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The object of this study is the carbon-based organic capacitors, de-
rived from bagasse leaves from the Kebon Agung sugar factory, Malang,
Jawa Timur, serving as a sustainable precursor material. The challenge
of optimizing the performance of bagasse leaf-based organic capaci-
tors has been a significant barrier in advancing sustainable electronic
components. This study aims to develop a quality framework for syn-
thesizing these capacitors by systematically optimizing the parameters
using the Taguchi method. Traditional methods often lead to incon-
sistent performance and high variability, making it difficult to achieve
reliable results. By applying the Taguchi orthogonal array, this study
identified key factors and optimal levels, effectively reducing experi-
mental efforts while ensuring robust performance. The carbonization
of bagasse leaves was conducted using direct combustion with thinner
and 70% methanol as liquid burners. Capacitance tests revealed stable
values ranging from 0.8897 nF to 0.9281 nF across trials, demonstrat-
ing consistent and reproducible behavior. Thermal noise evaluation
showed slight temperature variations (69.01°C to 72.01°C), indicating
the influence of temperature on electron mobility within the dielectric
materials. The systematic approach of the Taguchi method minimized
variability and enhanced the capacitors’ reliability under varying ther-
mal conditions. The method’s focus on robustness and quality control
ensured consistent capacitance values and improved overall capacitor
performance. Compared to traditional methods, the Taguchi method
facilitated a thorough exploration of the design space with fewer
experiments. This study underscores the importance of systematic
optimization in capacitor design, offering a reliable pathway to inte-
grate sustainable materials into advanced electronic components. The
results provide valuable insights into the effects of different parameters
on performance metrics, enhancing the development of high-quality
organic capacitors.

Keywords: Taguchi method, bagasse leaves, organic capacitor,
tin oxide, dielectric material.
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This study investigates the compound Cdl,, which is actively
used as a component in scintillation detectors for the detection of
alpha-particle radiation. The research addresses the task to correlate
experimental results with theoretically determined parameters of
CdI, films. One of the primary objectives for studying this compound
is to determine its electronic structure and optical properties.

The CdI, thick film was obtained by cleaving from a bulk sample.
The average thickness of the CdI, thick film is 2 um. The optical prop-
erties of CdI, thick film were investigated by optical absorption spec-
tra. The absorption spectrum fitting method was applied to estimate
the optical band gap and Urbach energy of the CdlI, thick film. This
method requires only the measurement of the absorbance spectrum,
and no additional information, such as the film thickness or reflec-
tance spectra. The optical band gaps and Urbach energy obtained for
the CdI, thick film are 3.05 eV and 5.17 eV, respectively.

Electronic band structure and energy properties were studied
for CdI,. We calculated the electron dispersion at high symmetry di-
rections of the Brillouin zone and density of electron estimated with
the generalized gradient approximation (GGA). A Perdew-Burke-
Ernzerhof functional for solids (PBEsol) was applied. Based on the
dispersion of energy bands, the predominant type of conductivity in
the studied materials was determined.

Consistency of theoretical and experimental parameters exceeds
that reported in previous studies, which supports the use of Cdl,
as a model compound, especially in the search and design of novel
crystalline materials. The established parameters could be used in the
development of components for a scintillation detector.

Keywords: band gap, Urbach energy, absorption spectra, density
functional theory.

References

1. Lavrentyev, A. A., Gabrelian, B. V., Vu, T. V., Ananchenko, L. N.,
Myronchuk, G. L., Parasyuk, O. V. et al. (2019). Electronic and opti-
cal properties of quaternary sulfide TI2HgSnS4, a promising opto-
electronic semiconductor: A combined experimental and theoreti-
cal study. Optical Materials, 92, 294-302. https://doi.org/10.1016/
j-optmat.2019.04.032

2. Rudysh, M. Y., Pryshko, I. A., Shchepanskyi, P. A., Stadnyk, V. Y.,
Brezvin, R. S., Kogut, Z. O. (2022). Optical and electronic parame-
ters of Rb,SO, crystals. Optik, 269, 169875. https://doi.org/10.1016/
j.ij1e0.2022.169875

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Vu, T. V,, Luzhnyi, I. V., Myronchuk, G. L., Bekenev, V. L., Bo-

hdanyuk, M. S., Lavrentyev, A. A. et al. (2021). DFT calculations and
experimental studies of the electronic structure and optical properties
of TLPbls. Optical Materials, 114, 110982. https://doi.org/10.1016/j.
optmat.2021.110982

. Rudysh, M. Ya. (2022). Electronic structure, optical and elastic proper-

ties of AgAIS, crystal under hydrostatic pressure. Materials Science
in Semiconductor Processing, 148, 106814. https://doi.org/10.1016/
j-mssp.2022.106814

. Ai, R, Guan, X,, Li, J,, Yao, K., Chen, P., Zhang, Z., Duan, X., Duan, X.

(2017). Growth of Single-Crystalline Cadmium Iodide Nanoplates,
CdI,/MoS, (WS,, WSe,) van der Waals Heterostructures, and Pat-
terned Arrays. ACS Nano, 11 (3), 3413-3419. https://doi.org/10.1021/
acsnano.7b01507

. Qasrawi, A. F., Hamarsheh, A. A. (2021). Au/CdBr,/SiO,/Au Strad-

dling-Type Heterojunctions Designed as Microwave Multiband
Pass Filters, Negative Capacitance Transistors, and Current Recti-
fiers. Physica Status Solidi (a), 218 (22). https://doi.org/10.1002/
Ppssa.202100327

. Popov, G., Mattinen, M., Hatanpad, T., Vehkamaki, M., Kemell, M.,

Mizohata, K. et al. (2019). Atomic Layer Deposition of Pbl, Thin
Films. Chemistry of Materials, 31 (3), 1101-1109. https://doi.org/
10.1021/acs.chemmater.8b04969

. Kashuba, A., Zhydachevskyy, Y., Semkiv, I, Franiv, A., Kushnir, O. (2018).

Photoluminescence in the solid solution Ing 5Tl sI. Ukrainian Journal of
Physical Optics, 19 (1), 1. https://doi.org/10.3116/16091833/19/1/1/2018

. Rybak, O. V. (2024). Thermodynamic Analysis of the Equilibrium

Vapor Phase Composition of the Cd-I, System. Journal of Nano- and
Electronic Physics, 16 (1), 01021-1-01021-01024. https://doi.org/
10.21272/jnep.16(1).01021

Kaur, H. (2014). Growth and formation of polytypes in crystals of
cadmium iodide. Applied Science Research, 6 (1), 64-66. Available at:
https://www.scholarsresearchlibrary.com/articles/growth-and-forma-
tion-of-polytypes-in-crystals-of-cadmium-iodide.pdf

Bai, X., Jiang, Q., Song, P., Jia, Z.-P,, Lu, S., Gao, Z.-K. et al. (2023).
Study of electronic and optical properties of CdI2 modulated by
electric field: a first-principles study. Optics Express, 31 (19), 31504.
https://doi.org/10.1364/0e.497833

Momin, Md. A., Islam, Md. A., Nesa, M., Sharmin, M., Rah-
man, M. J., Bhuiyan, A. H. (2021). Effect of M (Ni, Cu, Zn) doping
on the structural, electronic, optical, and thermal properties of CdlI,:
DFT based theoretical studies. AIP Advances, 11 (5). https://doi.org/
10.1063/5.0050145

Tao, L., Huang, L. (2017). Computational design of enhanced photo-
catalytic activity of two-dimensional cadmium iodide. RSC Advances,
7 (84), 53653-53657. https://doi.org/10.1039/c7ra09687a

Tyagi, P., Vedeshwar, A. G. (2002). Grain size dependent optical prop-
erties of CdI, films. The European Physical Journal Applied Physics,
19 (1), 3-13. https://doi.org/10.1051/epjap:2002043

Kariper, 1. A. (2016). Structural, optical and porosity properties of CdI,
thin film. Journal of Materials Research and Technology, 5 (1), 77-83.
https://doi.org/10.1016/j.jmrt.2015.10.005

Tyagi, P., Vedeshwar, A. G., Mehra, N. C. (2001). Thickness depen-
dent optical properties of CdI, films. Physica B: Condensed Matter,
304 (1-4), 166-174. https://doi.org/10.1016/s0921-4526(01)00392-1
Yan, Z., Yin, K., Yu, Z., Li, X., Li, M., Yuan, Y. et al. (2020). Pressure-
induced band-gap closure and metallization in two-dimensional tran-
sition metal halide CdI,. Applied Materials Today, 18, 100532. https://
doi.org/10.1016/j.apmt.2019.100532

Kunyo, I. M., Kashuba, A. L., Karpa, I. V., Stakhura, V. B., Svele-
ba, S. A., Katerynchuk, I. M. et al. (2018). The band energy structure
of (N(CHj)4)2ZnCly crystals. Journal of Physical Studies, 22 (3).
https://doi.org/10.30970/jps.22.3301



https://doi.org/10.1016/j.optmat.2021.110982
https://doi.org/10.1016/j.optmat.2021.110982
https://doi.org/10.1016/j.mssp.2022.106814
https://doi.org/10.1016/j.mssp.2022.106814
https://doi.org/10.1021/acsnano.7b01507
https://doi.org/10.1021/acsnano.7b01507
https://doi.org/10.1002/pssa.202100327
https://doi.org/10.1002/pssa.202100327
https://doi.org/10.1021/acs.chemmater.8b04969
https://doi.org/10.1021/acs.chemmater.8b04969
https://doi.org/10.3116/16091833/19/1/1/2018
https://doi.org/10.21272/jnep.16(1).01021
https://doi.org/10.21272/jnep.16(1).01021
https://www.scholarsresearchlibrary.com/articles/growth-and-formation-of-polytypes-in-crystals-of-cadmium-iodide.pdf
https://www.scholarsresearchlibrary.com/articles/growth-and-formation-of-polytypes-in-crystals-of-cadmium-iodide.pdf
https://doi.org/10.1364/oe.497833
https://doi.org/10.1063/5.0050145
https://doi.org/10.1063/5.0050145
https://doi.org/10.1039/c7ra09687a
https://doi.org/10.1051/epjap:2002043
https://doi.org/10.1016/j.jmrt.2015.10.005
https://doi.org/10.1016/s0921-4526(01)00392-1
https://doi.org/10.1016/j.apmt.2019.100532
https://doi.org/10.1016/j.apmt.2019.100532
https://doi.org/10.30970/jps.22.3301
https://doi.org/10.1016/j.synthmet.2021.116713
https://doi.org/10.1016/j.synthmet.2021.116713
https://doi.org/10.1016/j.optmat.2019.04.032
https://doi.org/10.1016/j.optmat.2019.04.032
https://doi.org/10.1016/j.ijleo.2022.169875
https://doi.org/10.1016/j.ijleo.2022.169875

19. Perdew, J. P., Ruzsinszky, A., Csonka, G. I., Vydrov, O. A., Scuse-
ria, G. E., Constantin, L. A. et al. (2008). Restoring the Density-Gradi-
ent Expansion for Exchange in Solids and Surfaces. Physical Review
Letters, 100 (13). https://doi.org/10.1103/physrevlett.100.136406

20. Ilchuk, H., Semkiv, I., Huminilovych, R., Yuryev, S., Rudysh, M.,
Kashuba, A. (2025). Effect of deposition time on the absorption spec-
tra of CdS nanostructured films. Journal of Physical Studies, 29 (3).
https://doi.org/10.30970/jps.29.3702

21. Ghobadi, N. (2013). Band gap determination using absorption spectrum
fitting procedure. International Nano Letters, 3 (1). https://doi.org/
10.1186/2228-5326-3-2

22. Kashuba, A. 1. (2023). Influence of metal atom substitution on the
electronic and optical properties of solid-state Cdg 75X 25Te (X= Cu,
Ag and Au) solutions. Physics and Chemistry of Solid State, 24 (1),
92-101. https://doi.org/10.15330/pcss.24.1.92-101

DOI: 10.15587/1729-4061.2025.341820

OPTIMIZATION OF Fe-Cr-Mn ALLOY COMPOSITION AS
IMPLANT MATERIAL FOR MECHANICAL PROPERTIES
AND CORROSION RESISTANCE (p. 25-35)

Ratna Kartikasari

Institut Teknologi Nasional Yogyakarta, Caturtunggal,
Depok, Sleman, DIY, Indonesia

ORCID: https://orcid.org/0000-0001-7601-0430

Sugiarto Kadiman

Institut Teknologi Nasional Yogyakarta, Caturtunggal,
Depok, Sleman, DIY, Indonesia

ORCID: https://orcid.org/0009-0002-9574-3079

Rivan Muhfidin

Institut Teknologi Nasional Yogyakarta, Caturtunggal,
Depok, Sleman, DIY, Indonesia

ORCID: https://orcid.org/0000-0002-1713-1782

Thwanul Aziz

National Research and Innovation Agency (BRIN),
Caturtunggal, Sleman, Yogyakarta, Indonesia
ORCID: https://orcid.org/0000-0002-6382-6032

The object of this study is Fe-Cr-Mn stainless steel alloys con-
taining 0.23-0.41 wt.% C and 17.59-18.36 wt.% Cr with varying Mn
content. The development of nickel-free stainless steels addresses the
drawbacks of conventional implant materials such as titanium alloys,
Co-Cr alloys, and AISI 316L stainless steel, which often suffer from
biocompatibility issues, toxicity, and mechanical incompatibility with
bone. The Fe-Cr-Mn alloys were produced by high-frequency induc-
tion melting and subsequently tested for microstructure, mechanical,
wear, and corrosion properties. SEM-EDS revealed a transition from
ferritic structure (2.5% Mn) to duplex a+y (5% Mn) and predominant-
ly austenitic structure (7.5% Mn). Mechanical testing showed that
hardness and tensile strength peaked at 2.5% Mn, while ductility and
impact toughness improved with increasing Mn, reaching their high-
est values at 5% Mn. Wear resistance increased significantly at higher
Mn levels due to the formation of stable tribo-oxides and the strength-
ening effect of the austenitic matrix. Electrochemical testing in 0.9%
NacCl solution showed that Fe-18Cr-5Mn possessed the best corrosion
resistance, attributed to the stability of its passive film, while exces-
sive Mn (7.5%) caused passivation breakdown through Mn-hydroxide
formation. Overall, Fe-18Cr-5Mn exhibited the best synergy between
strength, toughness, wear resistance, and corrosion protection under
physiological saline conditions, establishing it as a promising nickel-
free stainless steel for next-generation biomedical implant materials.

Keywords: Fe-Cr-Mn alloys, implant materials, microstructure,
mechanical properties, corrosion resistance, biocompatibility.

10.

11.

12.

13.

14.

15.

References

. Borgioli, F., Galvanetto, E., Bacci, T. (2021). Surface Modification of a

Nickel-Free Austenitic Stainless Steel by Low-Temperature Nitriding.
Metals, 11 (11), 1845. https://doi.org/10.3390/met11111845

. Pani, R, Behera, R. R., Roy, S. (2023). Corrosion Behaviour of Metallic

Biomaterials in Physiological Environments. Handbook of Research
on Corrosion Sciences and Engineering, 246-273. https://doi.org/
10.4018/978-1-6684-7689-5.ch009

. Radice, S., Neto, M. Q., Fischer, A., Wimmer, M. A. (2021). Nickel-free

high-nitrogen austenitic steel outperforms CoCrMo alloy regarding
tribocorrosion in simulated inflammatory synovial fluids. Journal of Or-
thopaedic Research, 40 (6), 1397-1408. https://doi.org/10.1002/jor.25174

. Ansary, S., Mondal, S., Sekh, M., Haque, R., Haidar, S. (2022). Indig-

enous Production of Porous 316L through Powder Metallurgy and
Investigation of their Mechanical Properties. Key Engineering Materi-
als, 933, 32-41. https://doi.org/10.4028/p-2fqtl1

. Patnaik, L., Ranjan Maity, S., Kumar, S. (2020). Status of nickel free

stainless steel in biomedical field: A review of last 10 years and what
else can be done. Materials Today: Proceedings, 26, 638-643. https://
doi.org/10.1016/j.matpr.2019.12.205

. Xu, S, Gao, F., Han, J,, Xiong, S., Duan, X., Zha, F., Yu, B. et al. (2022).

Corrosion Behaviors of Fe-22Cr-16Mn-0.55N High-Nitrogen Aus-
tenitic Stainless Steel in 3.5% NaCl Solution. Coatings, 12 (11), 1769.
https://doi.org/10.3390/coatings12111769

. Jiang, G., Wu, M., Yang, X., Wang, H., Zhu, Y. (2024). Effect of Mn ad-

dition on microstructure and mechanical properties of GX;oCrNiSiys.1»
austenitic heat resistant steel. China Foundry, 21 (3), 205-212. https://
doi.org/10.1007/541230-024-3134-6

. Nayak, C., Anand, A., Kamboj, N., Kantonen, T., Kajander, K., Tupa-

la, V. et al. (2024). Tribological behavior and biocompatibility of novel
Nickel-Free stainless steel manufactured via laser powder bed fusion
for biomedical applications. Materials & Design, 242, 113013. https://
doi.org/10.1016/j.matdes.2024.113013

. Xu, N., Chen, G., Zhang, Q., Hu, H., Xu, G. (2025). Study on the

Deformation Behavior and Mechanical Properties of Lightweight
Economic Stainless Steels with Varying Al and Mn Contents. Journal
of Manufacturing and Materials Processing, 9 (7), 206. https://doi.org/
10.3390/jmmp9070206

Patra, S., Agrawal, A., Mandal, A., Podder, A. S. (2021). Characteristics
and Manufacturability of Duplex Stainless Steel: A Review. Transactions
of the Indian Institute of Metals, 74 (5), 1089-1098. https://doi.org/
10.1007/s12666-021-02278-7

Li, Z., Luo, H., Hou, L., Zhao, Q., Wang, X., Chang, Y. (2025). Effect
of Mn addition on the corrosion behavior of FeCrNiMn Si alloys in
simulated seawater environment. Corrosion Science, 252, 112978.
https://doi.org/10.1016/j.corsci.2025.112978

Hsu, K.-M., Chien, W.-L., Lin, C.-S. (2023). The improved stability and
corrosion resistance of the passive film on Mn-containing FeCrNiCoMnx
high entropy alloys by multiple pickling. Journal of Alloys and Com-
pounds, 962, 171141. https://doi.org/10.1016/jjallcom.2023.171141
Wang, Z., Yan, Y., Wu, Y., Zhang, Y., Zhao, X., Su, Y., Qiao, L. (2023).
Recent research progress on the passivation and selective oxidation
for the 3d-transition-metal and refractory multi-principal element
alloys. Npj Materials Degradation, 7 (1). https://doi.org/10.1038/
$41529-023-00410-0

Kartikasari, R., Kadiman, S., Muhfidin, R., Aziz, I., Triyono, T.
(2024). Development of Fe-Cr-C alloys with high Mn content for
bone implant. Eastern-European Journal of Enterprise Technologies,
5(12(131)), 31-38. https://doi.org/10.15587/1729-4061.2024.312442
Kartikasari, R., Subardi, A., Muhfidin, R., Aziz, I, Effendy, M., Tri-
yono, T., Diharjo, K. (2023). Development of Fe-13.8Cr-8.9Mn alloy for
steel biomaterials. Eastern-European Journal of Enterprise Technolo-
gies, 6 (12(126)), 6-15. https://doi.org/10.15587/1729-4061.2023.293009


https://doi.org/10.3390/met11111845
https://doi.org/10.4018/978-1-6684-7689-5.ch009
https://doi.org/10.4018/978-1-6684-7689-5.ch009
https://doi.org/10.1002/jor.25174
https://doi.org/10.4028/p-2fqtl1
https://doi.org/10.1016/j.matpr.2019.12.205
https://doi.org/10.1016/j.matpr.2019.12.205
https://doi.org/10.3390/coatings12111769
https://doi.org/10.1007/s41230-024-3134-6
https://doi.org/10.1007/s41230-024-3134-6
https://doi.org/10.1016/j.matdes.2024.113013
https://doi.org/10.1016/j.matdes.2024.113013
https://doi.org/10.3390/jmmp9070206
https://doi.org/10.3390/jmmp9070206
https://doi.org/10.1007/s12666-021-02278-7
https://doi.org/10.1007/s12666-021-02278-7
https://doi.org/10.1016/j.corsci.2025.112978
https://doi.org/10.1016/j.jallcom.2023.171141
https://doi.org/10.1038/s41529-023-00410-0
https://doi.org/10.1038/s41529-023-00410-0
https://doi.org/10.15587/1729-4061.2024.312442
https://doi.org/10.15587/1729-4061.2023.293009
https://doi.org/10.1103/physrevlett.100.136406
https://doi.org/10.30970/jps.29.3702
https://doi.org/10.1186/2228-5326-3-2
https://doi.org/10.1186/2228-5326-3-2
https://doi.org/10.15330/pcss.24.1.92-101

20.

21,

22.

23.

24.

25.

26.

217.

28.

29.

30.

. Ladani, L., Palmieri, M. (2024). Review of the Use of Metals in

Biomedical Applications: Biocompatibility, Additive Manufacturing
Technologies, and Standards and Regulations. Metals, 14 (9), 1039.
https://doi.org/10.3390/met14091039

. Romanczuk-Ruszuk, E., Krawczynska, A., Lukaszewicz, A., Joz-

wik, J., Tofil, A., Oksiuta, Z. (2023). Bioactivity, Cytotoxicity, and Tri-
bological Studies of Nickel-Free Austenitic Stainless Steel Obtained
via Powder Metallurgy Route. Materials, 16 (24), 7637. https://doi.org/
10.3390/mal6247637

. Bosch, J., Martin, U., Aperador, W., Bastidas, J. M., Ress, J., Basti-

das, D. M. (2021). Corrosion Behavior of High-Mn Austenitic Fe-Mn-
Al-Cr-C Steels in NaCl and NaOH Solutions. Materials, 14 (2), 425.
https://doi.org/10.3390/ma14020425

. Jung, J., Ma, B. (2002). Pat. No. US8043446B2. High manganese

duplex stainless steel having superior hot workabilities and method
manufacturing thereof. Available at: https://patents.google.com/
patent/US8043446B2/en

Yu, K. P, Jiang, H., Xu, X. Y., Huang, M. X. (2024). Design of corro-
sion-resistant alloys for preventing oxidation-induced nanoscale Cr-
depletion by inclusion engineering. Materials & Design, 244, 113146.
https://doi.org/10.1016/j.matdes.2024.113146

Eliaz, N. (2019). Corrosion of Metallic Biomaterials: A Review. Mate-
rials, 12 (3), 407. https://doi.org/10.3390/ma12030407

Rybalchenko, O., Anisimova, N., Martynenko, N., Rybalchenko, G.,
Belyakov, A., Shchetinin, 1. et al. (2023). Biocompatibility and Degrada-
tion of Fe-Mn-5Si Alloy after Equal-Channel Angular Pressing: In Vitro
and In Vivo Study. Applied Sciences, 13 (17), 9628. https://doi.org/
10.3390/app13179628

Ribeiro, J. J. K., Turin, A. R., Nufiez de la Rosa, Y. E., Quad-
ros, P. V. C. A., Calabokis, O. P., Lepienski, C. M. et al. (2023). Me-
chanical Characterization at Nanoscale of Austenite, Ferrite, and Sig-
ma Phases via Hardness Measurement and Fretting Wear Behavior of
a Duplex Stainless Steel. Metals, 13 (5), 864. https://doi.org/10.3390/
met13050864

Omiogbemi, I. M.-B., Yawas, D. S., Das, A., Afolayan, M. O., Dauda, E. T.,
Kumar, R. et al. (2022). Mechanical properties and corrosion behaviour
of duplex stainless steel weldment using novel electrodes. Scientific Re-
ports, 12 (1). https://doi.org/10.1038/s41598-022-26974-6

Liu, S, Ge, Y., Liu, H., Liu, J., Feng, Y., Chen, C., Zhang, F. (2022). Ten-
sile Properties and Microstructure Evolutions of Low-Density Duplex
Fe-12Mn-7Al-0.2C-0.6Si Steel. Materials, 15 (7), 2498. https://doi.org/
10.3390/ma15072498

Yan, X., Wu, Y., Zhang, M., Liu, S., Sun, L., Feng, Y. (2022). Micro-
structure Evolution and Mechanical Properties of Ferrite-Austenite
Duplex Fe-Mn-Al-(Cu)-C Steel under Different Annealing Tempera-
tures. Materials, 15 (22), 8271. https://doi.org/10.3390/ma15228271
Zhang, C., Bao, X., Hao, M., Chen, W., Zhang, D., Wang, D. et al.
(2022). Hierarchical nano-martensite-engineered a low-cost ultra-
strong and ductile titanium alloy. Nature Communications, 13 (1).
https://doi.org/10.1038/s41467-022-33710-1

Du, C., Wang, X. (2025). Intergranular precipitation evolution and
its effect on the impact toughness of Super304H austenitic stainless
steel weld metal during long-term aging at 650°C. Journal of Materi-
als Research and Technology, 36, 7304-7317. https://doi.org/10.1016/
j.jmrt.2025.04.312

Misra, R. D. K. (2023). A perspective in the understanding of
strength-toughness combination during processing of engineering
ferrous alloys. Materials Technology, 38 (1). https://doi.org/10.1080/
10667857.2023.2278000

He, J,, Lv, J., Song, Z., Wang, C., Feng, H., Wu, X. et al. (2023). Main-
taining Excellent Mechanical Properties via Additive Manufacturing
of Low-N 25Cr-Type Duplex Stainless Steel. Materials, 16 (22), 7125.
https://doi.org/10.3390/ma16227125

31. Maier, A, Riihr, M., Stephan, M., Frankl, S., Roth, S., Schmidt, M. (2023).
Tailoring material properties of duplex stainless steel by DED-LB/M
and in situ alloying with elemental powders. Journal of Laser Applica-
tions, 35 (4). https://doi.org/10.2351/7.0001119

32. Ma, H., Zhao, Y., Feng, Y., Yu, Z., Sun, J., Song, H. et al. (2024). Effect
of Mn content on corrosion and mechanical behaviors of Fe-based
medium entropy alloy. Journal of Materials Research and Technology,
30, 5632-5651. https://doi.org/10.1016/j,jmrt.2024.04.246

DOI: 10.15587/1729-4061.2025.341529

DETERMINING THE PROPERTIES OF GAS TURBINE
ENGINE COMPONENTS MANUFACTURED FROM VTé6
TITANIUM ALLOY POWDER (TI-6AL-4V) BY USING
ADDITIVE ELECTRON BEAM TECHNOLOGY (p. 36-46)

Vladyslav Matviichuk

E. O. Paton Electric Welding Institute

of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-9304-6862

Vladimir Nesterenkov

E. O. Paton Electric Welding Institute

of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-7973-1986

This study considers components manufactured by additive
electron beam manufacturing (EBM) from Ti-6Al-4V (VT6) titanium
alloy powder. This material is one of the most widely used in air-
craft engine production due to its combination of high weldability,
strength, as well as resistance to fatigue loading. The task addressed is
to achieve consistently high density, structural uniformity, and stable
operational properties in gas turbine engines (GTEs) components
manufactured from VT6 alloy by the EBM method.

To fabricate specimens, a digital model was constructed in Ma-
terialise Magics, while layer-by-layer analysis and optimization of
process parameters were carried out in Simufact Additive. Using the
EBM process, experimental specimens were produced, including four
GTE blades, a turbine wheel, and control samples.

The chemical composition confirmed full compliance of the
parts with the VT6 (Ti-6Al-4V) alloy standard. The microstruc-
ture is characterized by a lamellar a’-phase with a minor fraction
of B-phase; the a-phase exhibits an acicular morphology with crystal
thickness ranging from 0.5 to 1.5 um. A uniform distribution of al-
loying elements, as well as the absence of segregation and porosity,
was observed. The average microhardness value HV;o, was deter-
mined to be 3.71 GPa.

The results confirmed that the manufactured parts met the
requirements for GTE components, demonstrating high density,
strength, and operational reliability. The integration of simulation
with subsequent EBM fabrication, optimization of process param-
eters, and the use of produced VT6 powder enabled the production of
parts with zero porosity and stable microstructure. The components
also showed controlled texture and high geometric accuracy. This
confirms the effectiveness of the proposed approach and highlights
its potential for scaling into serial production of critical components
with predictable performance characteristics.

Keywords: additive electron beam technology, VT6 alloy, Ti-6Al-4V,
gas turbine engine, properties.
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Based on scanning electron microscopy, micro-X-ray spectral
analysis, and microhardness measurement, the properties of the
welded joint material in a copper and chromium joint were investi-
gated. The joint was obtained by electron beam welding by preheating
one of the metals while removing additional heat supply from the
other. It was established that a moving electron beam leads to the
formation of different types of microstructure in the alloy material
with significant concentration heterogeneity: quasi-dendritic; linearly
elongated; scaly; cellular; quasi-spherical.

Welding with a stationary, linearly deployed along the joint,
electron beam with preheating of one of the metals and providing
additional heat removal from the other enables the formation of a
concentrically uniform weld with a quasi-spherical microstructure of
copper-chromium eutectic.

The directional nature of the copper-based grains, which are
elongated in the direction across the welded joint, which corresponds
to the direction of additional heat removal from one of the welded
metals, was revealed. The material obtained by a stationary, linearly
deployed along the joint, electron beam under the mode U, = 60 kV,
I, = 40 mA, P = 5-1073 Pa for a duration of 7 seconds with preheating
of chromium to 900°C and providing additional heat removal from
copper was determined as the alloy material of the welded joint be-
tween copper and chromium with an optimal structure.

The results could be used while making copper-chromium joints
by fusion welding in a vacuum with regulation of the speed of move-
ment and focusing of the source of thermal energy supply.

Keywords: weld, electron beam welding, microstructure, eutec-
tic, phase formations, temperature gradient.
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OIITUMI3ALIA IIOPHUCTOI'O OPTAHIYHOI'O KOHAEHCATOPA HA OCHOBI JIMCTSA BATACH 3
BHKOPHCTAHHSIM METOAY TAI'VYI (c. 6-18)

Nasir Widha Setyanto, Sugiono Sugiono, Yudi Surya Irawan, Willy Satrio Nugroho, I Nyoman Gede Wardana

O6>€KTOM I[bOTO OCJI/PKEHHS € ByIJIelleBi opraHiyHi KOHAEHCATOPU, OTPUMAaHi 3 JIMCTS 6aracy 3 IyKpoBoro 3aBogy Ke6oH Arynr, Ma-
saHr, [xasa-TiMyp, sKi CTy»aTh €KOJIOTiYHO YHCTUM MaTepiaJoM-TionepefHUKoM. IIpo6aeMa onTuMizariil MPogyKTUBHOCTI OpTraHiYHUX
KOH/IEHCATOPiB Ha OCHOBI JIMCTS yKOMa Oys1a 3HAUHOIO IEePEIKOI0I0 Ha NUIAXY PO3BUTKY €KOJIOIiYHUX €JeKTPOHHHMX KOMITOHEHTIB. Ile mo-
CJT/PKeHHST Ma€e Ha MeTi PO3pOOUTH CTPYKTYPY SIKOCTi [Tl CUHTe3y IIUX KOH/IEHCATOPiB IISIXOM CHCTeMaTUYHOI ONTUMi3allil mapameTpiB 3a
noromororo Metofy Tarydi. TpaguniliHi METOAM 4acTO IPU3BOJATH A0 HENOC/TiOBHOI IPOAYKTUBHOCTI Ta BUCOKOI MiHJIMBOCTI, 1110 YCKJIAZHIOE
JIOCATHEHHs Ha/lillHUX pe3y/bTaTiB. 3aCTOCOBYIOUM OPTOrOHAJBHUI MacuB Tarydi, Iie JOC/Ii/PKeHHsl BU3HAYMJIO KJIF0Y0Bi (haKkTOpy Ta ONTH-
MaJsbHi piBHi, e()eKTUBHO 3MEHIIyIUN eKCTIIepUMEHTaIbHI 3yCHIIs, 3a6e3Medyoun HaiifHy IpoAyKTHBHICTh. Kap6oHisaliiro sucts 6aracu
TIPOBOAIMJIN 32 JIOIIOMOT'OFO IIPSIMOTO CHAJIIOBAaHHSI PO3YMHHMKOM i 70% METaHOJy SIK PiJKUX NMaJbHUKIB. BUIIPOOYBaHHS €MHOCTI ITOKa3aIn
cTabinbHi 3HaUeHHs B Aianas3oHi Bifg 0,8897 HO 10 0,9281 HO mif yac BUMIPoOyBaHb, IEMOHCTPYIOUHN TOCIJOBHY Ta BiJTBOPIOBAHY ITOBEJiHKY.
OuiHKa TeIUIOBOTO IIIyMy IT0Ka3ajIa He3Ha4Hi KOJIMBAaHHSA TeMItepaTtypH (Bif 69,01°C o 72,01°C), 1m0 BKasye Ha BILUIUB TEMITEPATypH Ha PyXJIN-
BICTb €JIEKTPOHIB Y /lieIeKTPUYHUX MaTepianax. CUcTeMaTHuHU# nifxig Metopy Taryui MiHiMi3yBaB BapiaGesIbHICTb i MiBUIIMB HaAiiHICTD
KOH/IEHCATOPiB 3a Pi3HUX TeMIIepaTypHUX YMOB. 30cepe/pKeHICTh METOAy Ha Ha/iifHOCTi Ta KOHTPOJI SKOCTi 3abe3eunsia y3rojpkeHi 3Ha-
YeHHs €MHOCTI Ta ITOKpalluIa 3arajbHy IPOAyKTUBHICTh KOHZEHCAaTOpa. Y MOPiBHAHHI 3 TpafULiTHUMU MeToaMu, MeToZ Tarydi nmosermus
peTesibHe JOCTiHKEHHS IIPOCTOPY AM3aHY 3 MEHILOIO KiJIbKiCTIO €KCIIEPUMEHTIB. 1le 10Ci/pKeHHS MiIKPeCII0e BAXKJINBICTh CUCTEMAaTUIHOL
onTUMi3alii KOHCTPYKIil KOHAEHCATOPiB, IIPOIIOHYIOYM HaJiMHUI NUIAX /1A iHTerpanii cTilKkuX MaTepiaJliB y epefjoBi eJIeKTPOHHI KOMIIO-
HEeHTH. Pe3ysbTaTHl JaloTh IiHHY iH(OopMaIllito IIpo BILUIMB Pi3HUX MapaMeTpiB Ha MOKA3HUKU IIPOJYKTUBHOCTI, CIPUSIIOYN PO3POOLi BUCOKO-
SIKICHMX OpraHiYHUX KOHZEHCATOPiB.

Kurrouosi cioBa: mertoy Tarydi, 6aracoBuii JINCT, OpraHiYHNN KOHZEHCATOP OKCH/J, 0JIOBA, ieJIeKTPUYHUI MaTepiaJl.
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BU3HAYEHHS EHEPTETUYHUX BJIACTUBOCTEMH IUIIBKU Cdl, EKCHEPUMEHTAJIBHUM I
TEOPETUYHUM METOJAMM (c. 19-24)

M. B. CosoBIioB, I. B. CemKkiB, A. I. Kamry6a

O6’exroM focmimpreHHs € criomyka Cdl,, sika aKkTUBHO BUKOPUCTOBYETHCS SIK KOMITIOHEHTA CIIUHTUJISILIWHIX I€TEKTOPIB JIsI BUSBIEHHS
BUITPOMIHIOBaHHS O-4aCTUHOK. Po6oTa cIipsMOBaHA Ha BUPIIIEHHsS MPOGIEMATUKH KOPeJIslii MK eKCIIepUMEeHTAIbHUIMHU Pe3y/IbTaTaMH i
TEOPETUYHO BU3HAYeHUMH NapameTpamu IliBku Cdl,. OZHUM 3 OCHOBHHUX 3aBJaHb JOCJIi/KeHHsI 3a3HAU€HOro MaTepially € BU3HAuYeHHS
H0T0 eJIeKTPOHHOI CTPYKTYPH Ta ONTHYHUX BiacTuBocTei. IlmiBky Cdl, 6ys10 OTpHMaHO IJISIXOM CKOJTFOBAaHHS 3 06’ €MHOTO 3paska. CepefHs
ToBIIMHA ITiBKU CdI, cTaHOBUTH 2 MKM. OntryHi BiacTuBocTi IiiBku Cdl, mocifkyBanucs npy KiMHaTHINM TeMmIepaTypi 3a [JOIIOMOIOI0
ONTUYHMX CIIEKTPiB MOITTMHAHHSA. MeTo/| alTpOKCHUMAILii CIIeKTPy MOTTTMHAHHSA GyJI0 3aCTOCOBAHO /IS OLiHKY ONTUYHOI IIUPUHHU 3a60pOHEHOT
30HU Ta eHeprii Yp6axa Toscroi mwiBku Cdl,. Ileit MeToz BUMarae Jiviie BUMipIOBaHHS CIIEKTPY ITOIVIMHAHHS Ta YKOJHOI A0AATKOBOI iH(pop-
Marii, Takof sIK: TOBIIMHA IUTiBKY a60 CIIeKTp BigOUTTS. ONTUYHA IIHPHHA 3a00pOHEHOI 30HU Ta eHepris Ypbaxa, oTpuMana is 1tiBku Cdl,,
craHoBmia 3,05 eB ta 5,17 eB, BianmosigHo. [t Cdl, ZOCTipKyeThCS eIeKTPOHHA 30HHA CTPYKTypa Ta €eHepreTHYHi BJIacTUBOCTI. Jluctepcist
€HEepPreTUYHUX 30H B3/J0BXX BUCOKOCUMETPUYHMX TOUOK 30HU BpijuitoeHa Ta MIiIbHICTh eJIEKTPOHHUX CTaHiB Gy/I0 BU3HAYEHO 3a JO0IIOMOTIO0
y3araJbHeHOro rpajjieHTHoro HabmmwkeHHs (GGA). ByB Bukopuctanuii ¢yHkuionan Ilepppio-Bepka-EpHieproda ams TBepaux T (PBEsol).
Ha ocHoBi Aucniepcii eHepreTUUHUX 30H OyJI0 BU3HAUEHO [IePeBAYKAIOUUI TUII IIPOBIHOCTI B IOC/Ii/PKyBaHUX MaTepiaax. Y3roJpkeHiCTb Teo-
PETUYHUX | eKCIIepUMeHTAIbHUX ITapaMeTpiB € BUILOIO 32 pe3y/IbTaTH, IIpeJcTaBiieHi B JiTeparypi. Lle 03BOAUTH BUKOPUCTATH crioayKy Cdl,
B SIKOCTi MOZIEJTIOIOUHX 3pa3KiB, 30KpeMa /ISl MOIIYKY Ta IIPOeKTyBaHHS HOBUX KPUCTAIiB. BCTaHOBJIEHI TapaMeTpu MOXKYTh 6YTH BUKOPHCTAH{
TIpU po3po6I1ii KOMIIOHEHT CUHTUJIALIIHOTO JleTeKTopa.

Kurrouogi coBa: 3a60poHeHa 30Ha, eHepris Ypbaxa, CHEeKTPH ONTUYHOTO ITOJIMHAHHS, Teopis (PyHKI[IOHAIY TYCTHHH.
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ONTUMIBALIA CKJIAAY CIVIABY Fe-Cr-Mn K MATEPIAJIY JJ1S1 IMIIJIAHTATIB 3 TOYKH 30PY MEXAHIYHUX
BJIACTUBOCTEM TA KOPO3IMHOI CTIMKOCTI (c. 25-35)

Ratna Kartikasari, Sugiarto Kadiman, Rivan Muhfidin, Thwanul Aziz

OG6>EKTOM I[HOT'0 JOCTIPKEHHS € CIUIaBU Hepikapitouoi craii Fe-Cr-Mn, 1o mictars 0,23-0,41 mac.% C ta 17,59-18,36 mac.% Cr 3 pisHUM
BMicToM Mn. Po3po6ka 6e3HiKeseBUX HEP)KaBiIOUMX CTaslell ycyBae HeZOMIKHM TPaAULIiTHUX MaTepiasliB /Il iMIUIaHTATiB, TAKUX SIK TUTAHOBI
crutaBy, crutaBu Co-Cr Ta Hepkasitoua crtasb AISI 316L, siki yacTo MarOTh Ipo6sieMH 6i0CyMiCHOCTI, TOKCMYHOCTI Ta MeXaHi4YHOI HecyMic-
Hocti 3 kicrkoro. CrimaBu Fe-Cr-Mn Gy BUTOTOBJIEHI METOJOM BHCOKOYACTOTHOTO iHAYKIIIHOrO IIABJIEHHS, a IOTIM BUIIPOOyBaHi Ha
MiKpPOCTPYKTYPY, ME€XaHiqHi BJIaCTHBOCTI, 3HOCOCTIHKicTh Ta KoposifiHicTe. SEM-EDS BusIBUB Iiepexif Bif peputHoi cTpykTypH (2,5% Mn) o
JymiekcHoi a+y (5% Mn) Ta IiepeBaXKHO aycTeHIiTHOI cTpykrypu (7,5% Mn). MexaHiuHi BUIIpoGyBaHHS I10Ka3aJId, 10 TBEPIiCTh Ta Mil[HiCTb



Ha PO3PUB AOCAIIN MHiKy IpH 2,5% Mn, TOAI AK IUIACTUYHICTD Ta yapHa B’S3KiCTh MOKpAIyBaIHCs 3i 36LIbIIeHHSIM Mn, 0CAraoun CBOixX
HaMBUIINX 3HaYeHb IPU 5% Mn. 3HOCOCTIMKICTh 3HAUHO 3pocTajia MpY BUIIMX PiBHSAX Mn 3aBJsKH yTBOPEHHIO CTaGLIBHUX TPUOOOKCHU/IIB
Ta 3MiIHIOBAaJIbHOMY edeKTy aycTeHiTHoi Marpuri. Enexrpoximiuni BumnpoGyBaHHs B 0,9% posunHi NaCl mokasanu, mo Fe-18Cr-5Mn mae
HalKpaly KOpo3iiiHy CTiHKiCTb, 10 MOSICHIOEThCS CTAGLIBHICTIO HOro MacUBHOI IUIIBKH, TOAI sIK HaaMipHUI BMicT Mn (7,5%) cipuduHse
MacuBallifiHe pyiiHyBaHHs Yepe3 yTBOPeHHs rifpokcuay Mn. 3araioM, Fe-18Cr-5Mn poieMOHCTPYBaB HAKpallly CUHEPrilo MK MillHICTIO,
B’SI3KICTIO, 3HOCOCTIMKICTIO Ta 3aXMCTOM BiJf KOp03ii B yMoBax (hiziosorivHoOro po3unHy, 1o poGUTh HOro MepcHeKTHBHOI0 Ge3HiKeIeBOIo He-
PKaBir040I0 CTAJLIIO /7151 6i0OMEAMYHUX MaTepiasiB I iIMIUIaHTaTiB HACTYIIHOTO TIOKOJIiHHS.

Kurrouosi cioBa: crimasu Fe-Cr-Mn, MaTepiain fyist iMIUIaHTATIiB, MiKPOCTPYKTypa, MeXaHidHi BJIACTHBOCTI, KOpo3iiiHa CTiliKicTb, 6io-
CYMiCHICTb.
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BU3HAYEHHS BJIACTUBOCTEM KOMIIOHEHTIB FA30TYPBIHHOTI'O JIBUT'YHA, BUTOTOBJIEHHUX 3A
AZIUTUBHOIO EJIEKTPOHHO-ITIPOMEHEBOIO TEXHOJIOTIEIO 3 IIOPOIIKIB TUTAHOBOI'O CILIABY
BT6 (Ti-6Al-4V) (c. 36-46)

B. A. Martsiituyk, B. M. HecrepeHkoB

OG’€KTOM JIOCTI/PKEHHSI € BUPOOY, BUTOTOBJIEH] 32 aJIUTHBHOIO €JIEKTPOHHO-IIPOMeHeBOI0 TexHosiorieto (EBM) 3 MOpOIIKYy TUTAaHOBHX
crutaBiB BT6 (Ti-6Al-4V). Lleit martepias € OfHUM i3 HaWTOMIMPEHININX Y BUPOOHUIITBI aBial[iifHUX ABUTYHIB 3aBASIKH [TOEJHAHHIO BHCOKOI
3BapIOBAHOCTI, MiIHOCTi Ta CTIHKOCTi /[0 BTOMHUX HaBaHTa)KeHb. HeBUpillIeHO!o € ITpo6sieMa KOMITJIEKCHOTO 3a0e31eueHHs BUCOKOI I[iIIbHOC-
Ti, OFHOPIZHOCTI CTPYKTYpPH Ta CTAGLIBHOCTI eKCIUIyaTal[iifHUX BJIACTUBOCTEH KOMITIOHEHTIB ra3otyp6inuux asurynis (I'T) i3 crtaBy BT6,
BUT'OTOBJIEHUX MeTOZ0M EBM.

JI71s1 BATOTOBJIEHHS 3pa3KiB CTBOPEHO KOMIT IOTEPHY Mofie/b y Materialise Magics, a momaposuii aHasti3 i ontuMizaliiro mapameTpis mpolie-
cy BUKOHaHO y Simufact Additive. 3a TexHosorieto EBM Ha/IpyKOBaHO AOCJIi/IHI 3pa3Ku: YOTHpH JionaTtku 'T]], kosieco Typ6iHU Ta KOHTPOJIbHI
3pasky. XiMiUHMI CKJIaZ MiITBEpAUB BiANOBigHICTS BUPOGIB crutaBy BT6 (Ti-6Al-4V). MikpoCTpyKTypa XapaKTepU3yeThCS IJIACTHHYACTOIO
a’-(ha3or0 3 HE3HAYHO KUIBKICTIO 5-(as3y; a-tha3a Mae romgacty Mopgosioriro ToBiuHOW0 0,5-1,5 MKM. BcTaHOBJIEHO piBHOMIpHUIT pO3IIOZLT
JIETYIOYHMX €JIEMEHTIB, BifICYTHICTB cerperanii i mopucrocti. CepefiHe 3Ha4YeHHs MikpoTBepAocTi HV,gy cranoBuTs 3,71 I'Tla.

OTpuUMaHi pe3y/IbTaT IiJTBEPUJIU, 1110 BUTOTOBJIEHI JieTalli BiZilIOBiat0Th BUMOIaM 10 KOMIIOHeHTiB I'T/]: BUCOKa IIi/IbHICTb, MiLIHICTh
Ta eKCIUTyaTaliiiHa Ha/iftHicTe. IHTerparis nudpoBoro MosieTI0BaHHS 3 MOAAIBIINM APYKOM 3a TexHosoriero EBM, onTuMmisanis mapameTpis
Ta BUKOPUCTaHHS INopomKy BT6 3abe3rednsiv OTpUMaHHSI BUPOGIB 3 HY/IOBOIO ITOPUCTICTIO, CTAaGiIbHOI0 MiKPOCTPYKTYPOIO, KEPOBAHOO
TEKCTYpPOIO Ta BUCOKOIO T€OMETPUYHOIO ToUHicTIO. Lle miATBepmKye eeKTUBHICTD MiAXOAY Ta BiIKpHUBa€e MepCreKTUBY HOro MacIITabyBaHHS
y cepiifHOMy BUPOGHUIITBI BiITOBiZAIbHUX JleTasleil 3 TPOrHO30BAHUMHU XapaKTepUCTUKAMHU.

KurrouoBi c10Ba: aiUTUBHA €JIEKTPOHHO-IIPOMEHEeBa TeXHOJIOTis, cruiaB BT6, Ti-6Al-4V, ra3oTypGiHHMIA ABUTYH, BIACTUBOCTI.
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BU3HAYEHHS CTPYKTYPHUX OCOBJIMBOCTEM MATEPIAJLY 3’€ THAHHA XPOMY I MIJI, OTPUMAHOTO
EJIEKTPOHHO-ITIPOMEHEBUM 3BAPIOBAHHSM (c. 47-59)

E. JI. BpoxinkeBcebkuid, B. A. KocriH, T. I. TapaHoBa, A. K. 3Bopukina, B. JI. 3BopukiH, JI. O. 3BopHuKiH

OG6’eKT AOCTiZPKEHHS — 3BapHe 3’¢/IHaHHA MiJi i XxpoMy. BupinryBaacst mpo6siema 3abesmneueHHs popMyBaHHS 3’ €[HAHHSA Mifji i XxpoMy Ha
OCHOBi BU60OPY ONTHMAaJIBHOI CTPYKTYPH MaTepiajty 3BapHOro mBa. Ha 0CHOBi BUKOPHCTaHHS PacTPOBOI eJIeKTPOHHOI MiKPOCKOIIi1, MiKpOPEHT-
TeHOCIeKTPATIbHOTO aHaJIi3y Ta BUMIpIOBAHHS MiKpPOTBEPOCTi BUKOHAHO JIOCTI/KEeHHST BJIaCTUBOCTE MaTepiasy 3BapHOrO LIBa 3’ €AHAHHS
Mizi i xpoMy. 3’eTHAHHS OTPUMYBAJIOCH €IEKTPOHHO-TIPOMEHEBUM 3BaPIOBAHHSIM i 3aCTOCYBaHHSM IIOTIEPEAHBOTO ITiIirPiBy OHOTO 3 METaJIiB
i 3a0e3reuyeHHsIM JJ0/JaTKOBOT'O TEIUIOBIBOAY BiJ| iHIIIOr0. BCTaHOBJIEHO, 110 PyXOMUIl IIyYOK €JIEKTPOHIB 06YMOBIIIOE (DOPMYBaHHS Pi3HUX
TUIIB MiKPOCTPYKTypH B MaTepiasi 3BapHOrO LIBa 3i 3HAYHOIO KOHIIEHTPAL[iiHOI HEOLHOPIIHICTIO: KBa3i/leHAPUTHA; JIiHIHO BUTATHYTA;
JIycKaTa; KoMipkoBa; KBaszichepuuHa. 3BapioBaHHSI HEPYXOMUM, JIiHIIIHO PO3TOPHYTUM B3[0BX CTHKA, €JIEKTPOHHUM IIyYKOM 3 IOIepefHiM
migirpiBoM ofHOTO 3 MeTaJIiB i 3a6e3MeYeHHsIM [0ZJaTKOBOT'0 TEIIOBIIBOAY Bif iHIIOrO 3a6e31edye opMyBaHHS KOHIIEHTPAIii{HO OfHOPiAHO-
TO 3BapHOTO IIIBA 3 KBa3ic(hepUIHOI0 MiKpOCTPYKTYPOIO MiZTHO-XPOMOBOI €BTEKTHUKH. BUSBIEHO CIIPSIMOBAaHUI XapaKTep 3epeH Ha OCHOBI Mifi,
SIKi BUTATHYTI Y HaIIpsIMKy BIIOIIEpeK 3BapHOTO CTUKY, 1110 Bi/lIIOBi/jae CIIpsSIMyBaHHIO /I0JaTKOBOI'O TEIIOBiIBOAY Bifl OZHOTO 3i 3BapIOBaHUX
MeTasiiB. MaTtepiajoM IIBa 3BapHOTO 3’€JHAHHS Mifli i XpOMY 3 ONITHMAaJIbHOIO CTPYKTYPOIO BU3HAUYEHO MaTepiaJl, [0 OTPUMaHUI HEPYXOMUM,
JIHIAHO PO3rOPHYTUM B3/I0BXK CTHUKA, EJIEKTPOHHUM ITY4KOM 32 PEKUMOM Uy = 60 KB, I, = 40 MA, P = 5-107 T1a TpuBasIicTIO 7 CEKYH/ 3 T10-
nepeHiM mizirpiBom xpomMy o 900°C i 3a6e3rmeueHHsIM [JOAATKOBOTO TEIIOBIABOAY Bif Mifi. Pe3ysbraTii MOXKyTh OyTH BUKOPHCTaHi 32 yMOB
BUTOTOBJIEHHS MiZTHO-XPOMOBUX 3’€/IHAaHb 3BapIOBAHHIM IUIABJICHHSIM Y BaKyyMi 3 pery/IIOBaHHSM IIBUAKOCTI PyXy Ta (pOKyCcyBaHHS JyKepesia
Mi/IBe/JeHHs TEIUIOBOI €Heprii.

Kurro4oBi coBa: 3BapHUIA OB, €I€KTPOHHO-TIPOMEHEBEe 3BApPIOBAHHS, MIKPOCTPYKTYpa, €BTEKTHKA, (Pa30Bi yTBOpPEHHS:, TeMIlepaTypHHIt
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