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Technological progress demands the development of materials
that have special characteristics such as high strength, stiffness,
light weight, and good thermal conductivity at a low price. The
development of hybrid metal matrix composites is the most im-
portant field in advanced materials science engineering.

This research determines about aluminum matrix compos-
ites (AMC) reinforced with alumina (Al,O3), Silicon carbide
whisker (SiCw), and magnesium (Mg) addition. The matrix is
made of 90 % pure aluminum powder, and commercially available
reinforcing materials include Al,O3, SiCw, and Mg. Objectives
include variation of reinforcement fraction and matrix, sintering
holding temperature and time. The selection of the sample mak-
ing process using powder technology followed by the sintering
process at different temperatures namely 350, 450 and 550 °C
with variations in holding time of 1, 2 and 3 hours. The purpose
of this study was to determine the effect of variations in the frac-
tion of reinforcement and sintering treatment on the properties of
wear resistance, hardness and thermal conductivity of aluminum
matrix composites.

The results showed that the composition ratio of rein-
forcement to aluminum in sintering treatment significantly
affected the mechanical properties. The wear resistance of the
material shows excellent performance, namely wear resistance
of 0.000065 gr/s, hardness of 45.234 VHN and thermal conductiv-
ity of 184.855 Watt/m °C, at a reinforcement composition com-
bination of 10 %AL;03, 10 %SiCw and 20 %Mg and a sintering
temperature of 550 °C. This indicates that the Aluminum matrix
composite reinforced with Al,O3,(SiCw/Mg) is able to support
the friction load due to its low wear rate, good hardness, and good
thermal conductivity. This material is very suitable to be used as
tribology material, brake element, especially brake drum.

Keywords: aluminum hybrid composite, powder metallurgy
hybrid Al,O3, SiCw/Mg, thermal conductivity, wear resistance.

References

1. Gu, H,, Liu, C, Zhu, J., Gu, J., Wujcik, E. K., Shao, L. et al.
(2017). Introducing advanced composites and hybrid materials.
Advanced Composites and Hybrid Materials, 1 (1), 1-5. https://
doi.org/10.1007 /s42114-017-0017-y

10.

11.

12.

13.

14.

. Jayakrishnan, S., Ragul, G. (2016). Effect of Mechanical Proper-

ties of Composite Material Under The Influence of Different
Commercial Oils. IJIRT, 2 (8), 60—66. Available at: https://www.
researchgate.net/publication/323135098 EFFECT_OF_ME-
CHANICAL PROPERTIES OF COMPOSITE MATERIAL
UNDER_THE_INFLUENCE_OF DIFFERENT COMMER-
CIAL_OILS

. Koli, D. K., Agnihotri, G., Purohit, R. (2015). Advanced Aluminium

Matrix Composites: The Critical Need of Automotive and Aero-
space Engineering Fields. Materials Today: Proceedings, 2 (4-5),
3032-3041. https://doi.org/10.1016 /j.matpr.2015.07.290

. Chintada, S., Dora, S. P, Kare, D. (2021). Mechanical Behavior and

Metallographic Characterization of Microwave Sintered Al/SiC
Composite Materials — an Experimental Approach. Silicon, 14 (12),
7341-7352. https://doi.org/10.1007 /s12633-021-01409-5

. Kanth, U. R.,, Rao, P. S., Krishna, M. G. (2019). Mechanical

behaviour of fly ash/SiC particles reinforced Al-Zn alloy-based
metal matrix composites fabricated by stir casting method. Journal
of Materials Research and Technology, 8 (1), 737-744. https://
doi.org/10.1016/j.jmrt.2018.06.003

. Bharathi, P, Kumar, T. S. (2023). Mechanical Characteristics and

Wear Behaviour of Al/SiC and Al/SiC/B4C Hybrid Metal Matrix
Composites Fabricated Through Powder Metallurgy Route. Silicon,
15 (10), 4259-4275. https://doi.org/10.1007 /512633-023-02347-0

. Sarvani, R. K., Mohinoddin, M., Ramakrishna, L. S. (2024). Char-

acterization and Mechanical Testing of Hybrid Metal Composites of
Aluminium Alloy (A356,/1L.M25) Reinforced by Micro-Sized Ceram-
ic Particles. Journal of The Institution of Engineers (India): Series C,
105 (3), 457-470. https://doi.org/10.1007 /s40032-024-01064-w

. Vencl, A, Bobic, I., Arostegui, S., Bobic, B., Marinkovi¢, A., Babi¢, M.

(2010). Structural, mechanical and tribological properties of A356
aluminium alloy reinforced with A1203, SiC and SiC+graphite par-
ticles. Journal of Alloys and Compounds, 506 (2), 631-639. https://
doi.org/10.1016/j.jallcom.2010.07.028

. Chechi, P, Maurya, S. K., Prasad, R., Manna, A. (2023). Influence

on Microstructural and Mechanical Properties of Al,O3/Graphite/
Flyash-Reinforced Hybrid Composite Using Scrap Aluminum Alloy.
International Journal of Metalcasting, 18 (2), 975-986. https://
doi.org/10.1007 /s40962-023-01069-8

Srivastava, S., Sarangi, S. K., Singh, S. P. (2024). Water Absorptivity
and Porosity Investigation of Nano Bio-silica, Hemp, and Bamboo
Fibre-reinforced Chitosan Bio-composite Material. Silicon, 16 (11),
4723-4728. https://doi.org/10.1007 /s12633-024-03027-3

Standard Test Method for Thermal Conductivity of Solids by Means
of the Guarded-Comparative-Longitudinal Heat Flow Technique.
ASTM International.

Agus Suryawan, I. G. P, Suardana, N. P. G,, Winaya, [. N. S,,
Suyasa, I. W. B. (2020). A study on correlation between hardness and
thermal conductivity of polymer composites reinforced with stinging
nettle fiber. International Journal of Civil Engineering and Technol-
ogy (IJCIET), 11 (1). https://doi.org/10.34218 jciet.11.1.2020.010
Vishwakarma, R. K., Pal, S. K., Chakladar, N. D. (2024). Effect of Car-
bon Fibre Reinforcement on an Aluminium Metal Matrix Composite
Joint Through Upward Friction Stir Processing. Metals and Materials
International. https://doi.org/10.1007 /s12540-024-01690-0
Chakrapani, P, Suryakumari, T. S. A. (2021). Mechanical prop-
erties of aluminium metal matrix composites-A review. Materi-
als Today: Proceedings, 45, 5960—5964. https://doi.org/10.1016/
j.matpr.2020.09.247


https://www.researchgate.net/publication/323135098_EFFECT_OF_MECHANICAL_PROPERTIES_OF_COMPOSITE_MATERIAL_UNDER_THE_INFLUENCE_OF_DIFFERENT_COMMERCIAL_OILS
https://www.researchgate.net/publication/323135098_EFFECT_OF_MECHANICAL_PROPERTIES_OF_COMPOSITE_MATERIAL_UNDER_THE_INFLUENCE_OF_DIFFERENT_COMMERCIAL_OILS
https://www.researchgate.net/publication/323135098_EFFECT_OF_MECHANICAL_PROPERTIES_OF_COMPOSITE_MATERIAL_UNDER_THE_INFLUENCE_OF_DIFFERENT_COMMERCIAL_OILS
https://www.researchgate.net/publication/323135098_EFFECT_OF_MECHANICAL_PROPERTIES_OF_COMPOSITE_MATERIAL_UNDER_THE_INFLUENCE_OF_DIFFERENT_COMMERCIAL_OILS
https://www.researchgate.net/publication/323135098_EFFECT_OF_MECHANICAL_PROPERTIES_OF_COMPOSITE_MATERIAL_UNDER_THE_INFLUENCE_OF_DIFFERENT_COMMERCIAL_OILS
https://doi.org/10.1016/j.matpr.2015.07.290
https://doi.org/10.1007/s12633-021-01409-5
https://doi.org/10.1016/j.jmrt.2018.06.003
https://doi.org/10.1016/j.jmrt.2018.06.003
https://doi.org/10.1007/s12633-023-02347-0
https://doi.org/10.1007/s40032-024-01064-w
https://doi.org/10.1016/j.jallcom.2010.07.028
https://doi.org/10.1016/j.jallcom.2010.07.028
https://doi.org/10.1007/s40962-023-01069-8
https://doi.org/10.1007/s40962-023-01069-8
https://doi.org/10.1007/s12633-024-03027-3
https://doi.org/10.34218/ijciet.11.1.2020.010
https://doi.org/10.1007/s12540-024-01690-0
https://doi.org/10.1016/j.matpr.2020.09.247
https://doi.org/10.1016/j.matpr.2020.09.247
https://doi.org/10.1007/s42114-017-0017-y
https://doi.org/10.1007/s42114-017-0017-y

15. Surappa, M. K., Prasad, S. V., Rohatgi, P. K. (1982). Wear and abra-
sion of cast Al-Alumina particle composites. Wear, 77 (3), 295-302.
https://doi.org/10.1016,/0043-1648(82)90055-2

16. Manohar, G., Pandey, K. M., Maity, S. R. (2022). Effect of Variations
in Microwave Processing Temperatures on Microstructural and
Mechanical Properties of AA7075/SiC/Graphite Hybrid Compos-
ite Fabricated by Powder Metallurgy Techniques. Silicon, 14 (13),
7831-7847. https://doi.org/10.1007 /512633-021-01554-x

17. Siddesh Kumar, N. M. (2022). Effect on wear property of alu-
minium metal matrix composite reinforced with different solid
lubricants: a review. International Journal of System Assurance
Engineering and Management, 14 (S4), 909-917. https://doi.org/
10.1007/s13198-022-01654-w

18. Mazahery, A., Abdizadeh, H., Baharvandi, H. R. (2009). Develop-
ment of high-performance A356/nano-Al203 composites. Materials
Science and Engineering: A, 518 (1-2), 61-64. https://doi.org/
10.1016/j.msea.2009.04.014

19. Xue, C., Yu, J. K., Zhu, X. M. (2011). Thermal properties of diamond/
SiC/Al composites with high volume fractions. Materials & Design,
32 (8-9),4225-4229. https://doi.org/10.1016/j.matdes.2011.04.032

20. Ashwath, P, Xavior, M. A. (2016). Processing methods and property
evaluation of Al203 and SiC reinforced metal matrix composites
based on aluminium 2xxx alloys. Journal of Materials Research,
31(9), 1201-1219. https://doi.org/10.1557 /jmr.2016.131

21. Suarsana, K., Soenoko, R. (2015). Hardness, Density and Porosity
of Al/(SiCw+Al,O3p) Composite by Powder Metallurgy Process
without and with Sintering. Applied Mechanics and Materials, 776,
246-252.https://doi.org/10.4028 /www.scientific.net/amm.776.246

22. Chak, V., Chattopadhyay, H., Dora, T. L. (2020). A review on
fabrication methods, reinforcements and mechanical properties of
aluminum matrix composites. Journal of Manufacturing Processes,
56, 1059—1074. https://doi.org/10.1016 /j.jmapro.2020.05.042

23. Singh, N. K., Sethuraman, B. (2023). Development and Characteriza-
tion of Aluminium AA7075 Hybrid Composite Foams (AHCFs) Us-
ing SiC and TiB, Reinforcement. International Journal of Metalcast-
ing, 18 (1), 212-227. https://doi.org/10.1007 /s40962-023-01009-6

24. Corrochano, J., Cerecedo, C., Valcarcel, V., Lieblich, M., Guitian, F.
(2008). Whiskers of Al,O3 as reinforcement of a powder metallurgi-
cal 6061 aluminium matrix composite. Materials Letters, 62 (1),
103—-105. https://doi.org/10.1016/j.matlet.2007.04.080

25. Lakra, S., Bandyopadhyay, T. K., Das, S., Das, K. (2021). Thermal
conductivity of in-situ dual matrix aluminum composites with
segregated morphology. Materials Research Bulletin, 144, 111515.
https://doi.org/10.1016 /j.materresbull.2021.111515

DOL: 10.15587,/1729-4061.2024.310143

INFLUENCE OF HEAT TREATMENT ON THE
STRUCTURE AND MECHANICAL PROPERTIES OF
PSEUDO o¢-TITANIUM ALLOY IN A WELDED JOINT
(p. 15-25)

Valerii Bilous

E. O. Paton Electric Welding Institute

of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-0082-8030

Eduard Vrzhyzhevskyi

E. O. Paton Electric Welding Institute

of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0001-8651-8510

Valery Kostin

E. O. Paton Electric Welding Institute

of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-2677-4667

Tatjana Taranova

E. O. Paton Electric Welding Institute

of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-4723-9866

Volodymyr Zvorykin
TECHNOL LLC, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-2617-7731

Constantine Zvorykin

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-7437-6583

The object of this study was the weld material of a new
Ti-6.1A1-6.0Zr-6.3Sn-3.2Mo-1.1Nb-1.2Si alloy, which was ob-
tained by electron beam welding.

Electron beam welding (EBW) provides rapid melting and
cooling with crystallization under significant temperature gradi-
ents. For the pseudo a-titanium alloy, this leads to the appearance
of significant residual stresses in the joint and determines the
specificity of the dispersion decay of the -phase. Residual stresses
are reduced by preliminary heating, removed by heat treatment.
Such processing exerts a critical influence on the formation of
the structure and phase composition of the weld and the zone of
thermal influence of the electron beam; it can form macro defects,
undesirable phases, and structural states.

The conditions of heat treatment have been determined to
bring the welded joint from complex alloyed pseudo a-titanium
alloy to the required level of mechanical characteristics. The
structure, phase morphology, elemental composition, and me-
chanical characteristics of welded joints without additional
heat treatment have been compared, with preliminary local
heating of 400 °C, with additional post-weld local annealing at
T=750 °C, t7=4 minutes and sequential annealing in the furnace
at T7=850 °C, t7=60 minutes. It has been established that a full
cycle of heat treatment of a welded joint provides the highest
characteristics of strength and plasticity, but local heat treatment
also makes it possible to obtain a defect-free joint with satisfac-
tory characteristics for less responsible products. It is shown how
heat treatment of pseudo a-titanium alloy makes it possible to get
rid of unwanted phase formations (Zr,Ti);Si3Al and transform
them into (Zr, Ti,Nb,Mo)3SiAl.

The results are promising for use in the production of aircraft
engine parts.

Keywords: electron beam welding, titanium alloys, heat
treatment, mechanical properties, dispersion strengthening.
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Cast iron is widely used in the manufacturing industry due
to its high strength and wear resistance properties. However, cast
iron’s brittle nature results in frequent failure of cracks during
formation or use. Among the repair methods that can be used are
thermal spray and the welding process. Even though both welding
and thermal spray have been implemented for various metal repairs
processes, however very limited technical reports as well as scien-
tific papers are found for this topic. Therefore, the optimum condi-
tion of metal repair by both processes is still needed to be explored.
The present works focus on the comparison between thermal spray
and welding method for cast iron repairs purposes. In the experi-
ment of thermal spray process focus has been given in optimizing
spraying distance on microstructure and hardness properties. On
the other hand, in the welding experimental works focus has been
given on the influence of groove design on microstructure and
hardness. Each research variable is carried out to obtain optimal
crack repair results. It was observed that thermal spray process pro-
duces less Heat Affected Zone (HAZ) area compared to the weld-
ing process therefore having less critical area. The highest hardness
value of thermal spray method is 101.33 shown by 30 cm spraying
distance. Meanwhile, the highest hardness value of HAZ area of
welding method is 600 HV shown by specimen A. It was obtained
that from the present experimental works, thermal spray process
produces better results than welding process. However, the value of
the specimen hardness produced by the welding and thermal spray
method depends on the type of coating material used.

Keywords: cast iron, repair, thermal spray, welding, spraying
distance, microstructure, hardness.
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This study is an experimental research to analyze the char-
acteristics and mechanical properties of the casting process of
recycled brass alloy, which will be used as a material for gears.

Currently, the remaining production and waste from brass alloys
continue to increase. Another thing is the increase in the need for
brass gears, so environmentally friendly material engineering is
needed to provide good quality and efficient energy use, especially
during the casting process. The casting process uses an electric
furnace that melts brass alloys at 526 up to 900 °C within 1 hour
and molds to make test specimens. The results of microstructural
testing for grain size in recycled brass alloys range from 74.63 pm
to 84.57 um. The maximum tensile strength produced is up
to 225.2 MPa, the maximum yield strength is up to 179.8 MPa,
and the maximum elongation is up to 7.3 %. The roughness of
recycled brass alloys has a maximum Ra value (average rough-
ness) of up to 0.836 um. Validation was carried out by comparing
the mechanical properties of CAC 302 brass products and the
study results. The data shows that recycled brass’s maximum
yield strength value is 179.8 MPa and CAC 302 brass material
is 175 MPa, but for the ultimate tensile strength value, the value
of recycled brass is far below CAC 302 products. These results can
be a consideration for the industry to be able to use recycled brass
alloys for gear products because the yield strength value is not
far from CAC 302 brass products. The impact result of this study
produces recycled brass alloys that are environmentally friendly,
efficient in smelting energy consumption, and have good yield
strength. The results of this research can benefit the manufacture
of gear components made of brass alloys.

Keywords: environmentally friendly, gear manufacture, in-
vestment casting, mechanical properties, brass recycling.
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The object of this research is the horizontal centrifugal casting
process of the Al6061 alloy. Usually, cast products experience some
casting defects, so the horizontal centrifugal casting process is applied
to reduce the possibility of casting defects arising. In some casting
processes, especially in the production of cylindrical specimens, cast-
ing defects such as porosity are encountered. Therefore, horizontal
centrifugal casting was applied to overcome this problem. The test
results show that the average hardness value for aluminum 6061 speci-
mens resulting from centrifugal casting products with water cooling
was 73.3 HRg, while the average hardness value for aluminum 6061
specimens resulting from centrifugal casting products without water
cooling was 86.4 HRg. The microstructure results show that the grain
size of centrifugal casting products with water cooling was 82.5 um,
whereas without water cooling it was 75 um. Higher hardness values
were obtained in specimens without mold cooling, this is because the
conductivity in molds without cooling was higher compared to molds
that experienced water cooling. The higher the heat conductivity of
the mold, the faster the cooling process of the cast product. The cast-
ing process using the horizontal centrifugal method can be carried out
to produce cylindrical spare parts.

Keywords: metal casting, horizontal centrifugal casting, mold
cooling, hardness, microstructure, A16061.
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The focus of this study is on the FesO3-doped BigsNagsTiO3-
SrTiOs piezoelectric material. This is important to find eco-
logically acceptable piezoelectric materials. This research aims
to obtain a lead-free piezoelectric material because lead is a
material that is not environmentally friendly. An alternative
solution is a piezoelectric material based on BNT-ST, which
in this case is doped with FeyO3 material. The study of FeyOs
doped BigsNag5TiO3-SrTiO3 piezoelectric material prepared by
the solid-state reaction method was carried out to determine
the optimum composition of the material formed. Doping varia-
tions are 0; 2.5; 5; 7.5; and 10 in mol %. The examinations were
performed using X-ray diffraction (XRD) spectroscopy, a Scan-
ning Electron Microscope (SEM), and an LCR meter. The Fe,O3
doped BigsNag5TiO3-SrTiO3 produced a new compound in the
form of FeBi5;Ti3015-NasTizO7-SrTiO3 with the crystal structure
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of cubic, orthorhombic, and monoclinic, as well as the increasing
crystalline size with the addition of dopants, exclude at 5 mol %
and 7.5 mol %. FeBi5sTi305-NayTi307-SrTiO3 also produces
varying particle sizes, which are between 0.88-8.23 um. From
the obtained data, the optimum composition of Fe;O3 doped
BigsNag5TiO3-SrTiO3 was the 2.5 mol % of FeyO3 due to it hav-
ing the highest dielectric constant (g,) and temperature Curie
(T.), and also the lowest material impedance (Z) with the ¢, of
12.037 at T, of 400 °C and Z of 135 kQ. The high piezoelectricity,
which is indicated by the high value of the dielectric constant
and Curie temperature, is possible due to the presence of a greater
number of sodium ions in the Na,Ti3O7 phase. Sodium ions are
ions with good electrical storage capabilities. The increase in
dielectric constant in the BNT-ST piezoelectric obtained by the
addition of FeyO3 shows that this material can be used as a sub-
stitute for lead-based piezoelectric materials so that it is secure
for the environment. The piezoelectric material of BNT-ST doped
with FeyOs earned from this research can be applied to obtain
electricity with a optimal value when given mechanical pressure.

Keywords: piezoelectric, BNT-ST, Fe;O3 doping, electric prop-
erties, Curie temperature.
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MOJIIIIIEHHA 3HOCOCTIMKOCTI TA TEIZIONPOBIITHOCTI AJJIOMIHIEBOT MATPUIII
KOMIIO3UTHOI'O APMOBAHOTIO AL;03/SiCw/Mg IIOPOIIKY (c. 6-14)

I. K. G. Sugita, K. Suarsana, N. P. G. Suardana, Rudi Sunoko

TexnoJI0TiYHUIT IPOTPEC BUMArae po3podKH MaTepiasis, siki MalOTh 0COOJIMBI XapaKTEPUCTUKY, TaKi sIK BUCOKA MII[HICTh, JKOPCTKICTh, Ma-
Jla Bara Ta Xopolia TerIonpoBiZHICTb 32 HU3BKOIO IiHOI0. Po3pobKa riGpuaHIX MeTaJo-MaTPUYHIX KOMITO3UTIB € HallBaKIMBIIIOIO rajIy33I0
[1ePeI0BOI TEXHOJIOTII MaTepialo3HaBCTBA.

Ile pocuipkenHs BusHavyae amomMiniesi Mmarpuuni kommnosut (AMC), amitaeni okcugom amominio (AlyOs), kapbizom kpemiio (SiCw)
i nomasannsaM maruiio (Mg). MaTpuild BUroTOBJIEHA 3 TIOPOIIKY YMCTOro amominiio Ha 90 %, a KoMepIiiiHo gocTyIHi apMmyiodi Matepiain
Brouaiorb Al,O3, SiCw i Mg. Hini BruoyaioTs 3mity ¢pakiiii apMyBaHHsI Ta MaTPHUIll, TEMIIEPATYPy Ta Yac BUTPUMKHU CliikaHHs. BuGip
IIPOIleCy BUTOTOBJIEHHS 3pa3Ka 3 BUKOPHCTAHHSAM MOPOIIKOBOI TEXHOJIOTII 3 MOAAJIBIINM IIPOIECOM CIIIKAHHS IPU Pi3HUX TeMIeparypax, a
came 350, 450 i 550 °C 3 Bapiauisimu yacy BurpuMku 1, 2 1 3 roguan. MeToro aHOTO0 A0CTiKeH s 0yJ10 BU3HAYECHHS BILUIMBY Bapialliil yacTku
apMyBaHHsI Ta 06POOKH CIIIKAHHIM Ha BJACTUBOCTI 3HOCOCTIHIKOCTI, TBEPOCTI Ta TEIJIONPOBIAHOCTI aIOMIHIEBUX MATPUYHIX KOMITO3HTIB.

PesysibraTi mokasasu, 1110 CHiBBIAHOLIECHHS CKJIALy apMaTypU Ta aJlOMIHIIO IiJ 4ac CIIKaHH:S CYyTTEBO BILUIMHYJIO HA MEXaHiuHi BjacTU-
BOCTI. 3HOCOCTIHKICTH MaTepiairy IeMOHCTPYE BiZIMIHHI OKa3HUKH, a came 3HococTiiikicts 0,000065 r/c, TBepaicTs 45,234 VHN i Temionpo-
Bignicts 184,855 Br/M °C, npu kommosuiiii apmytouoro ckaany 10 % AlyOs, 10 % SiCw i 20 % Mg i remneparypoio crikanus 550 °C. Ile
BKa3ye Ha Te, [0 aIIOMiHieBUI MaTpuuHuii koMmnozut, nocuiaennii AlyO3/(SiCw/Mg), 3paTHuii BATPUMYBATH HABAHTAKEHHS TEPTsI 3aBIAKN
HU3BKI MIBUIKOCTI 3HOITYBAHHS, XOPOIITiil TBEPAOCTI Ta XOPOIIiii TeronposigHocTi. Lleit marepian myske MiIXOMUTD /I BAKOPUCTAHHS K
TpUOOJIOTTYHII MaTepias, raJbMiBHUN €leMeHT, 0cOOIMBO rajibMiBHUIT GapabaH.

Kinouogi cioBa: amominieBuii ribpuiHmii KoMrosut, Tibpuz moporkosoi metanyprii AlyOs, SiCw/Mg, TermonpoBifHicTb, 3HOCOCTIHKICTB.
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BILTUB TEPMIYHOI OBPOBKU HA CTPYKTYPY TA MEXAHIYHI BJIACTUBOCTI IICEB/IO
a-TUTAHOBOTO CILVIABY Y 3BAPHOMY 3’€THAHHI (c. 15-25)

B. 10. Binoyc, E. JI. Bp:xukeBcbkuii, B. A. Kocrin, T. I'. Tapanosa, B. JI. 3Bopukin, K. O. 3Bopuxin

OG6’exroM ociaskerns OyB MaTepias 3BapHOTO 1Ba HOBOrO ciiaBy Ti-6.1A1-6.0Zr-6.3Sn-3.2Mo-1.1Nb-1.2Si, sikuii 6ys orpumanuii EI13.

EnextporHo-nipomenese 3aprosants (EI13) 3abesmneuye mBuaKe POIUIABICHHS 1 OXOJOIKEHHS 3 KPUCTATIZAIIEI0 3a 3HAYHUX TeMIIe-
PaTypHUX TpajiieHTiB. [[JIs1 TICEBIO 0-THTAHOBOTO CILIABY 1€ 3yMOBJIIOE MOSIBY 3HAUHNX 3AJMINTKOBUX HATPYKEHb B 3'€IHaHHI i 006yMOBIIOE
cuerudiky aucrepciitnoro posnany B-hasu. 3aIulIKoBi HAIPYKEHHS 3MEHIIYIOThCS OMEPEIHIM TiIrPiBOM, 3HIMAIOTHCST TEPMOOOPOOKOI.
Taka 06poOKa KPUTHYHO BIINBAE HA (HOPMYBAHHS CTPYKTYPH Ta (Ha30BOTO CKJIAILY 3BAPHOTO IIIBA i 30HU TEPMIYHOTO BILIUBY €J€KTPOHHOTO
POMEHIO, MOJKE YTBOpIoBaTH MakpozedekTn, HebakaHi hasu i CTPYKTYpHIi cTaHu.

Busnaueni yMoBM TepMOOGPOOKH, VISl TOBEIEHHS 3BAPHOTO 3'€IHAHHS 31 CKJIQIHONETOBAHOTO MCEBIO O-TUTAHOBOTO CILIABY 10 HEOO-
XiIHOTO PiBHS MeXaHiYHNX XapaktepucTuk. [lopiBHsHO cTPYKTYpY, Mopdosoriio ¢as, eTeMeHTHUH CKIAJ Ta MEXaHiUHi XapaKTePUCTUKI
3BapHUX 3’€iHaHb Ge3 J0AATKOBOI TepMiuHOT 06poOKH, 3 HornepeaHivM gokaabauM Harpisom 400 °C, 3 10aTKOBUM ITiC/IA3BAPIOBAIBHUM JIO-
KasmpHUM Bignanom 3a Tr=750 °C, t7=4 XBUIMHU Ta TOCiI0BHUM Bigmanom y medi 3a 77=850 °C, t7=60 xBusmn. Beranosiieno, 1o moBHUI
[UKJ TepMiuHOi 06pOOKU 3BAPHOTO 3'€HAHHS 3a0e3Iedy€e HAWBUIN XapaKTEPUCTUKU MIIIHOCTI Ta IIACTHYHOCTI, ajie i JOKaJIbHA TepPMivuHa
06pobKa no3BoNsIE oTpMaTH OeseeKTHE 3'€THAHHS i3 33I0BIIBHIMI XapaKTePUCTUKAMU /IT MEHIN BiAMOBiaMbHUX BUPOGiB. [TokazaHo,
K TepMiuHa 06poOKa MCEBIO A-TUTAHOBOTO CIIABY J03BOJISE M030aBUTHCH HebakaHuX (azoBux yrBopenb (Zr,Ti)sSizAl 3 neperBopentsm
ix o (Zr,Ti,Nb,Mo)3SiAl

OtpuMaHi pe3yJIbTaTy IePCIeKTUBHI IJIs 3aCTOCYBAHHs Y BUPOOHUIITBI JleTalell ABUTYHIB aBialliiiHol TeXHIKH.

Kii040Bi c/10Ba: eJIEKTPOHHO-IIPOMEHEBE 3BAPIOBAHHSI, TUTAHOBI CILIABU, TEPMIUHA OGPOOKA, MEXAHIUH] BIACTUBOCTI, AUCTIEPCiiiHE 3MIllHEHHSI.

DOI: 10.15587/1729-4061.2024.310239

BAJKJIMBI ®AKTOPU JIJISI CTPYKTYPU TA MEXAHIYHUX BJIACTUBOCTEIL IPU
BIZIHOBJIEHHI KOMIIOHEHTIB 3 OCHOBHOTO METAJIY TEPMIYHUM PO3IMUJIEHHSIM TA
3BAPIOBAHHSAM (c. 26-33)

Raden Dadan Ramdan, Yasya Nur Muhammad, Sihol Christian Lumbantoruan, Irma Pratiwi, Bambang Widyanto, Aditianto Ramelan

YaByH IUPOKO BUKOPUCTOBYETHCA B 0OPOOHIH IPOMUCIOBOCTI 3aBASKU BUCOKIH MiI[HOCTI i 3HOCOCTIiiKOCTI. OIHAK KPUXKa IPUPOIA
YaBYHY [PU3BOJAMTD /IO YaCTOrO PyiiHyBaHHs TPiluH i yac hopmyBanus abo BukopucTants. Cepel METOAIB BiIHOBJICHHS, SIKi MOKHA
BUKOPUCTOBYBATH, — TepMiyHe HAIIMJIEHH: Ta IIpoliec 3BapoBanus. Hespaxkaloun Ha Te, [0 SIK 3BapIOBaHHS, TaK i TepMiyHe PO3IHUIEH-
Hs1 32CTOCOBYBAJIMCS /IS PI3HUX TIPOIIECIB BIIHOBJIECHHS METAJLY, IPOTE HA 110 TeMy 3HaAeHO 1yKe 0OMEKEeHI TeXHIUHI 3BiTH, a TAKOXK
HayKoBi crarti. TAKUM YMHOM, ONTHMAJIbHI YMOBHU BiIHOBJIEHHST MeTasy oboMa Tpoiecamu me notpiouo gocaiautu. IIi po6oru 3o0ce-
pellKeHi Ha MOPIBHAHHI TEPMIYHOIO HAllMJIEHHS Ta METO/y 3BaploBaHHS /IS 1ijieil BiIHOBJIeHHS YaByHY. B ekcliepuMeHTi 3 1poiecom
TEPMIYHOTO PO3NMUJIEHHS AKIIEHT OYJI0 TIPUIIIEHO ONTUMI3AIlil BiZICTaH] PO3IMIEHHS I[O/I0 BJAACTUBOCTEH MIKPOCTPYKTYPH Ta TBEPAOCTI.



3 inmoro 60Ky, B eKCIIEpUMEHTATbHUX POOOTAX 31 3BAPIOBAHHS OCHOBHA yBara MPHU/iISIETHCS BINIMBY KOHCTPYKINI KAaHABOK HAa MiKPO-
CTPYKTYpPY Ta TBepAicTh. KoskHa 3MiHHA TOCTI/KEHHS MTPOBOANTHCS ISl OTPUMAHHS ONTUMATBHUX Pe3yIbTaTiB BiIHOBIEHHS TPIilnH
Bysto nmomivueno, 110 mpoiiec TepMivHOrO PO3NUJIEHHS CTBOPIOE MEHIIY ILIONLY 30HU TerioBoro BImBY (3TB) nmopisusHo 3 nporecom
3BApIOBAHHA, TOMY MAa€ MEHIIYy KPUTHYHY Itonly. HaiiBuine 3HaYeHHS TBEPAOCTI METO/LY TepMiuyHOTO posnuieHHs craHoBuTb 101,33,
mokasane Ha Bizcrani 30 cM. Mix Tum, HaitBuiie 3nadenuss tBepaocti 3onu 3TB merony 3BapioBanns cranosuth 600 HV, mokasamne
3paskoM A. ByJio BCTaHOBJIEHO, 11O 3 IOTOYHUX €KCIIEPUMEHTATBHUX POOIT MPOIEC TEPMIYHOTO POIIUIECHHS A€ KPAlli PE3yJIbTaTH, HikK
npoiiec 3BapioBanHA. OHaK 3HAYEHHS TBEPAOCTi 3pa3Ka, OTPUMAHOTO METOIOM 3BapIOBAHHS Ta TEPMIUHOTO HANMJIEHHS, 3a7eKNTD BiJf
TUITy BUKOPUCTOBYBAHOTO MaTepiay MOKPUTTS.
KmodoBi cioBa: yaByH, BiTHOBJICHHS, TEPMOHATIMICHHS, 3BaPIOBAHHA, BiZICTaHb HATMJICHHS, MiKPOCTPYKTYPa, TBEPAiCTh.
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BILIB IIPOIIECY IIEPEPOBKHU BIJIXO/IIB JIATYHI HA MEXAHIYHI BJIACTUBOCTI IIPI
JINTTI 110 BUTOILTIIOBAHUX MOJIEJISIX JIJISI BATOTOBJIEHHSI MATEPIAJIIB 3YBYACTHUX
KOJIIC (c. 34—41)

Erwin, Didik Sugiyanto, Danny Faturahman, Yefri Chan, Husen Asbanu

[Tana poGoTa s1BJIst€ COO0I0 EKCTIEPUMEHTATBHE AOCIIIPKEHHS 3 aHAMI3Y XapaKTEPUCTUK | MEXaHIYHUX BJIACTUBOCTEH MIPOIIECY JIUTTS CILJIa-
BY 3 TepepobIIeHol JIaTyHi, skl Oye BAKOPUCTOBYBATUCS B IKOCTI MaTepiany /uist 3yGuyacTux KoJic. B ganuii yac o6esr 3amIinkiB BUpoOHH-
[[TBa Ta BiIXO/B JATYHHUX CIUIABIB IPOAOBKYE 30LmbinyBarucs. Takox 3pocTae morpeba B IATYHHUX 3yGUACTUX KOJIECax, TOMY st 3a6e3-
MeYeHHsT XOPOIIOT SIKOCTI Ta eheKTUBHOTO BUKOPUCTAHHST €Heprii, 0cOGIMBO B TIPOIEC] JIUTTsI, HEOOXiIHI TeXHOJIOTIT BUPOOHUIITBA €KOJIOTTIHO
YUCTHX MaTepiasiB. Y mpolieci JINTTS BAKOPUCTOBY€ETHCS €IEKTPUYHA 1114, Y AKill BitGyBaeThCsI IABJIEHHS JIATYHHUX CIUIABIB 32 TEMIIEPATYPU
Bizt 526 10 900 °C nporsirom 1 roguuu Ta hopMyBaHHsT JIJIsi BATOTOBJIEHHS BUIIPOOYBAJIBHUX 3pa3KiB. Pe3ysibraTit MiKpOCTPYKTYPHUX BUIIPO-
OyBaHb 3¢PHUCTOCTI CIJIABIB 3 mepepobIIeHol JIaTyHi BapilooThes Bif 74,63 MM 10 84,57 MKM. MakcuMmasbHa ojiepKaHa Meska MiTTHOCTI mpu
PO3TATYBaHHI CTaHOBUTS /10 225,2 M1la, Makcumasibia Mexa mmnHocti — 10 179,8 MIla, makcumaibie mogosxenns — 10 7,3 %. HloperkicTs
CIUIaBIB 3 MepepobJIeHOT JIaTyHi Mae MaKkCcHUMasibhe 3Hadents Ra (cepeanst moperkicts) 10 0,836 MkM. [lepeBipka pesysibratiB mpoBOMIACS
HIJIIXOM TOPIBHAHHS MeXaHiuHuX BjacTuBocreii Bupo6is 3 matyni CAC 302 i pesysbraris pocaijpkenta. Jani M0Ka3yioTh, 110 3HAYEHHS
MaKCUMAIbHOT MeKi muimHHOCTI epepobueHoi atyni cranoButh 179,8 MIla, marepiany saryni CAC 302 — 175 MIla, aje 3HadeHHsT MEXi
MIIHOCTI TIpY pO3TATYBaHHI Tepepoberoi gartyHi nabarato Huxde, Hisk y Bupob6is 3 CAC 302. [lani pesysisratn MOKYTh OYTH KOPUCHUMU
y IPOMUCJIOBOCTI JIJIsi BUKOPUCTAHHS CILIABIB 3 11ePEePOOICHOI JIATYHI [T BUTOTOBJEHHST 3y0UacTHX KOJIC, OCKUIBKU 32 MEKEIO IIMHHOCTI
BOHU 6J113bKi 10 BUp0o0iB 3 taTyri CAC 302. B pesyJibraTi ocmiizkKeHHsT OTPUMaHi CIIaBH 3 TIepepobJIeHol IaTyHi, SIKi € eKOJIOTTYHO YUCTUMH,
e(eKTUBHUMH 3 TOUYKH 30PY €HEProCIIOKMBAHHS IIPY IUIABII Ta MAOTh TapHYy MeXKy IUIMHHOCTI. Pesysbrati 1aHOoro /IOCTi/PKeHHST MOXKYTh
GyTH KOPUCHI IpU BUPOOHUIITBI eTasell 3yOuacThx KOJIiC 3 JATYHHUX CILIABIB.

Kimo4oBi ciioBa: eKoTOTiYHIIA, BUTOTOBJIEHHS 3y6UacTHX KOJIC, TUTTS [0 BUIJIABITIOBAHIX MOJIENSIX, MEXaHIUHI BIACTHBOCTI, TIepe-
pobka JaTyHi.
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NMOPIBHAHHA 3HAYEHDb TBEP/IOCTI TA MIKPOCTPYKTYPH AL6061 ITP11 TOPU3OHTAJIbHOMY
BIZTEHTPOBOMY JIUTTI 3 OXOJIOZKEHHAM ®@OPMMU TA BE3 HbOTI'O (c. 42-48)

Agus Suprapto, Dewi Izzatus Tsamroh, Djoko Andrijono, Septian Dwi Irianto Maswain

OG6’€KTOM JIOCTIIZKEHHS € MPOTIeC TOPU3OHTATIBHOTO BiflleHTPOBOTO JUTTs criaBy Al6061. STk mpaBuJio, 1MTi BUPOOH MAIOTh JIUBapHi
nedeKTy, TOMY JIJIst 3HUKCHHS IMOBIPHOCTI BUHMKHEHHS JIMBapPHUX 1e)eKTiB 3aCTOCOBYETHCS POIEC TOPU30HTAIBHOIO Bi/IIIEHTPOBOTO
JUTTs. Y JesIKUX Tpoliecax JUTTsS, 0COOJUBO TIPU BUTOTOBJIEHHI IUTIHAPUYHUX 3pa3KiB, TPATISIIOTHCS TaKi JUBapHi AeheKTH, sIK T10-
puctictb. ToMy st BupinteHHs 1i€i mpobiaemu 6yJI0 3aCTOCOBAHO TOPU3OHTATIbHE BiIIEHTPOBE JUTTsI. Pe3ybraTii BUIPOOYBAHb 110-
Ka3yTh, 10 CEPe/IHE 3HAYUECHHS TBEPAOCTI 3pasKiB 3 amoMiniio 6061, oTpuMaHux Ipu BiAEHTPOBOMY JUTTI BUPOOIB 3 BOASHIM 0XOJI0-
IUKeHHsIM, cTaHoBuo 73,3 HRE, Toxi sk cepeie 3Havenns TBEPAOCTi 3pa3kiB 3 amoMiniio 6061, oTpuManux mMpu BiAATIEHTPOBOMY JIUTTI
BUPOGIB 6e3 BOASHOTO 0X0JI0/KeH s, cTanoBuio 86,4 HRg. Pesyabraru pociiukeHHss MiKpOCTPYKTYPH TTOKA3yIOTh, IO 3€PHUCTICTD
BUPOOIB Bi/IIIEHTPOBOTO JIUTTS 3 BOASHUM OXOJIO/UKEHHSM CTAHOBHUTH 82,5 MKM, TO/ SIK 6€3 BOASHOTO OXOJIOKEHHST BOHA IOCSITAE 75
MKM. Bijibin Bucoki 3HauenHs TBepAocTi 6yau oTpuMani B 3paskax 6e3 oxonokerHs hopmu. Ile mos’a3aHo 3 TUM, 110 TEMJIONPOBIAHICTD
y hopmax 6e3 OXOJOKEHHsI BUIIA TTOPIBHSAHO 3 (hopMaMu, sIKi TMi/IaBAINCs BOJASHOMY OXOJIO/UKEHHIO. YUM BUIIE TEMJIONPOBIIHICTD
dopmu, TuM mBHAIIE BiIOYBAETHCS MPOIIEC OXOJOKEHHS JTUTOTO BUPOOY. IIpoliec JTUTTs TOPU3OHTATIBHUM BifIIEHTPOBUM METOIOM
MOKe OyTU BUKOPUCTAHUHN /Jist BUTOTOBJIEHHS [IUJIIHAPUYHUX 3aMIACHUX YACTUH.

KiiouoBi ciioBa: JIMTTs MeTary, TOpU30OHTAIbHE BiIEHTPOBE JINTTSI, OXOJO/UKEHHS (POPMHU, TBEPAICTh, MiKpocTpyKTYpa, Al6061.
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MMOKPAIIIEHHS JIIEJEKTPUUHUX TA IMIEJAHCHUX BJIACTUBOCTEI! I’ €30EJEKTPUUHUX
Biy sNag 5TiO3-SrTiO; MATEPIAJIIB BE3 Pb, MOJIMMIKOBAHUX Fe,05 (c. 49-57)

Mukhtar Effendi, Nugraheni Puspita Rini, Candra Kurniawan, Wahyu Tri Cahyanto, Wahyu Widanarto

VY 11eHTpi yBaru 1boro AOCTiPKEHHS — IT'e30esiekTpuanuii Mmarepian BigsNag5Ti03-SrTiOs, nerosanuit FeyOs. Ile BaskmBo 1151 mouryky
€KOJIOTIYHO MPUHHATHUX 1T €30eJIeKTpUYHuX Martepiatis. Ili gocikeHHsa cpsaMoBaHi Ha OTPUMAHHS ' €30€T€KTPUYHOTO MaTepiay, mo He



MICTUTH CBUHITIO, OCKIJIBKU CBUHEIb € €KOJOTIYHO HEUIKIJIMBUM MaTepiasioM. AJIGTePHATUBHUM PIilllEHHSIM € IT'€30eIeKTPUYHUN MaTepias
Ha ocHoBi BiysNag5Ti03-SrTiOs, axuit y namomy Bumazaky JeroBanuii Matepianom FeyOs. Iy BU3HAUEHHS ONMTUMATIBHOTO CKJIATY yTBOpe-
HOTO MaTepiayry mpoBeeHo ToCiKeH s Jeroanoro FeyOs m'ezoenexrpudanoro Matepiany BigsNag5TiO3-SrTiOs, BATOTOBIEHOTO METOIOM
TBepaodasoi peakirii. Bapiamii serysanns popisuioors 0; 2,5; 5; 7,5; 1 10 B Mou1.%. Jloc/1i/KeHHS TPOBOIMIIN 32 JIOTIOMOTOI0 PEHTTEHIBCHKOT
MPAKIHOI CIIEKTPOCKOIIi, CKAaHYIOuoTo ejeKTporHoro mikpockomna i LCR-merpa. FeyOs, nonosanuit BijsNag5TiO3-SrTiOs, yrBopus
HOBY cnosiyky y ¢opmi FeBisTisOy5-NayTisO7-SrTiO3 3 ky6iuHOI0, OpPTOPOMGIUHOI0 Ta MOHOKJIIHHOK KPUCTATIYHOK CTPYKTYPOIO, & TAKOXK
301JIBIIIEHHSAM PO3MIPy KPUCTAJIIB i3 I0IaBAHHSM JIETYIOYHX 100aBOK, BUKJIIOYAI0YN IPH 5% MOJIb i 7,5% Mourb. FeBisTizO5-NayTizO7-SrTiO3
TAKOK YTBOPIOE Pi3Hi PO3MipH YaCTHHOK, sIKi ctaHoBATh 0,88—8,23 MxM. 3 oTpuManux janux onrtumanbuuit ckiaan BigsNagsTiOs-SrTiOs,
aeroBanoro FeyOs, cranosus 2,5 Moi.% FeyO3 uepes Te, 110 BiH Mac HaiBUIILY JlieJIeKTPUYHY TIPOHUKHICTD (g,) 1 Temneparypy Kiopi (7;), a
TAKOK HalHWKYNi iMneganc marepiany (Z) 3 g, 12,037 npu T, 400 °C i Z 135 kOm. Bucoka 11'e30e/1eKTpUYHICTD, PO SIKY CBiIMUTH BUCOKE
3HAYCHHSI JIieJIEKTPUYHOT TPOHUKHOCTI Ta Temiiepatypu Kiopi, MOKJINBa 3aBsIKI HASIBHOCTI OiJIbII0T KiJIbKOCTI 10HIB HaTpito y (hasi NayTisO5.
lonu HaTpito € ioHAMH 3 XOPOIIOIO eJIEKTPUYHOIO 3[aTHICTIO HAKOTIMYYBaTH. 301AbIICHHS AieJeKTPUYHOI TPOHUKHOCTI B 1T'€30€JEKTPUKY
BNT-ST, orpumanomy muisixom jogasanus FeyOs, mokasye, 1o 1eil Marepiaj MOKHa BUKOPHUCTOBYBATH SIK 3aMiHHHK IT'€30€JI€KTPUYHUX
MarepiajiB Ha OCHOBI CBHHINO, 1100 BiH OyB Ge3IeYHUM JIJIsl HABKOJHMIIHBOTO cepepouiia. 11'e3oenmekrpuunnii matepian BNT-ST, serosa-
nuii FeyOs, orpuManuii y pesybsraTi 1boro A0CITiAKeHHs, MOKe OYTH 3aCTOCOBAHWIL /s OTPUMAHHS eJIEKTPOEHEPTil 3 ONTHUMAJbHUM 3Ha-
YEHHSIM [IPU MEXAHIYHOMY THCKY.
Kmouogi cioBa: 'ezoenextpuk, BNT-ST, nerysanus FeyOs, eekrpuuni BiracTuBocTi, Temnepatypa Kiopi.



