DOI: 10.15587/1729-4061.2024.313452

DETERMINATION OF PROCESSING CONDITIONS FOR
A HEAT-RESISTANT SUPERALLOY USED IN TURBINE
ELEMENTS (p. 6-12)

Valerii Kotok

Ukrainian State University of Chemical Technology,
Dnipro, Ukraine

ORCID: https://orcid.org/0000-0001-8879-7189

Tatyana Butyrina

Ukrainian State University of Chemical Technology,
Dnipro, Ukraine

ORCID: https://orcid.org/0000-0002-0619-6783

Yuri Sknar

Ukrainian State University of Chemical Technology,
Dnipro, Ukraine

ORCID: https://orcid.org/0000-0002-1188-3684

Oksana Demchyshyna

Kryvyi Rih National University,

Kryvyi Rih, Ukraine

ORCID: https://orcid.org/0000-0002-0828-3311

Anna Liashenko

Kryvyi Rih National University,

Kryvyi Rih, Ukraine

ORCID: https://orcid.org/0000-0002-9285-9431

Irina Sukha

Ukrainian State University of Chemical Technology,
Dnipro, Ukraine

ORCID: https://orcid.org/0000-0002-5579-2047

A heat-resistant superalloy from destroyed special equipment
was used for further processing to extract valuable metals such as
rhenium, nickel, cobalt, tungsten, molybdenum, niobium, tantalum,
and others. The need to develop an effective method for the elec-
trochemical dissolution of this superalloy is due to the shortage and
high cost of the component metals, especially rhenium. The electro-
chemical dissolution method is effective for the rapid and complete
dissolution of such hard alloys, optimizing the extraction process of
valuable components.

In the course of the work, the composition of the unknown
superalloy was determined, and the possible grade of the alloy was
identified as JS32-VI. For the first time, a comparison of the an-
odic behavior of the heat-resistant superalloy containing rhenium
in various electrolyte solutions, including methanesulfonic acid, was
carried out. This comparison helped determine which electrolyte
is best suited for dissolving the superalloy and extracting valuable
metals from it.

The results showed that solutions containing chloride ions
(NaCl and HCI) are the most effective for the electrochemical
dissolution of the superalloy. These results are explained by the
fact that chloride ions help remove the passive oxide film from the
metal surface. Thus, chloride solutions provide more effective dis-
solution of the superalloy compared to methanesulfonic acid and
sulfuric acid.

The key finding of the study is the identification of chloride
solutions as the most effective for dissolving the superalloy, which
optimizes the process of extracting valuable metals. The application

of these methods will contribute to resource conservation and the
reduction of production costs, which is important for industries us-
ing such materials.

Keywords: turbine elements, electrochemical dissolution, meth-
anesulfonic acid, hydrochloric acid, sodium chloride, sulfuric acid.
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This paper presents the findings of a corrosion erosion failure
analysis of elbow pipe materials used to flow high-pressure water

from underground. The failed elbow pipe material was above the
wellhead forming a straight line in the longitudinal direction with
a pipe length of 6200 feet below the ground surface. The working
fluid in the elbow pipe was 25 % steam and 75 % water, flowing
in the elbow pipe with a media flow rate of 180 tons per hour, a
pressure of 22 bar, and a temperature of 220 °C. Elbow tubes were
made of low carbon steel with Standard ASTM A234 having an
outer diameter of 304.8 mm and a wall thickness of 9.271 mm.
Macroscopic testing, chemical composition analysis, metallo-
graphic testing, hardness testing, X-ray diffraction testing, SEM,
and EDS are a few of the test types conducted. The study’s find-
ings showed that the elbow tubes experienced a thinning process
on the inner wall of the outer curvature side with a rough and
wavy surface texture or appearance. This type of failure is known
as erosion-corrosion. The level of erosion-corrosion failure that
occurs is greatly influenced by the pH of the fluid being flowed
reaching 2.67-2.91, this is due to the very high CI" of 1290 ppm,
so the higher the rate of erosion-corrosion that occurs. These
materials are the most popular and widely used in the oil and gas
sector. However, this pipe has weaknesses because it is susceptible
to erosion-corrosion Therefore, it is very important to choose
the right material, namely, a material that is resistant to erosion-
corrosion.

Keywords: corrosion erosion, elbow pipe, turbulence, tuber-
cles, fibrous fractures, thinning thickness.
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The object of this study is the structural and phase transfor-
mations during the carbon reduction of tungsten high-speed steel
slag in order to obtain a resource-saving alloying additive. The
problem is the loss of precious elements when obtaining and us-
ing alloying material from man-made raw materials. Solving the
problem is related to the definition of technological parameters
to enable the reduction of losses of the corresponding elements.
As a result of increasing the degree of scale reduction from 33 %
to 72 % and 85 %, the strengthening of the manifestation of the
solid solution of carbon and alloying elements in a-Fe relative to
FeWO,, FeO and Fe30, was revealed. Fe3C, WC, W,C, FeW3C,
F€3W3C, FEGW6C, VC, Vzc, CI‘3C2, CI‘7C3 and CI‘23C6 also ap-
peared. Along with this, rounded and multifaceted particles with
different chemical composition and the formation of a spongy
microstructure were found. It was established that the most ac-
ceptable degree of recovery is 85 %. But achieving a recovery rate
of 72 % is also sufficient. This is explained by the fact that the
residual carbon in the carbides provides an increased reducing
capacity, which is realized during the further reduction of oxides
in the liquid metal during alloying. The spongy microstructure
results in faster dissolution in contrast to standard ferroalloys,
which provides a reduction in melting time while reducing spent
resources. No phases with an increased tendency to sublimation
were found in the obtained alloying material. That is, no addition-
al conditions are needed that restrain the loss of alloying elements
during evaporation with a gaseous phase, which provides an in-
crease in the degree of extraction of the corresponding elements.
The properties of the resulting alloying material make it possible
to use it in metallurgical production when smelting alloyed steel
grades in an electric arc furnace, the composition of which does
not have strict restrictions on the carbon content.


https://doi.org/10.1016/j.rser.2017.06.091
https://doi.org/10.1016/j.rser.2017.06.091
https://doi.org/10.14203/metalurgi.v35i1.561
https://doi.org/10.1016/s1003-6326(14)63157-5
https://doi.org/10.1016/s1003-6326(14)63157-5
https://doi.org/10.1016/j.wear.2012.12.007
https://doi.org/10.1016/j.wear.2012.12.007
https://doi.org/10.1016/j.triboint.2011.05.012
https://doi.org/10.1016/j.wear.2009.06.025
https://doi.org/10.1016/j.corsci.2006.08.023
https://doi.org/10.1016/j.corsci.2006.08.023
https://doi.org/10.1016/j.wear.2006.03.033
https://doi.org/10.1016/0043-1648(95)07145-8
https://doi.org/10.1016/0043-1648(95)07145-8
https://doi.org/10.1016/0043-1648(95)90161-2

Keywords: oxide man-made waste, high-speed steel, slag, car-
bon reduction, structural-phase transformations.

References

1. Henckens, M. L. C. M., van Ierland, E. C., Driessen, P. P. J., Wor-
rell, E. (2016). Mineral resources: Geological scarcity, market price
trends, and future generations. Resources Policy, 49, 102—111.
https://doi.org/10.1016 /j.resourpol.2016.04.012

2. Petryshchev, A., Milko, D., Borysov, V., Tsymbal, B., Hevko, L,
Borysova, S., Semenchuk, A. (2019). Studying the physical-
chemical transformations at resourcesaving reduction melting of
chrome—nickelcontaining metallurgical waste. Eastern-European
Journal of Enterprise Technologies, 2 (12 (98)), 59—64. https://
doi.org/10.15587,/1729-4061.2019.160755

3. Sekiguchi, N. (2017). Trade specialisation patterns in major steel-
making economies: the role of advanced economies and the im-
plications for rapid growth in emerging market and developing
economies in the global steel market. Mineral Economics, 30 (3),
207-227. https://doi.org/10.1007 /s13563-017-0110-2

4. Mechachti, S, Benchiheub, O., Serrai, S., Shalabi, M. (2013).
Preparation of iron Powders by Reduction of Rolling Mill Scale.
International Journal of Scientific & Engineering Research,
4 (5), 1467—-1472. Available at: https://www.ijser.org/research-
paper/Preparation-of-Iron-Powders-by-Reduction-Rolling-Mill-
Scale.pdf

5. Grigor'ev, S. M., Petrishchev, A. S. (2012). Assessing the phase and
structural features of the scale on PEM5®3 and P12M3K5®2 steel.
Steel in Translation, 42 (3), 272-275. https://doi.org/10.3103/
$0967091212030059

6. Smirnov, A., Petryshchev, A., Bilko, T., Andreev, A., Semenko, A.,
Skorobagatko, Y. (2023). Development of the Recycling of
Alloyed Metallurgical Waste: Features of Phase and Struc-
tural Transformations. Minerals, 13 (9), 1171. https://doi.org/
10.3390/min13091171

7. Tsymbal, B., Petryshchev, A., Anrieieva, L., Sharovatova, O. (2022).
Improving Occupational Safety and Health in the Processing of
Metallurgical Waste and Features of their Microstructure Trans-
formation. Key Engineering Materials, 925, 187-196. https://
doi.org/10.4028 /p-f9x0w1

8. Borysov, V, Torubara, O., Volokh, V., Poliakov, A., Yamshinskij, M.,
Lukianenko, I. et al. (2022). Identifying features in the structural
and phase composition of the products of recycling of the scale of
high-speed cutting steel by carbon thermal reduction. Eastern-
European Journal of Enterprise Technologies, 6 (12 (120)), 46—51.
https://doi.org/10.15587,/1729-4061.2022.269507

9. Kozyrev, N. A, Galevsky, G. V,, Valuev, D. V., Shurupov, V. M., Kozy-
reva, O. E. (2015). Surfacing With Tungsten-containing Ores. [OP
Conference Series: Materials Science and Engineering, 91, 012009.
https://doi.org/10.1088,/1757-899x/91,/1,/012009

10. Islam, M., Martinez-Duarte, R. (2017). A sustainable approach for
tungsten carbide synthesis using renewable biopolymers. Ceram-
ics International, 43 (13), 10546—10553. https://doi.org/10.1016/
j.ceramint.2017.05.118

11. Hryhoriev, S., Petryshchev, A., Sergienko, O., Milko, D., Ste-
panenko, A., Kozhemiakin, G. et al. (2018). The study of
physicalchemical patterns of resourcesaving recycling of tung-
stencontaining ore raw materials by solidphase reduction. Eastern-Eu-
ropean Journal of Enterprise Technologies, 1 (12 (91)), 4-9. https://
doi.org/10.15587/1729-4061.2018.122743

12. Zhao, L., Wang, L., Chen, D., Zhao, H., Liu, Y, Qi, T. (2015). Be-
haviors of vanadium and chromium in coal-based direct reduction
of high-chromium vanadium-bearing titanomagnetite concentrates

followed by magnetic separation. Transactions of Nonferrous Met-
als Society of China, 25 (4), 1325-1333. https://doi.org/10.1016/
$1003-6326(15)63731-1

13. Chen, S. Y, Chu, M. S. (2014). A new process for the recovery of
iron, vanadium, and titanium from vanadium titanomagnetite. The
Journal of the Southern African Institute of Mining and Metallurgy,
114, 481-487. Available at: https://www.scielo.org.za/pdf/jsaimm/
v114n6/14.pdf

DOI: 10.15587,/1729-4061.2024.312442
DEVELOPMENT OF Fe-Cr-C ALLOYS WITH HIGH Mn
CONTENT FOR BONE IMPLANT (p. 31-38)

Ratna Kartikasari

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

ORCID: https://orcid.org/0000-0001-8859-3258

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

Triyono

Universitas Sebelas Maret Surakarta Kec. Jebres,
Surakarta, Indonesia

ORCID: https://orcid.org/0000-0003-4562-0628

The object of this study is to combine the properties of Mn and
the advantages of Fe-Cr-C to improve biomaterial compatible charac-
teristics. Three alloys of Fe-Cr-C with compositions of 12 wt. % Mn,
16 wt. % Mn, and 20 wt. % Mn, were investigated. Microstructural
analysis was carried out using a scanning electron microscope (SEM),
and a Vickers hardness test kit was used to evaluate the hardness.
The pin-on-disc method was used for the dry slide wear test, and the
corrosion test was carried out using the three-electrode cell polar-
ization method. The hardness value of Fe-Cr-C alloy increased by
28.7 % with the increase of Mn content from 12 wt. % (231.8 VHN)
to 20 wt. % (298.4 VHN). The tensile strength value increased by
30.3 % with an increase in Mn content from 12 wt. % (522.69 MPa)
to 20 wt. % (680.89 MPa), while the strain value decreased by 30.9 %.
However, impact toughness did somewhat decline, from 0.213 J/mm?
at 12 wt. % Mn to 0.169 J/mm? at 20 wt. % Mn. The wear rate results
for Fe-Cr-C 20 wt. % Mn 0.000156 mm?/kg, show a reduction of more
than 15 wt. % when compared to Fe-Cr-C 12 wt. % Mn because of an
increase in the hard-intermetallic area. Additionally, corrosion resis-
tance improved significantly, with the corrosion rate decreasing from
0.005814 mm/yr at 12 wt. % Mn to 0.001780 mm/yr at 20 wt. % Mn,
demonstrating that higher Mn content reduces material degrada-
tion in corrosive environments. Based on the experimental results,
Fe-Cr-C 20 wt % Mn alloy has the highest mechanical and corrosion
resistance of the three types of alloys. Fe-Cr-C with high Mn alloys are
promising candidates for application as biomaterials for bone implants
by optimizing the Mn content and corrosion resistance.

Keywords: Fe-Cr-C alloy, biomaterials, mechanical properties,
corrosion resistance, Mn content, orthopedic implants.
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This study investigated the effect of pouring temperature, Al-
RHA composition and pattern thickness on fluidity length, sur-
face roughness at AI-RHA composition (85:15, 80:20, 75:25) %,
pouring temperature (650, 700, 750) °C, and pattern thick-
ness (1,2, 3, 4, 5, 6, 10) mm. The challenge in this study is to op-
timize the fluidity length and hardness but minimize the surface
roughness and porosity of the composite. The results showed that
raising the pouring temperature increased the fluidity length,
surface roughness, hardness, and porosity. Higher pouring tem-
perature caused an increase in fluidity length by 13.51-54.17 %
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when the temperature raised from 650 °C to 750 °C. This was ac-
companied by an increase in hardness by 1.96-10.69 %. However,
higher temperature also resulted in increased surface roughness
by 3.9-7.92 % and increased porosity by 1.3-3 %. The composi-
tion ratio of AI-RHA plays an important role in determining the
physical and mechanical properties of the composites. Increasing
RHA content tends to increase the fluidity length but increases
the surface roughness, hardness, and porosity. The higher RHA
content increases the fluidity length by 2.44—-11.9 % and the hard-
ness also increases by 1.26—12.87 %. However, the higher RHA
composition also increases the surface roughness by 1.2-30.95 %
and the porosity increases by 2—2.7 %. The larger pattern thick-
ness increases the fluidity length by 10.53-60.42 %. Controlling
the RHA content and pouring temperature is very important to
improve the physical-mechanical properties of AI-RHA compos-
ites. The results have potential applications in industries that re-
quire special composite materials such as automotive, aerospace,
machinery and agricultural equipment.

Keywords: evaporative casting, AI-RHA composites, pouring
temperature, physical-mechanical properties, pattern thickness.
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BU3HAYEHHS YMOB HEPEPOBJIEHHS JKAPOCTIIKOTI'O CYIIEPCILIIABY, 1110 BUKOPUCTOBYETbCS
B EJIEMEHTAX TYPBIHMU (c. 6-12)

B. A. Kotok, T. €. Byrupina, 0. €. Cknap, O. B. /lemunmmna, A. O. JIsmenxo, I. B. Cyxa

JKapocTiiikuii cynepcrias 3i 3HHIIEHOI CreniabHOl TEXHIKK OYB BUKOPUCTAHMIA IS TIOAAJIBIIOT epepOOJIEH S 3 BUIYUYCHHSAM IlIHHUX
MeTasliB, TAKUX K PeHiii, HiKesb, KoOaJIbT, Bobhpam, MoJibaeH, Hiobiii, TanTan Ta inmi. HeoOxinHicTh po3apobieHHs eeKTHBHOTO METOLY
€JIEKTPOXIMIYHOTO PO3UMHEHHS 1[OTO CYIIEPCILIABY 3yMOBJIEHA AeDIlUTOM I BUCOKOK BAPTICTIO CKIALOBUX METAJIB, 0COOIMBO PeHi. Eiek-
TPOXIMIYHUI METO/l PO3UNHEeHHA € eeKTUBHUM /I IIBU/IKICHOTO Ta MOBHOTO PO3YMHEHHS TBEPAWX CIUIABIB TaKOTO THITY, IO J03BOJISE
OINTHMI3yBaTH IIPOIEC BUIYYEHHS [[IHHUX KOMIIOHEHTIB.

¥V uporeci po6otn 6yJI0 BCTAHOBJIEHO CKJIAJ HEBIIOMOTO CYIEPCIUIABy Ta BU3HAYCHO MOMKJIMBY MapKy IbOTO CILIABY, SIKOIO BUSBUB-
cs1 JKC32-i. Takoxk 6yJ10 3iiCHEHO TOPIBHAHHS aHOAHOI MOBEAIHKHM KapOCTIHKOro cylepeIuiaBy, o MiCTUTh peHiii, y Pi3HUX po3unHax
€JIEKTPOJIITY, BKJIIOYAI0UN MeTaHCyIb(oHOBY Kucyoty. Ile MOpiBHSHHS /103BOJINIIO 3'ICyBaTH, SIKMIl €JIEKTPOJIT HaiKpalle MiIXOAUTh /I
PO3YNHEHHS CYNepCIIaBy Ta BUIy4eHHs 3 HbOTO IIIHHIX MeTaJiB.

PesyisraTit OKasaIu, 1o po3uniu, ki Mictatsb xaopuza-ionn (NaCl i HCI), € HaitGisbin epeKTUHBHUME ISt €JIEKTPOXIMIYHOTO PO3YMHEH-
Hst cynepernasy. Lli pe3yssraTi MOSICHIOIOTBCST TUM, IO XJIOPU/-IOHU CIIPUSIIOTH BU/IAJIEHHIO MACHBHOI OKCHIHOI ITIBKY 3 TIOBEPXHI METAIY.
TakuM YUHOM, XTOPU/IHI PO3YNHN 3a0€3eUyIOTh GiTbIT eheKTIBHE POZYNHEHHS CYEPCIUIABY Y TTOPIBHSHHI 3 METAHCYTH(HOHOBOIO KUCIOTOO
Ta CipuaHOIO KUCJIOTOIO.

Oco6MBICTIO OTPIMAHNX PE3YJIBTATIB € BU3HAUEHHSI XJTOPUAHNUX PO3UMHIB K HaileeKTHBHINNX TSI PO3UMHEHHS CYEPCILIaBY, M0
JI03BOJISIE OTITUMI3yBAaTH TPOLEC BIJIYYEHHST IIHHUX METAJIB. 3aCTOCYBaHHsI IIUX METO/IIB CIPUATUME 30€PEKEHHIO PECYPCIB i BHIKEHHIO BU-
POOHMYMX BUTPAT, IO € BAsKIUBUM JIJIST TPOMUCJIOBUX Taly3ei, SIKi BAKOPUCTOBYIOTh TaKi MaTepiaJ.

Kiouosi cioBa: esieMenTy TypOiHu, eJIeKTPOXiMiYHEe PO3YHHEHHS, METAaHOCYIb(hOHOBA KUCJIOTA, COJISTHA KMCJIOTA, XJIOPUL HATPIIO, Cip-
YyaHa KHCJI0Ta.

DOI: 10.15587/1729-4061.2024.313972 o ] ]
IIEHTU®IKALUIA ®AKTOPIB BIMOBH B PE3VJIbTATI KOPO3IIHOI EPO3Ii KOJIIHA TAPOBOI TPYBH
I/l TUCKOM HA TEOTEPMAJIbHIi EJJEKTPOCTAHIII (c. 13-24)

Iskandar Muda, Bambang Widyanto

VY 1upoMy JIOCIIKEHHI Mpe/IcTaBIeH] pe3yabTaTi aHa i3y KOpo3iiiHO-epo3iiHoTo pyiHyBaHHs MarepiaiiB KojiHyacTux Tpyd, sKi BU-
KOPHCTOBYIOTBCS JUUIsI HAJIXOJIPKEHHST BOJM 111/l BACOKUM THCKOM 3 11iji 3emuii. MaTepias KosiH4actol TpyOH, 110 BUIAIIOB 3 JIa/Ly, 3HAXOIMBCS
HaJl TUPJIOM CBEPJIOBMHY, YTBOPIOIOYN TIPSIMY JIHIIO B MO3/I0BKHBOMY HANPSIMKY 3 J0BXKUHOIO TpyOu 6200 (yTiB 1Mij MOBEPXHEIO 3eMJIi.
Pob6oua piznna B KostiHi ckiaganacs 3 25 % mapu i 75 % BOJM, 110 TeKJa B KOJIiHi 3 BUTparoio cepeaosuiia 180 Ton Ha roaumy, Tuckom 22 Gap
i temneparypoio 220 °C. Kosinyacti TpyOu Oysin BUTOTOBJIEHI 3 HU3BKOBYTUIENeBol crasi 3a crangaprom ASTM A234 i3 3ouiuHim nia-
Merpom 304,8 MM i ToBuHOIO cTinku 9,271 MM. MakpocKoIiuHi BUIIPoOYBaHHs, aHai3 XiMIYHOTO CKJIaLy, Metasorpadiui BUIPOOYBaHHS,
BUNIPOOYBaHHsI HA TBEP/ICTh, PEHTIeHIBChKI audpakuiiini Bunpobysanus, CEM ta EJIC — 1e aeski 3 TIiB BUIPOOYBaHb, 10 MPOBOSTH-
cs1. PesysbraTi OCTIPKEHHsT IOKA3a/IH, 110 KOJIiHYAcTi TPYOKH 3a3HaJIM TPOIECY CTOHIIEHHs Ha BHYTPIIIHINA CTIHI[ 30BHINIHBOT CTOPOHU
KPMBU3HU 3 MIOPCTKOIO Ta XBUJISCTOIO TIOBEPXHEIO ab0 30BHIIIHIM BUMIAAOM. Lleil THI TOIKOZKEHHS BiIOMUIA K epo3iiiHo-KOpOo3iiHuii.
PiBenb epo3iiiHo-KOPO3iitHOTO pyiiHyBaHHs, sSIKt BUHIKAE, 3HAYHOIO Mipoio 3aiexnTdb Bij pH pimunu, mo npotikae, gocsaraoun 2,67-2,91, ne
NoB’s13aHo 3 ayxe BrcokuM piBHeM Cl™ — 1290 wacTun Ha MiJbHOH, TOMY BHIIOIO € NIBUAKICTH €po3ii-Koposii, ska Bunukae. L[i Marepianu €
HAUTOYJIAPHINIMMHE i IIMPOKO BUKOPHCTOBYBAHUME B Ha(hTOrazoBoMy ceKtopi. OHaK y 1i€l TpyOu € Heo/IIKH, OCKIJIbKY BOHA CXUJIbHA /10
eposii Ta Koposii. Tomy jyske BasKJIMBO BUOGPATH MPaBUJIBHUI MaTepia, a came Marepias, CTiiKuii 10 eposii Ta Koposii.

Kmo4oBi cioBa: KoposiiiHa eposist, KoJIiHO, TypOYJIeHTHICTh, TOPOKH, BOJOKHUCTI TPIIUHI, CTOHIIEHHST TOBIMHH.
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BUSABJIEHHS OCOBJIMBOCTE CTPYKTYPHO-®A30BUX IEPETBOPEHD ITPU IIEPEPOBIII
OKCUIHUX JJETOBAHHX BIAXOAIB 3 BUKOPHCTAHHAM BYIJIEIEBOT'O BITHOBHUKA (c. 25-30)

A. M. IToasikos, B. O. Boiox, A. M. Auzapees, B. I. Pe6enko, B. I. Kypiaos, M. M. SImumucekuii, I. B. JIyk’sinenko, /1. B. Isanyenko,
. IL. Kypaseus, I. B. KoBarenko

OG’€KTOM JOCIKEHHS € CTPYKTYPHO-()a30Bi IIePeTBOPEHHST IIPY BiHOBJIECHHI BYTJICIIEM OKaJINHK BOJIb(GPAMOBOI IBUAKOPIKYIOi cTasti
I0/10 OTPUMaHHS pecypcozbepiraouoi seryodoi nobasku. [Ipobdiema mossirae y BTpatax KONITOBHUX €JIEMEHTIB TPU OTPUMAHHI Ta BUKOPUC-
TaHHi JIErylo4oro MaTepiany i3 TeXHOTeHHOI CMPOBUHU. Bupinients npobiemMu MoB'g3are i3 BU3HAYEHHAM TEXHOJONYHUX MapaMeTpiB 1010
3abe31eueH s 3MEHIIICHHST BTPAT BiANOBIHNUX eJieMeHTiB. B pe3yJIbTaTi MiJIBUIIEHHS CTYTIeHsT BilHOBJIeHHs okamtu 3 33 % 10 72 % ta 85 %
BUSBJICHO TiICUJICHHS TIPOSIBY TBEPJOTO PO3UNHY BYTJIEIIO Ta JETyIounx eeMenTiB B a-Fe Bignocno 1o FeWOy, FeO ta Fe3;04. Takoxk manu
nposis FesC, WC, W,,C, FeW3C, FesW3C, FegW4C, VC, V5C, Cr3Cy, Cr7C3 ta Cry3Ce. PazoM 3 1uM BUSABJIEHO YaCTKU OKPYTJIOl Ta Garato-
rpanHoi GopMH 3 PISHIM XiIMIYHIM CKJIA/IOM Ta YTBOPEHHS ry6yacTol MiKpOCTPYKTYPH. BeTaHOBIIEHO, 1[0 HANOIIBII MPUITHSATHIM CTYIIEHEM



BijtHOBJIEHHS € 85 %. AJie JI0CSITHEHHSI CTYIIEHIO BiIHOBJICHHS 72 % TakoX € gocTtaTHiM. [le mosICHIOEThCST THM, 110 3aJIUITKOBHIT BYTJIelb B
Kap0ijax 3abesrneuye MmiIBUIIEHY Bi/IHOBHY CIIPOMOKHICTD, SIKA PEAi3yEThCsI TIPY JIOBIIHOBJIEHH] OKCHJIIB B PIZIKOMY MeTasIi Ii/| 4ac JeryBaH-
Hs1. [y6uacta MiKpOCTPYKTYpa 00yMOBIIIOE GBI IBUIKE PO3UMHEHHST HA BiIMiHY Bijl cTaHAapPTHUX (ePOCILIABIB, 1110 3a6€31eUyE 3MEHIIIEHHS
Yacy IJIABKU TIPH CKOPOYEHHI BUTPAYEHUX pecypciB. B orpumaHoMy JeryioqoMy mMatepiasi He BUABIIEHO (a3, 1[0 MAIOTh ITi/[BUIIEHY CXUJIb-
HicTb 10 cybaimartii. To6To He TOTPIGHI IOAATKOBI YMOBH, 110 CTPUMYIOTH BTPATH JIETYIOUKMX eJIeMEHTIB TP BUIIAPOBYBAHHI 3 ra30noAi6HOI0
(asoro, mo 3abesreuye MiABUIEHHS CTYIICHS] BUTYYEHHS BiAIOBIIHUX eeMeHTIB. BIacTUBOCTI OTPUMAHOTO JIETYIOUOTO Marepialy aiTh
MOKJIMBICT BUKOPUCTAHHS B METaJyPriiHOMY BUPOOHUIITBI TP BUILIABIN B €JIEKTPOLYTOBIH Medi MapoK JIErOBaHOI CTaJl, CKJIajl SIKUX He
Mag€ CyBOPUX 0OMEKEHD 32 BMICTOM BYTJIEITHO.
Kimo4oBi ciioBa: OKCH/IHI TEXHOTEHHI Bi/[XO/H, IIBUKOPIKYYA CTaJIb, OKAJIMHA, BIIHOBJICHHS BYIJIEIIEM, CTPYKTYPHO-(a30Bi IIePeTBOPCHHSI.
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PO3POBKA Fe-Cr-C CINIABIB 3 BUCOKHUM BMICTOM Mn JJIAd KICTKOBUX IMIIVIAHTIB (c. 31-38)

Ratna Kartikasari, Sugiarto Kardiman, Rivan Muhfidin, Thwanul Aziz, Triyono

OG6’eKTOM MOCTIKEHHS € TIOEAHAHH BiIacTuBocTell Mn i mepesar Fe-Cr-C a1t MOKpameHHs: CyMiCHUX XapaKTepUCTUK Oiomarepiary.
Jocaikysamucs Tpu ciiasu Fe-Cr-C 3i ckmagom 12 mac. % Mn, 16 mac. % Mn i 20 mac. % Mn. MikpocTpyKTypHUiT aHasi3 TPOBOIIIN 32
JIOTIOMOTOI0 CKaHYI040ro esieKTpoHHOTo Mikpockorna (CEM), a juist oIiiHKK TBEpAOCTI BAKOPUCTOBY BN HAOIp /IUisi BUBHAUEHHST TBEPIOCTI
3a Bikkepcom. MeTon «mtudT-Ha-ANCKY» BUKOPUCTOBYBABCS 15T BUITPOOYBAHHS Ha 3HOC CYXOTO KOB3aHHSI, a BUIIPOOYBAHHS Ha KOPO3ito
MIPOBOIUIIOCS 32 JIONIOMOTOI0 METO/Y TPUEIEKTPOAHOI ToJistpuaaitii komipku. Teepaicts crmasy Fe-Cr-C 3pociia Ha 28,7 % i3 36isbIneHHIM
BmicTy Mn Bix 12 mac. % (231,8 VHN) no 20 mac. % (298,4 VHN). 3nauenns MinHOCTI Ha po3puB 3poco Ha 30,3 % mpu 36iapmenHi BMic-
Ty Mn 3 12 mac. % (522,69 MIla) no 20 mac. % (680,89 Mlla), a Benunna nedopmartii smennmnacs na 30,9 %. Omanak yaapha B'si3KicTh
nemo suusmuaacs, 3 0,213 Jlsx/mm? mpu 12 mac. % Mn s0 0,169 JIsx/mm? mpu 20 mac. % Mn. Pesyasratn snocy ans Fe-Cr-C 20 mac. % Mn
0,000156 MM3 /KT TI0Ka3y10Th 3HMKEHHs Gibln Hixk Ha 15 Mac. % y nopisusui 3 Fe-Cr-C 12 Mac. % Mn yepes 36i/1bleHHs TBepAoiHTep-
Metaniunoi o6sacti. Kpim Toro, cTilikicTh 10 KOpo3ii 3HAUHO MOKpPANMJIACS, IIPH [[bOMY IBUAKICTh KOpo3ii amenmunnacs 3 0,005814 mm/
pix npu 12 mac. % Mn no 0,001780 mm/pik npu 20 mac. % Mn, geMOHCTPYIOUH, 110 BUIIMI BMicT Mn 3MeHIIye jlerpajialiio Matepiaay B
KOpO3ifiHuX cepeoBuiax. Buxozusuu 3 ekcriepuMenTagbHuX pedyJsraris, ciias Fe-Cr-C 20 mac. % Mn Mae HallBUIILy MeXaHiuHy Ta KOPO-
3iiiny crifikicts 3 Tppox TnniB ciasis. Fe-Cr-C 3i crnraBamu 3 BUCOKUM BMicTOM Mn € IePCHEKTUBHIMHI KaHANATAMHK JIJIST 3aCTOCY BAHHS
B sIKOCTI GioMaTepiasis [Jist KiCTKOBUX IMIUIAHTIB 3a paxyHOK ONTUMi3allii BMicTy Mn i cTiiikocti 10 Koposil.

Kumouosi ciosa: Fe-Cr-C crias, GiomaTepianu, MexaHiuHi BJaCTUBOCTI, KOPO3iiiHa CTiliKicTh, BMicT Mn, OpToneAnydHi iMILIaHTH,
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BU3HAYEHHS BILIUBY TEMIIEPATYPU 3AJIUBKU, CKJIAJLY Al-3PJI I TOBIIIMHI MOJIEJI HA
BJIACTUBOCTI Al-3PJI-KOMIIO3UTIB, OTPUMAHIX METO/IOM JINTTS 10 TA3BUMIKOBAHIX
MOJIEJISIX (c. 39-49)

Rudi Siswanto, Rachmat Subagyo, Mastiadi Tamjidillah, Mahmud, Muhammad Soleh Indra Setiawan

VY jaHoMy AOCTIIKeHHI BUBYABCA BIUIMB TeMIlepaTypu 3aiuBku, ckiaxy Al-3PJI (3os1a pucoBOro JIyIIIMHHA) i TOBIIMHU MOAE Ha
JOBKHMHY TEKyJOCTi Ta MIOPCTKICTD MOBEPXHI mpn BukopuctanHi ckiraxy Al-3PJT (85:15, 80:20, 75:25) %, temueparypu 3anusku (650,
700, 750) °C i roBuuau mojei (1, 2, 3, 4, 5, 6, 10) Mmm. 3aaua HOCTiZKEHHS TTOJISITAE B OTITUMI3aILi1 JOBKUHU TEKYYOCTi 1 TBEPHAOCTI, P
3BEJICHHI 710 MiHIMyMy IIOPCTKOCTI ITOBEPXHi Ta MOPUCTOCTI KOMIO3UTY. PedysbraTtu nokasasau, 1m0 HiIBUIEHHS TeMIepaTypu 3aJUBKU
MPUBBOAUTD J10 301IBIIEHHST JOBKUHU TEKYYOCTi, IMOPCTKOCTI TIOBEPXHi, TBEPAOCTI i opucrocTi. [TigBUIeHHsT TeMIiepaTypH 3aJIMBKY TIPH-
3BeJIO 10 30ibIeH st JoBKUHN TekydocTi Ha 13,51-54,17 % npu migsumenni Temnepatypu 3 650 °C o 750 °C, 110 cympoBOIKyBaIocs
nigsumenHam teepaocti Ha 1,96—10,69 %. OnHak miABUIIEHHS TEMIEPaTypPH TaKOXK TPU3BEJO 0 30iIbIIEHHS MOPCTKOCTI MOBEPXHI Ha
3,9-7,92 % ra 36inbmentst nopucrocti Ha 1,3-3 %. Crissignomenns ckiany Al-3PJI Bimirpae BaxkauBy posib y BusHaueHHi (iznko-mexa-
HiuHUX BaacTuBocTeii kommnosuTis. [lixsuutenns smicty 3PJI npusBoauTh 10 30iIbIIEHHS IOBKUHU TEKYUOCTI, aie 301IbIIyE MOPCTKICTh
TOBEPXHI, TBePAICTb i mopucticTs. Bimbmr Bucoknit BMicT 3PJI 36imbirye noBkuny Tekydocti Ha 2,44—11,9 %, a TBepaicTh TakoX 301bIry-
erbest Ha 1,26—12,87 %. Onnak Gibin Bucokuii BMict 3PJI Takosk 361binye mopcTkicTs mosepxHi Ha 1,2-30,95 %, a mopucticth 361bliry-
eTbest Ha 2—2,7 %. 30iIblIeH s TOBIMHA Mol 30iabinye noskuny tekydocti Ha 10,53-60,42 %. Konrpoas Bmicty 3PJI i temneparypu
3aJIMBKU Ma€ BaKJIMBE 3HAUCHHSI JJIs TToJIinieHHs (isuko-Mexanivnnx iaactusocteil Al-3PJI-koMnosuTis. OTpuMani pe3yabraTu MOXKYTh
OyTH BUKOPHCTaHI B ray3sx, 0 MOTPeOYOTh CHEialbHIX KOMIIO3UTHUX MATEPiasiB, TaKUX K aBTOMOOINIEOy/IyBaHHs, aePOKOCMIiuHa
MTPOMHUCJIOBICTD, MATMHOOYIYBAHHSI Ta CITbIOCTITEXHIKA.

KmouoBi cioBa: nutra 1o rasudikoBanux Mozensx, Al-3PJI-koMiio3uty, Temieparypa 3aauBKu, (hisuKo-MexXaHiuHi BJaCTUBOCTI, TOB-
TIITHA MOJIEJI.



