10.1016/j.surfcoat.2006.04.050
https://doi.org/10.1007/978-3-031-16651-8_49
https://doi.org/10.1007/978-3-031-16651-8_49
https://doi.org/10.3390/coatings9090552
https://doi.org/10.1016/j.jmrt.2013.03.013
https://doi.org/10.3390/coatings13071260
https://doi.org/10.3390/coatings13071260
https://doi.org/10.31648/ts.7129
https://doi.org/10.1016/j.intermet.2010.01.015
https://doi.org/10.1016/j.intermet.2010.01.015
https://doi.org/10.1016/j.apt.2021.04.032
https://doi.org/10.1007/978-981-16-9057-0_68
https://doi.org/10.1007/978-981-16-9057-0_68
https://doi.org/10.2478/v10077-009-0004-2
https://doi.org/10.2478/v10077-009-0004-2
https://doi.org/10.1016/s0921-5093(97)00681-3
https://doi.org/10.18372/0370-2197.3(88).14928
https://doi.org/10.1007/978-3-540-69761-9_5
https://doi.org/10.1016/j.surfcoat.2017.06.016
https://doi.org/10.1016/j.surfcoat.2017.06.016
https://doi.org/10.1361/105996398770350765
https://doi.org/10.1016/j.surfcoat.2020.125431
https://doi.org/10.1016/j.surfcoat.2020.125431
https://doi.org/10.1016/j.mseb.2019.02.002
https://doi.org/10.1007/s11106-020-00173-2
https://doi.org/10.1007/bf02209316
https://doi.org/10.1016/j.ultsonch.2019.104760
https://doi.org/10.3390/ma15186329

DOI: 10.15587,/1729-4061.2023.285699
WEAR-FRICTION PROPERTIES OF FRICTION PAIRS
IN DISC-PAD BRAKES (p. 56-61)

Myroslav Kindrachuk
National Aviation University, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-0529-2466

Dmytro Volchenko

Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, Ukraine

ORCID: https://orcid.org/0000-0002-1565-749X

Nataliia Fidrovska

Kharkiv National Automobile and Highway University,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0002-5248-273X

Oleksandr Dukhota
National Aviation University, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0001-8091-1717

Dmytro Zhuravlev

Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, Ukraine

ORCID: https://orcid.org/0000-0002-2045-963 1

Mykola Ostashuk
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-5816-6818

Yurii Porokhovskyi
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-3616-2795

Volodymyr Kharchenko
National Aviation University, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0001-6383-5337

This paper reports data on the dynamic coefficient of friction
and wear of materials of different types of friction pads and brake
discs obtained from experimental research during braking under
bench conditions. It was established that on the basis of the chemi-
cal composition of the materials of the friction pads with codes,
in the temperature range of 100—-450 °C with a step of 50 °C, the
ratio of the maximum to the minimum wear of the disc varies from
6.0 to 10.0. The value of the disc wear ratio at 800 and 1000 brak-
ings, respectively, in the temperature range of 100-250 °C and
100-450 °C was 7.6 and 14.0. This indicates that for pad materials
of type A, B, C, and D under the second thermal regime, the linear
wear of the working surfaces of the discs is greater than under the
first thermal regime. And for the pad materials of type E and F, the
wear of the discs was the same. This indicates that the use of tradi-
tional pads is characterized by a higher thermal tension of the disc
brake friction pair; the absolute temperature values are in the unfa-
vorable zone of 400—-700 °C. That, in turn, could lead to both phase
changes and thermal fatigue aging of materials and, as a result, to

the deterioration of their tribological and thermophysical charac-
teristics in operation. Thus, the implementation of the method of
selecting pad components could improve the performance of disc
brake devices of cars.

Keywords: disc-pad brake, friction pair, wear and tear, codes
of friction materials.
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AHAJII3 CTIMKOCTI TTBPHIHOTO KOMIIO3UTHOTO KEPAMIYHOTO IIOKPUTTSI HA OCHOBI
KAJIIMAHTAHCBKOTO IIMPKOHY /IO TEILZIOBOTO VIAPY TA 3ABPY/ITHEHHS B YMOBAX KOTJIA
(c.6-17)

Yulinda Lestari, Anne Zulfia, Muhammad Ardin, Septian Adi Chandra, Fauzi Widyawati, Efendi Mabruri

Kotau enexkTpocTaHIiiii mpamiooTh IPU BiJHOCHO BUCOKUX TeMIlepaTypax i Tucky. OCKibKI BOHU CXWUJIbHI 10 PYWHYBAHHS MaTepi-
asry, 3a0pyIHeHHsI Ta YTBOPEHHs HAKUITY, BUKOPUCTOBYBaHi MaTepiajn MOBUHHI MaTH XOPOIIY TePMiuHy Ta XiMiuHy cTiiikicTsb. MaTepian
MOKPUTTSI € OMHKUM 3 PIillleHb iCHYIOUUX MPOOJIEM Y KOTJIaX. Y JOCHIKEHH] B IKOCTI OCHOBHOTO MaTepiasly TIOKPUTTSI BAKOPUCTOBYBAJIHCS
MicIleBi MiHepasJbHi pecypcH, a caMe KaJliMaHTaHChKII IUPKOHOBUIA TTICOK i IMPKOHIil, OUWIenuii BijJ| MupKkoHieBoro micky. Kpim Toro,
B SIKOCTI OCUJIEHHSI TIOKPUTTSI J0JJAETHCS HATOBHIOBAY, 3aB/SIKHM YOMY TOJIIIIYIOTHCS BAACTUBOCTI ITOKPUTTS. SMIHHUMHE Y JaHOMY J10-
CJIJDKEHHI € BapiaHTH MarepialiiB HAlOBHIOBAYIB, 1[0 BOJO/IIOTH 3MallyBaJIbHUMK BaacTUBOCTsIMU, Taki sk hBN, MoS,, rpadit i cymim
TPbOX HANOBHIOBaYiB (ribpuaHuit). BukopucroByBaHuii MeTOJl HAHECEHHS TIOKPUTTS MOJIATA€ Y POIMUJICHHI CyCHEeHsil 3 MofaIbuIuM
crikaumsam npu Temieparypi 600 °C. OcCHOBHUMY NPOBEAEHUMU BUIIPOOYBAHHIMU ITapaMeTPiB HOKPUTTsE OYJIH CTIHKICTD 0 TENI0BOTO
yaapy i 3a6pyaHeHHs. 3a pe3yJbraTaMil IOCHiKeHb OYI0 BCTAHOBJIEHO, IO OYNIIEHHS IIMPKOHOBOTO MICKY MPU3BEJNO 0 30iTbIIeHHS
BMIiCTY IIUPKOHIiO 3 59 % 10 68 %. 3a pe3ysnbraraMu BUNIPOOYBaHb Ha CTIHKICTD /[0 TETIOBOTO yIapy i 3a6pyAHeHHs 6YJI0 BCTAHOBJIEHO,
1110 TIOKPUTTS 3 OUMIIEHUM IIUPKOHOM Ma€ Kpaily TepMOCTIHKICTh, B TOH 4ac K CTIHKiCTh 10 3a0pyAHEHHS iCTOTHO He Bifpi3HAETHCS
Bijl HEOUHIIIEHOTO IUPKOHOBOTO TicKY. TakiM YnHOM, HEOOXiTHO PO3POOUTH CIIOCIO OUYMIEHHS IIUPKOHY JIJIsl OTPUMAHHST GiIbII BHCO-
koro Bmicty ZrOs. II1o cTocyeThest pisHOBU/IIB HATIOBHIOBAYa, TO MOPUAHUN HAIOBHIOBAY 3a6e3Ieuye MOKPUTTS 3 KPAIoIo CTIKICTIO 10
TEIIOBOTO yapy i 3a0pyAHEHHS, 0 [03BOJISIE BUKOPUCTOBYBATH HOTO /ISl ONITUMI3aIlii KepaMiyHUX KOMITO3UTHUX MOKPHUTTIB.

Kmio4oBi cioBa: kepamidHe TOKPUTTSI 3 IUPKOHY, KepaMiuHe MOKPUTTS 3 OUUIIEHOTO [UPKOHY, MACTHJIO, PO3IMJIEHHS CYCIeHsii,
TEeNJIOBUI yaap, CTiHKICTh 0 3a0pyAHEHHS.
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BHUKOPHUCTAHHSA MIKPOKPEMHE3EMY JIJIS1 IOKPAIIEHHA ®I3UKO-MEXAHIYHUX BJIACTUBOCTE
KOMIIO3UTHOI'O MATEPIAJIY HA OCHOBI EIIOKCUAY (c. 18-25)

Gulnara Kokayeva, Rimma Niyazbekova, Mira Serekpayeva, Ainur Ibzhanova, Amirbek Bekeshev

Vruizailis IpOMECIOBUX BiZIXOAIB Ta BTOPUHHOT CUPOBUHM, 30KPeMa, Y BUPOOHUIITBI METaJIeBOr0 KPEMHIIO Ta KpeMHIiBMICHUX CILjIa-
BiB, /10 CKJIQJLY SIKMX BXOJSTD [Iapu KpeMHe3eMy (MiKpOKpeMHe3eMy ), € OCHOBHUM 3aB/IaHHIM peasiisaltii eKoJoriuHoi MoJiTHKY Ta BUPIIIy€e
npobJieMy ix 36epiraHHs Ta HEraTUBHOTO BILIMBY HA HABKOJIUIITHE CEPEIOBHUIIE IS {06 TOBTOPHO BUKOPUCTOBYBATH iX Y TTOJIMEPHUX KOM-
noaurax. Bukopucranis MikpokpeMHe3eMy sIK HAIIOBHIOBAYA B KOMIIO3MIIHHIX MaTepiajax Ha OCHOBI €IIOKCH/HUX CMOJI CIIPUSIE TO3UTHB-
HOMY BILIUBY HA OCHOBHi BJIACTMBOCTI CMOJIH, & TAKOXK JJA€ MOKJIMBICTh BUKOPUCTOBYBATH KOMITO3UIIMHUIT MAaTEPiaJl B SIKOCTi IIOKPUTTIB i
JeTasieil Ipu peMOHTI ManiuH i obsagHanHsa. MeTowo po60oTu 6yJI0 BCTAHOBJIEHHS TIO3UTHBHOTO BILIUBY MiKDOKPEMHE3EMY sIK HAIIOBHIOBAYa
KOMITO3UIIIMHUX MaTepiayiiB Ha ocHOBI emokcuanoi cmoau EJ[-20 na nokpamientst ¢isnKo-MeXaHiYHUX BJIACTUBOCTEN KOMITO3UIIITHUX
Mmarepianis. B pamkax ganoi po6otu Oy/iu npoBeaeHi A0CaiKeHHs KOMIO3UIIIHNX MaTepianiB Ha ocHOBI enokcuanoi cmosn E/I-20, o
BiZIPI3HSIOTBCS Pi3HIM BMicTOM HanoBHIoBava 2, 5, 10, 15 Mac. % Ha yzapHy B's3KiCTb, MillHICTb HA PO3PHB i MOJLYJIb IIPY’KHOCTI, a/iresiio i
yJapHy B’SI3KiCTb MOKPUTTSI.

AHasliz OTpUMAHKMX Pe3yJIbTaTiB MOKa3aB IMO3UTUBHUI BIJIMB MiKPOKPEMHe3eMy sIK HAIOBHIOBAYa B KOMIO3MIIHHUX MaTepiajax
Ha ocHoBi enokcuanoi cmosu EJ/[-20 na disuko-mMexaHiyHi BJACTUBOCTI KOMIO3UIIITHOTO MaTepiany. Busnayeno ontumaibHuil BMicT
HaIlOBHIOBAYa, sIKUH cTaHOBUTH 2 % Big Macu enokcuanoi cvosnn EJI-20, npu 1ipomy 36ijbluerns aaresii, B’ I3KOCTI KOMIO3UIIITHOTO
marepiany Ha 45 %, MinHoCTi Ha po3puB i MojyJist npysxkuocti Ha 21 % i 5 %, BiamosiaHo, a MiltHicTh TOKPUTTS Ha yaap Ha 32 % Hopis-
HSHO 3 1o/1IaBaHHsIM MikpokpemHue3deMy B EJ[-20, 1110 ¢BiuuTh PO NEPCIeKTUBHICTh BUKOPUCTAHHS MiKPOKPEMHE3EMY sIK HAIIOBHIOBAYA
B KOMITO3UIIITHUX MaTepiaax.

Ki040Bi c10Ba: Ha1OBHIOBAY, MiKPOKPEMHE3EM, EIIOKCH/IHA CMOJIA, KOMIO3UIIHHUIT MaTepial, yiapHa B’ s13KiCTb, MOJLYJIb IIPYKHOC-
Ti IPU PO3TATYBAHHI.
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IIEHTU®IKAIIS 3MIHU XIMIYHOTO CKJIAJZLY B IIPOIIECI HABVIJIELIIOBAHHS BYTJIEIIEBOI CTAJII
IIIJI PO3TSITOM (c. 26-36)

Nitha, Lukmanal Hakim Arma, Onny S. Sutresman, Ahmad Yusran Aminy
Hasyr/iemoBants — 1le MMPOKO BUKOPUCTOBYBAaHMII METOJ, IKHIl BUKOPHCTOBYEThCS /IS MOKPAIIEHHs] XapaKTePUCTUK IIOBEPXHi

BYTJIELleBOI cTaJli, 30KpeMa 1i TBepJIOCTi Ta 3JJaTHOCTI IPOTUCTOSATH 3HOIIEHHI0. BBejileHHa HanpyTu 1ij| yac mpoiiecy leMeHTallii 10/1ae
CKJIQJIHOCTI, SKi BIJIMBAIOTHh HA PO3IOJLJI eJleMeHTiB y MaTepiasi. MeTojoioriga qocaiixkeHHS BKIIIOYAE 11i/I/JaBaHHS 3pa3KiB BYIJelneBoi



cTaJii TeMIiepaTypaM IleMeHTaIlii Ta 3aCTOCYBAaHHs HANPYTU po3TaryBanus. leil miaxin m03BoJIsie anami3yBaTy BIJINB HABYTJIEI[IOBAHHS
Ta HaBaHTa)KEHHS Ha 3pas3ky Byriyenesoi crayi. Jociipkents 6y10 30CepesKeHo Ha aHasi3i BAKOPUCTAHHs TEXHOJOTIT HaKeTHOTO 1ie-
MEHTYBaHHsI TIPU HUKYUX TeMilepaTypax, 3okpema 700 °C i 750 °C, oHOYACHO 3aCTOCOBYIOYHM HANPYTH PO3TSATYBAHHS IPOIOPIITHOT
Hanpyru. JlocaijzKeHHs: cupsMoBaHe Ha MPOBEAEHHs BCeOIYHOTO aHali3y 3MiH XiMIYHOIrO CKJaiy 10 BCbOMY MONEPEYHOMY IHepepisy
marepiaiy. [lepeoBi anasiTuuHi METOIM BUKOHYIOTHh KAPTYBAHHS TA AHAJI3 €JIEeMEHTHOTO CIEKTPY, TAKi SIK CKaHyIoua eJIeKTPOHHA MiKPO-
CKOTIisT i eHeproaucmepciiina crmexrpockoris. Lli MeToau 103BOJMSIOTh PETENBHO JOCJIIKYBATH PO3TOMIIN i CKIA/] TAKUX €JeMEHTIB, K
BYTJIEIlb, 3aJ1i30, KpeMHill, Maruiit i docdop. 3rigHo 3 pedyabraTaMu JOCTIXKEHHs, BYTJIEIEB] eJIeMeHTH J0aBaJUCs B Aiala3oHi TeM-
neparyp Bix 700 °C mxo 750 °C mix yac mporecy HaByTJIeloBanHsa. Bmict Byrieiio B Marepiasi 36iapmmusces 3 0,15 % y HeobpobieHomy
crani 10 0,73 % npu remneparypi 700 °C, 3 noganpinm 36iabuiennsam 10 1,26 % npu remneparypi 750 °C. BianosigHo 10 goc/iiKeH s
6yJI0 BUSIBIIEHO, 1[0 3aCTOCYBAHHS PO3TATYIOUNX HABAHTAXKEHD | 3HIKEHHST TEMIIEPATYPH HABYTJIEIMIOBAHHS MOKYTH IOKPAIIUTH MPO-
1ec HaBYTJIEI[IOBAHHS Ta TIPU3BECTH /IO IiIBUIEHHS BMIicTy ByTJereBoi ctami. [le Moke mpuaBecT 10 eKOHOMIi KOMITIB i TiABUNIEHHS
3arasbHOi eeKTUBHOCTI BUPOOHUIITBA.
KmouoBi cioBa: ByTJierieBa cTajb, HABAHTAKYBAJIBHUN PO3TSIT, IleMEHTAIlisl, XiMiYHUI CKJIa/, CKAaHYI0Ya eJIeKTPOHHA MiKPOCKOITis.
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BU3HAUYEHHS BINIUBY NEPEXOJIHUX TEPMIYHUX OBPOBOK HA MIHIMI3YBAHHS IUCTOPIIIT TA
MOKPAIIIEHHA BTOMHOI MOBEJITHKU CTAJIEBOTO 3BAPIOBAHHS (c. 37-46)

Heri Wibowo, Fredy Surahmanto, M. Noer Ilman

3aBIsKKN eKOHOMIYHIN e)eKTUBHOCTI 3BAPIOBAJIBLHIX PEMOHTIB IMOYAJIHN 3ACTOCOBYBATH repexinie Tepmiune Hatsarysanns (IITH),
o6 MinimMizyBaTH gedopMariiio Ta 3aUIKOBI HAMPYTH, 0COOJNBO HA TOHKUX TiacTiHaX. OHAK 1[e BUMAra€ TPUBAJIOTO MOMEPEIHBOTO
HarpiBY, 0COOIUBO JIJIST BETUKUX KOHCTPYKILiif, TOMY e(eKTUBHICTD TIPOIECY 3BAPIOBAHHS He MOXKe OYTH MaKCUMAJIbHO MOCSITHYTa. 3a-
crocyBanns 06pobku [ITH 3 BukopucranusimM moaym ssioro narpisada npu o6po6ii IITH, mo we norpedye nomnepeanboro HarpiBamus,
mo6 MoxkHa OyJ0 MiABMIIMTH epeKTUBHICTh 3BapioBants. Iligi HbOro KocHifzKeHHs TMoJsTaloTh y Aocipkenni o6podbku IITH mis
3MEHIIEeHHsI BUKPUBJIEHHS, JOCipKerHi BBy o6po6ku IITH na Mirmicts i TBepAicTh Ha PO3PUB, AOCIIKEHH] MIKPOCTPYKTYpH Ta ii
BIJIMBY Ha MIIlHICTh Ha PO3TAT i TBEPAiCTD, AoCipKen i BBy 06po6ku [ITH Ha mBuaKicTh pocTy BTOMHOI TPilliHu. Y bOMY A0CJIi-
mokerti 06po6ky ITTH mpoBoann MIsIXoM HarpiBaHHs ToJyM M 3 060X GOKIB JiHii 3BapioBaHis, IHTErPOBAaHOI B IPOIEC 3BaPIOBAHHS.
Temmeparypy B 060X GiYHUX TIACTHHAX KOHTPOJIOBAIM Ta BUMIPIOBAIU 3a IOTOMOroI0 Tepmomnapu. Byiu mposeneni BUmpoOyBanHs
3BapHUX 3’€/[HaHb, BKIIOYAIOUN BUMIipIOBaHHs aedopMaltii, Z0CIiHKeHHS MIKPOCTPYKTYPH, BUMIPIOBAHHS TBEPAOCTI, BUIPOOYBaHHS Ha
po3TATYBaHHA Ta BUIPOOYBaHHA Ha BTOMY. PesynbraTu mmokasas, mo o6pobka IITH (—60) € naileekTUBHINIOO I 3MEHIIEHHST T10-
3I0B’KHBOTO BUKPUBJIEHHS, sSIKe PO3MIIILy€ HArpiBaHHs moaym’s Ha 60 MM 103a1y 3BapioBajJbHOTO MaibHUKa. Ile Mae Tenmenttiio o miz-
BHIIEHHS MIIIHOCTI Ha PO3PUB MeTaJly 3BapHOTO HIBa 3a PaXyHOK 30ijbInerts Horo TBepaocTi. 36ibMieHHsa IPOLEHTHOrO BMicTy (hasu
roJi9acToro MGeputTy JiHiliHO 3aJeKUTD BiJl MiI[HOCTi Ha PO3PUB i TBEPAOCTI 3BAPHOTO 3’ €qHaNHs. BTOMIY MOBeMiHKY MOKHA TTOKPAIUTH
3a gonomoroo 06pobku IITH (—60), ska nos’s3ana 3 eeKTOM 3MEHIIEeHH 3aIUIIKOBOT HAPYTH B 06JacTi MeTary 3BapHoro msa. [s
06pobKa € HallkpaluM TTapaMeTpoM I T ABUIeH s e(heKTUBHOCTI 3BapioBatns MetogoMm [TTH.

KiouoBi cioBa: 06pobka IITH, nedopmartist, BroMmua moBeinka, HoJayM ssHiil HArpiB, e(heKTUBHICTD 3BapIOBaHHs, POIEC 3BapIo-
BaIHs, CTaJIb 3Bapeta, TOHKI MJIACTUHHU, MIKPOCTPYKTYPa, MIillHICTh Ha PO3PUB.
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IHOPIBHAHHA XIMIYHOTI'O CKRJIAZLY TA 3HOCY IIOKPUTTIB 3 ATIOMIHI/ZIIB 3AJII3A TA HIKEJIIO,
OTPUMAHUX ITJIASMOBUM HAITNJIEHHAM (c. 47-53)

I. B. CmupHoB, A. B. Yopwunii, B. B. JIucak, M. A. [Toxaros, 1. A. CexiBepcros, K. A. Ilapmenko

Amominian 3ami3a Ta HiKeJIO 3aBASKNA TAKUM BJIACTUBOCTIM SIK 3HOCOCTIUKICTh, KOPO3iliHA CTIHKICTh, JKAPOMIITHICTh, KOHTAKTHA Ta
[UKJTIYHA MIIHICT MOXKYTh OYTU BUKOPUCTaHI K TOKPUTTS y Mapax TepTsi PisHOMaHITHOTO mpusHayeHHs. O6'€KTOM HOCTiIZKEHHS €
MpoIleC OTPUMAHHS Ia3MOBO-HANUJIEHUX MOKPUTTIB i3 IOPONIKIB HA OCHOBI aJIOMiHizZIB 3asiza Ta Hikemio [TpobeMoio KoCaiiKeHDb €
BU3HAYEHHS Ta MOPIBHAHHS CTPYKTYPHU, XiMIiUHOTO CKJIAZY Ta 3HOCOCTIHKOCTI MOKPUTTIB i3 MOPOIIKIB iHTEPMETAI/IiB aTIOMiHiy 3aii3a
Ta AJTIOMIHIY HIKeJ0, OTPUMAHUX METOJOM aTMOC(EPHOTO IJIa3MOBOTO HanuieHHs. /U1 3MEHIIEeHHSI OKUCHEHHS IOPOIIKIB IIiJ Yac
HaNUJIeHHs OyJIM CTBOPEHI YMOBHU TeHepallii JaMiHapHOTO IJIa3MOBOTO CTPyMeHst. Taki yMOBU 3a6e3IeuyBajiu CIeliagbHO po3pobiieHa
KOHCTPYKILisI €J€KTPOLYTOBOrO MIA3MOTPOHA 1 PEKMMHI MapaMeTpy HAIIUJIEHHS TIOKPUTTIB. BHACHIOK MPAaBUILHOTO BUGOPY PEKIMIB
HaIlMJIEHHS YTBOPIOBAJINCDH MOBHICTIO PO3IIABJIEH] CILIETH IIijl 4ac 3iTKHEHHS YaCTHHOK IIOPOIIKY 3 MoBepxHI0. OTpUMaHi MOKPUTTS
MaJIi MapyBaTy MiKPOCTPYKTYPY 3 MIKPOTpillMHAMU Ta BijmapyBauHsMu. [lopucTicTh Ta 0COOIUBOCTI BiAIIapyBaHHsS TTOKPUTTIB 3a-
JIeKATh SIK Bijl PEXKUMIB, TaK i TeXHOJIOTII HanaeHHs. [IpoBeneni Tpibosoriuni BUIPOOYBaHHSsI TIOKPUTTIB B YMOBAaX CYyXOTrO TEPTS KOB-
3aHHS MeTaJsl 110 MeTaJly B Iapi 3i MBUAKOPi3aIbHOIO cTaso. [TokasaHno, 1110 3HOIIEHHS MOKPUTTIB 3 aJIOMiHi/ly HIKeJ0 B JaHUX YMOBaX
HUIKYeE, HIXK Y MOKPUTTIB 3 amoMiHiny 3amisa B 2—2,5 pasu. KoedilieHT TepTst MOKPUTTIB 3 aJlOMiHify 3aji3a HE3HAYHO HUXKYE HIK Y
MOKPUTTIB 3 amoMinigy Hikesio. 3uomenns 3pas3kiB 3i crami 30XIT'CA nepeBuirye 3pasku 3 MOKPUTTSAMEU B 3—4 pasu. BigMinuicTs y
3HOUIEHH] MOKPUTTIB MOSCHIOETHCSI GiIbIII IHTEHCMBHUM OKUCHEHHSIM allOMiHILy 3aii3a B mpoieci TepTsi. 3p06JIeH0 BUCHOBKU CTOCOBHO
MOJKJIMBOCTI BUKOPUCTAHHS JOCIIPKEHUX TOKPUTTIB B PI3HOMaHITHUX [apax TEPTs eJIEMEHTIB KOHCTPYKIIii, 30KpeMa B aBTOMOOIbHI
IIPOMUCIIOBOCTI.

KiouoBi cioBa: anoMinij 3a5i3a, aqioMiHi/ HiKeI0, TI1a3MOBe HANTMJIEHHS TIOKPUTTIB, CyXe TepTs.
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3HOCO-®PUKIIIAHI BIACTUBOCTI ITAP TEPTS JINCKOBO-KOJIO/IKOBOI'O TAJIBMA (c. 56-61)

M. B. Kiugpauyxk, /. O. Borsuenko, H. M. @iaposcska, O. I. lyxora, /1. 0. JKypasasos, M. M. Ocramyk, 0. B. IlopoxoBcbkwi,
B. B. Xapuenko

[IpoBeeHnME eKCIIEPUMEHTATBHUME JOCII/KEHHSIMU [IPU IaJbMyBaHHAX B CTEHJ0OBUX YMOBAX OTPUMAHO JIaHi MO0 AMHAMIYHO-
ro koedilienTa TepTs Ta 3HOCY MaTepiaiiB Pi3HUX TUIIB (QPUKIHNHUX HAKJIAIOK i raTbMiBHUX AMCKiB. Beranmosieno, mo Ha migctasi
XiMiuHOTO CKJIaMy MarepianiB HPUKIIIHHIX HAKIAIOK, sKi MaooTh mudpu, B intepsaii Temieparyp 100-450 °C 3 kpokom B 50 °C Bin-
HOIIEHHSI MAKCUMAJIBHOTO [0 MiHIMAJIBHOTO 3HOCY J¥cKa KoauBaeThes Bif 6,0 mo 10,0. Bermunna cniBBigHOMEHHsT 3HOCY TUCKIB TIPH
800 i 1000 rambmyBaHHsX, BignosigaHo, B intepsaii remmeparyp 100-250 °C i 100-450 °C cranosusa 7,6 i 14,0. Ile cBiguuts, 110 must
Mmatepianis wHakianok Tuny A, B, C i D npu apyromy TerioBoMy peskuMi JiHiiHUNA 3HOC POOOYNX NOBEPXOHb AMCKIB, GiIbIIMIL, HikK
[PU MEPIIOMY TeIJIOBOMY pesknMi. A i marepianis Hakaanok Tuny E i F 3Hoc auckiB 6yB oiHaKOBUM. A 11€ CBiMUTH 1IPO Te, 110 3a-
CTOCYBaHHSI TPAAUIIIHIX HAKIAZOK XapaKTePU3YETHCS GibIIOI0 TEPMOHANPYKEHICTIO Mapu (GPUKIHITHOTO TEPTs AUCKOBOTO TaibMa,
npuyoMy abCcoOTHI 3HAYEHHS TeMIIepaTyp 3HAXOAAThC B HecnpuaTausiii 3oui 400—-700 °C. Ile, B ¢BOIO 4epry, MOKe IPU3BECTHU SIK 10
(hasoBUX 3MiH, TaK i TEPMOYTOMJIEHOTO CTAPiHHS MaTepiasiB i, y KiHIIEBOMY pe3yJibTati, 10 HOTipiieHHs iX TpuOOJIOriYHuX Ta Terniodi-
3MYHUX XaPAKTEPHUCTHUK B eKCIuTyaTarlii. TAKHUM YMHOM BIIPOBAJKEHHS] METOLY BUOGOPY KOMIIOHEHTIB HAKJIA[OK J03BOJHUTH TIOKPAIHTH
eKcIuTyaTaliiiii MoKasHiuKU JUCKOBUX IaJbMiBHUX HPUCTPOIiB aBTOMOOLIIB.

KiouoBi cioBa: 11CKOBO-KOJIOAKOBE TAJIbMO, ITapa TePTs, 3HOC 1 3HOITYBaHH, IU(GPU DPUKITIITHIX MaTepiaiB.



