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The object of the study is the process of changing tribological
efficiency according to tribotechnical characteristics (wear intensity,
friction coefficient, temperature in the contact zone) of composites
based on phenylone C-1 and polyamide PA-6 with arimide-T filler
and fullerene C-60. The study solved the problem of obtaining com-
posites with high wear resistance.

Based on the results of research, it was found that varying the
content of arimide-T makes it possible to obtain composites with
different patterns of changes in tribotechnical characteristics under
conditions of dry friction, lubrication with water and I-50 oil. Com-

posites with the composition: phenylone C-1+15 wt. have the maxi-
mum tribological efficiency. % arimide-T+3 wt. % fullerene C-60 and
polyamide PA-6+30 wt. % arimide-T+3 wt. % fullerene C-60.

Phenylone C-1 has destructive properties when working in
the environment of water and temperature in the friction zone.
Its reinforcement with arimide-T and fullerene C60 gave positive
results of a complex of tribotechnical characteristics under these
conditions. It was found that the wear of composites based on
phenylone C-1 in I-50 oil is two orders of magnitude lower than in
water. Research of samples from the obtained composites based on
phenylone C-1 and polyamide PA-6, reinforced with the optimal
content of arimide-T and fullerene C60, showed that their wear
resistance when lubricated with oil is 3.5...4.0 times greater than
the wear resistance of bronze.

An applied aspect of the reported results is the introduction of
manufacturing technologies and restoration of machine parts from
the proposed composites. It has been proven that their optimal com-
position contributes to high tribological efficiency and could provide
the required level of wear resistance and reliability of resource-
determining nodes, systems, and machine assemblies.

The results could be used by machine-building and repair-
technological enterprises.

Keywords: phenylone, polyamide, arimide, composite, wear,
intensity of wear, coefficient of friction, temperature.
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been considered. In this case, it is necessary to modify the structure
of the epoxy polymer matrix, which is achieved as a result of the
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complicates the process of structuring epoxy composites and leads
to the appearance of structural defects. Removal of technological
additives and cleaning the surface of the aramid and glass fibers
from lubricants is possible as a result of processing the components
of the composition in physical fields. There is a need to study the
influence of physical fields on the structuring processes of the epoxy
system and the formation of the structure of epoxy composites with
specified properties. Modified epoxy composites contain chopped
aramid and glass fibers treated with ultrasound. The tribotechnical
characteristics of epoxy composites were studied at a sliding speed of
V=1.0 m/s with a change in specific load from 0.5 MPa to 1.5 MPa.
The temperature in the tribocontact zone during frictional interac-
tion rises to 100 °C with an increase in the specific load. An increase
in the density of the surface layer of tribocontact of epoxy compos-
ites with fillers treated in physical fields was revealed. The practical
recommendations have been compiled for the implementation of
the treatment technology of components in physical fields, which
ensures structuring of epoxy composites with high tribotechnical
characteristics.

Keywords: glass fibers, aramid fibers, electromagnetic field,
ultrasound treatment, wear intensity.
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The research object is the ilmenite concentrate from the Ir-
shansky deposit. This study describes an elemental composition
of the mineral raw material and confirms its structure using the
X-ray diffraction and scanning electron microscopy. Experimental
studies have shown that the ilmenite concentrate from the Irshan-
sky deposit has a significant titanium content in terms of titanium
dioxide (79 %). Mineral raw materials with such a chemical com-
position are unique, so there is a need to find alternative methods
for its processing. The research demonstrates that the maximum
degree of extraction in the process of alkaline leaching of the
ilmenite concentrate is achieved under the condition that the
average diameter of particles of the mineral raw material should
be <71 um. As a result of temperature studies, it has been found
that a temperature of 453 K would suffice to obtain potassium
titanate at atmospheric pressure. Further temperature increase
does not provide for a significant increase in the degree of tita-
nium extraction, and also contributes to the formation of polyti-
tanates of various compositions. The study of the influence of the
molar ratio of the starting reagents on the degree of extraction of
titanium(IV) from the ilmenite concentrate has showed that the
optimal molar ratio between the components corresponds to the
stoichiometric one and is 1:2. Increasing the amount of potassium
hydroxide in the reaction mixture is impractical as it reduces
the yield of potassium titanate, and the final product will have
high alkalinity due to excess alkali. The optimal time for alkaline
leaching is three hours of continuous heating in a glycerin bath.
A further increase in the duration of heating does not lead to an
increase in the degree of extraction, which is associated with the
diffusion of alkali from the surface of the nucleus into the volume
of ilmenite particles due to the formed products of interaction and
annihilation of the initial nuclei.

Keywords: ilmenite concentrate, alkaline leaching, potassium
hydroxide, potassium titanate, degree of extraction.
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The object of this study is the process of electron beam 3D print-
ing of articles made of TA15 titanium alloy powder. Peculiarities
of the structure and properties formation of alloy blanks, obtained

by this method have been described. Influence of process param-
eters (electron beam power and geometric scanning parameters) on
the characteristics of the material were considered.

Step of displacement of the beam trajectory changed from 0.1 to
0.25 mm with an interval of 0.05 mm. Specific energy of the electron
beam varied from 20 to 70 J /mm? for every trajectory displacement step.

The macrostructure was examined visually while the micro-
structure was studied by optical microscopy. Mechanical properties
were determined by uniaxial tension and impact bending tests.
It was established that depending on the 3D printing parameters
the macrostructure of most samples is dense but with unfavorable
parameters non-fusions or shrinkage porosity defects may form.
The microstructure of the dendritic type has an o’+B lamellar-
acicular morphology, its dispersity and shape of a’—phase areas vary
depending on the process parameters.

A scanning step of 0.2 mm and a beam energy of 40 J/mm? al-
lows obtaining a dispersed microstructure in which there are no
non-fusions and shrinkage micropores. The value of the R,, is 27 %,
and the Ry is 24 % higher than that of the alloy obtained by the con-
ventional technology of electron beam melting. The A5 is 3.2 times
higher. However, impact toughness of the sample with dendrite un-
favorable orientation to the direction of load applying may be lower
compared to conventional technology. The results could be used for
devising commercial technology of high strength titanium alloys
parts produced by 3D printing.

Keywords: electron beam 3D printing, titanium alloy, TA15,
technological parameters, metallographic studies.
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Enhancement of side die resistance to thermal shock in mold
disc car applications was achieved by substituting FCD550
material with SKD6 material. The primary issue addressed is
the cracking of side dies due to thermal shock induced by an
accelerated production process, leading to production halts and
failure to meet large customer orders. The study aims to identify
a material that can better withstand thermal shock than FCD550,

thereby improving the durability of side dies and the overall
productivity of the manufacturing process. The research involved
direct production experiments, analyzing the materials FCD550
and SKD6, evaluating die characteristics, and assessing finished
product attributes before and after material changes. Labora-
tory tests and machine-setting trials were conducted, varying
production processes and assessing the results. The findings
indicate that SKD6 is significantly more resistant to thermal
shock than FCD550 in mold disc car applications. The study
compared the strength of side die materials using data sheets and
adjusted setting parameters under existing cooling conditions.
Experimentation involved altering the standard temperature
from 520-545 °C to 532-538 °C and reducing the soaking time
from a minimum of 270-540 seconds to 332 seconds. This re-
duced soaking time from 69 seconds to 46 seconds and aging time
from 190 seconds to 180 seconds, increasing casting productivity
from 194,870 pieces/28 days to 213,311 pieces/28 days across
seven machines, thereby fulfilling the customer’s requirement of
200,000 pieces/28 days without side die cracks. Durability test-
ing on five product samples according to TSD5605G standards
confirmed the quality as meeting customer specifications.

Keywords: thermal shock, die disc car wheel, manufacturing,
automotive parts, casting productivity.
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These days, during the issues of climate change, there has
been a shift in the energy industry from using fossil fuels to more
environmentally friendly fuels such as biomass fuels. Biomass
fuel is considered COjy neutral because the carbon produced
during combustion in the form of CO, emissions can be used
for new plant growth. However, besides the advantages of us-
ing biomass fuel, a problem arises when biomass fuel contains a
high concentration of corrosive agents, which can be released
along with hot fuel gas. These corrosive agents can damage the
boiler components. Coating technology is one of the solutions to
protect components that work at high temperatures against the
corrosion threat. One type of coating that can be used in high-
temperature applications is NiCrAlY coating by the high-velocity
oxide (HVOF) process. One interesting topic that people are
developing is using nano-scale coating to increase the coating’s
resistance against hot corrosion and cracking. Nano-scale powder
feedstock is needed to produce nano-scale coating material. In
this research, top-down method is used to synthesis nano-scale
powder. One of top down method, the high-energy ball milling
processs, is a promising method to synthesize nano-scale powder
material. Therefore, in this research, the ball milling process is
used to prepare nano-scale product. The results showed that this
method was successful to make the nano-scale powder. The nano-
scale powder was characterized by several methods to investigate
the morphology and properties of the powders. However, there
are still many challenges in producing nano-scale powder that
meets HVOF feedstock powder requirements. In the long run, it
is expected that this research can answer those challenges so that
at the end, the good quality of nano-scale powder can be achieved.

Keywords: coating, high-velocity oxygen fuel (HVOF),
NiCrAlY, nano-scale powder, high-energy ball milling.
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This paper reports experimental and computational studies
on patterns in the structure formation of polymer nanocomposites
when different types of fillers are used. The study was conducted
for nanocomposites based on polyamide 6 filled with carbon nano-
tubes or silicon dioxide nanoparticles. In the course of research,
the mass fraction of the filler varied from 0.2 % to 4.0 %, and
the cooling rate of the melt composite varied from 0.5 K/min up
to 20 K/min.

Data on experimental and theoretical studies into the mecha-
nisms of structure formation of composites according to the
method, which includes two stages, are given. According to the
first stage, crystallization exotherms of nanocomposites were
experimentally obtained when they are cooled from the melt at a
given constant rate. The dependence of various characteristics of
the crystallization process on the mass fraction of the filler and the
cooling rate of the composite was established.

At the second stage, based on the analysis of the obtained crys-
tallization exotherms, theoretical studies were performed to deter-
mine the mechanisms of structure formation of nanocomposites at
different stages of crystallization. For the initial stage, according to
the nucleation equation, the presence of two mechanisms of struc-
ture formation — planar and volumetric — has been shown.

Within the framework of the Kolmogorov-Avrami equation,
the mechanisms of structure formation at the next stage of crystal-
lization were established, which corresponds to the formation of
ordered structures in the material within the volume of the polymer
composite as a whole. The research was carried out assuming the ex-
istence of a mechanism of crystallization of the polymer matrix itself,
which is realized on fluctuations in the density of the polymer, and a
mechanism of crystallization, the centers of which are filler particles.
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The use of the proposed nanocomposites is promising for the
manufacture of parts of energy equipment, electronic equipment,
elements of chemical, processing, defense industry installations, etc.

Keywords: polymer nanocomposites, carbon nanotubes, silicon
dioxide, crystallization exotherms, structure formation mechanisms.

References

1. Nikam, P. N., Deshpande, V. D. (2019). Isothermal crystallization
kinetics of PET/alumina nanocomposites using distinct macroki-
netic models. Journal of Thermal Analysis and Calorimetry, 138 (2),
1049-1067. https://doi.org/10.1007 /s10973-019-08192-x

2. Sethy, S., Samantaray, S. K. Satapathy, B. K. (2021). Dynamic
crystallization behavior of PA-12/PP-MWCNT nanocomposites:
non-isothermal kinetics approach. Journal of Polymer Engineering,
42 (2), 87-99. https://doi.org/10.1515/polyeng-2021-0195

3. Fu, X, Dong, X, Yang, G., Bai, S. (2022). Non-isothermal crystalliza-
tion kinetics of graphene/PA10T composites. Heliyon, 8 (8), e10206.
https://doi.org/10.1016/j.heliyon.2022.e10206

4. Wen, X,, Su, Y,, Li, S, Ju, W., Wang, D. (2021). Isothermal Crystalli-
zation Kinetics of Poly(ethylene oxide)/Poly(ethylene glycol)-g-sil-
ica Nanocomposites. Polymers, 13 (4), 648. https://doi.org/10.3390/
polym13040648

5. Yu, F, Xiao, L. (2021). Non-isothermal crystallization kinetics of
poly(ether sulfone) functionalized graphene reinforced poly(ether
ether ketone) composites. Polymer Testing, 97, 107150. https://
doi.org/10.1016/j.polymertesting.2021.107150

6. Mata-Padilla, J. M., Avila-Orta, C. A., Almendarez-Camarillo, A.,
Martinez-Colunga, J. G., Hernandez-Hernandez, E., Cruz-Delga-

10.

11.

do, V. J. et al. (2020). Non-isothermal crystallization behavior of
isotactic polypropylene/copper nanocomposites. Journal of Thermal
Analysis and Calorimetry, 143 (4), 2919-2932. https://doi.org/
10.1007 /s10973-020-09512-2

. Dinzhos, R., Fialko, N., Prokopov, V., Sherenkovskiy, Y., Merano-

va, N., Koseva, N. et al. (2020). Identifying the influence of the
polymer matrix type on the structure formation of microcompos-
ites when they are filled with copper particles. Eastern-European
Journal of Enterprise Technologies, 5 (6 (107)), 49-57. https://
doi.org/10.15587/1729-4061.2020.214810

. Dolinskiy, A., Fialko, N., Dinzhos, R., Navrodskaya, R. (2015).

Structure formation of polymer micro- and nanocomposites based
on polycarbonate in the process of their crystallization. Thermo-
physics and Thermal Power Engineering, 37 (3), 5-15. https://
doi.org/10.31472/ihe.3.2015.01

. Fialko, N., Dinzhos, R., Sherenkovskii, J., Meranova, N., Izvorska, D.,

Korzhyk, V. et al. (2021). Establishing patterns in the effect of
temperature regime when manufacturing nanocomposites on their
heat-conducting properties. Eastern-European Journal of Enter-
prise Technologies, 4 (5 (112)), 21-26. https://doi.org/10.15587/
1729-4061.2021.236915

Vunderlih, B. (1979). Fizika makromolekul. Vol. 2: Zarozhdenie, rost
i otzhig kristallov. Moscow: Mir, 576.

Privalko, E., Dinzhos, V., Rehteta, N., Vaschuk, A. (2013). Applica-
tion of method of differential scanning calorimetry is for the study of
mechanism of gelation of composition on the basis of carbonanotube.
Visnyk Natsionalnoho aviatsiynoho universytetu, 2 (55), 214-218.
Available at: http://nbuv.gov.ua/UJRN/Vnau_2013_2 34


https://doi.org/10.1007/s10973-020-09512-2
https://doi.org/10.1007/s10973-020-09512-2
https://doi.org/10.15587/1729-4061.2020.214810
https://doi.org/10.15587/1729-4061.2020.214810
https://doi.org/10.31472/ihe.3.2015.01
https://doi.org/10.31472/ihe.3.2015.01
https://doi.org/10.15587/1729-4061.2021.236915
https://doi.org/10.15587/1729-4061.2021.236915
http://nbuv.gov.ua/UJRN/Vnau_2013_2_34
https://doi.org/10.1007/s10973-019-08192-x
https://doi.org/10.1515/polyeng-2021-0195
https://doi.org/10.1016/j.heliyon.2022.e10206
https://doi.org/10.3390/polym13040648
https://doi.org/10.3390/polym13040648
https://doi.org/10.1016/j.polymertesting.2021.107150
https://doi.org/10.1016/j.polymertesting.2021.107150

DOI: 10.15587 /1729-4061.2024.304719

BUSIBJIEHHS 3AKOHOMIPHOCTE! 3MIHU TPUBOJIOTTYHOI EOEKTUBHOCTI KOMIIO3UTHIX
MATEPIAJIIB JIETAJIEIT MAIIITH HA OCHOBI ®EHLJIOHY TA IIOJIAMIJIA 3 APMYBAHHSIM APIMIJIY-T
I ®VJIEPEHY (c. 6-18)

B. B. Ayuin, 1. JI. Poroscekuii, O. JI. JIsmiyk, A. A. Tuxwuii, O. B. Kysuk, A. B. [IBopuuk, O. II. /lepkau, C. B. Jlucenko, O. O. baunuii,
A. B. I'punbkis

OG6’€KTOM OCIIIZKEHHST € IPOIEC 3MiHU TPUGOIOTTUHOT e(hEKTUBHOCTI 3a TPUOOTEXHIYHIMH XapaKTEPUCTUKAMU KOMIIO3UTIB HA OCHO-
Bi denimony C-1 i momiaminy ITA-6 3 nanouioBayem apimiay-T ta ¢dynaepeny C60. B gocaijkenni BupinryBasach mpobiemMa oOTpuMaHHs
KOMIIO3UTIB 3 BUCOKOIO 3HOCOCTIHKICTIO.

3a pesyJbTaTaMy J0CJII/PKeHb BCTAHOBIJICHO, 110 BapilOBaHHS BMiCTOM apiMiny-T, fa€ MOKJIMBICTD OTPUMATH KOMIIO3UTH 3 Pi3HUMU
3aKOHOMIPHOCTSIMU 3MiHH TPUOOTEXHIYHUX XapaKTEPUCTHK B YMOBAaX CYXOTO TEPTsI, 3MalleHHsI BOoi0 i ommBoo 1-50. MakcumanbHy
Tpubosioriuny eGeKTUBHICTH MaOTh KOMIIO3UTH 3i ckiaagom: deninon C-1+15 mac. % apiminy-T+3 mac. % dyaepeny C60 ta nosiaminy
ITA-6+30 mac. % apiminy-T+3 mac. % dynepeny C60.

@eninon C-1 Mae gecTpyKuiiini BracTuBOCTI Iy pobOTI B cepeioBuIIi Bo i TeMiiepatypu B 30Hi Teprsi. Moro apmysanns apimizom-T
Ta pynepery C60 1a10 MO3NTUBHI PE3yIBTaTH KOMIIEKCY TPUOOTEXHIYHIX XapaKTEPUCTUK B ITUX yMOBaxX. BUsABJIEHO, 1110 3HOC KOMIIO3UTIB
Ha ocHosi (enizony C-1 B onusi [-50 Ha sBa MoOpsiiku MeHIMA HixK y Bofi. JlocaiskeHnst 3pa3kiB 3 OTPUMAHUX KOMIIO3UTIB Ha OCHOBI
eninony C-1 i nomiaminy ITA-6, apmoBanux ontumanpHuM BmictoM apimiay-T Ta dysnepeny C60, nokasann, 1o ix 3HOCOCTIHKICTb PN
3MaleHHi oamBoio B 3,5...4,0 pasiB Gisbina 3HOCOCTIKOCTI GPOH3H.

[TpukagHM acleKTOM OTPUMAHUX Pe3yJIbTaTiB € BIPOBA/)KEHHS TEXHOJIOT1Hl BUTOTOBJIEHHS Ta BiTHOBJIEHHS JleTajleil MalluH i3 3a-
MTPOMOHOBAHKUX KOMITO3UTIB. J[0BeieHO, 1110 iX ONTUMATBHUN CKJIajl CIPUSIE BUCOKIH TprbOJIOTiuHiil ehekTHBHOCTI Ta 3a0e31mednTh HeoOXif-
HUIi piBeHb 3HOCOCTINKOCTI i HAMIITHOCTI PecypCcOBU3HAYATBHIX BY3JIiB, CUCTEM i arperaTiB MaIlIHH.

OTpuMmaHi pe3yabraTu MOKYTh OyTH BUKOPUCTAaHI MAIIMHOOY IIBHUMU | PEMOHTHO-TEXHOJOTTYHUMHE T ATPUEMCTBAM.

Kiouosi cioBa: denison, mosiamiz, apiMiZi, KOMIO3UT, 3HONTYBAHHS, iIHTEHCUBHICTD 3HOCY, KOe(DIIiEHT TepTs, TeMuepaTtypa.
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PO3POBKA TPUBOTEXHIYHUX EIIOKCUKOMIIO3UTHUX MATEPIAJIIB, APMOBAHUX
MOJAPIBHEHUMU BOJIOKHAMU TA MOJIUPIKOBAHUX KPEMHIITOPTAHIYHUM JIAKOM (c. 19-27)

B. I1. Kaumpkuii, O. JI. Canosa, B. B. Tkauyk, O. B. Illeruncekuii, 1. O. ITapdenrnena

OG6’ekToM fOCHiKeHHsT € MOAUGDIKOBAaHI €MOKCUKOMIO3UTHI Marepiann (GPUKIIHHOrO NPU3HAYEHHS, 1O MICTATH 06pobJeHi y
(Hi3MYHUX TOJISIX BOJOKHUCTI HATIOBHIOBaYi. PO3IISIHYTO TE€XHOJIOTIYHI aceKTH PO3POOKH eMOKCHMKOMITO3UTIB TPUOOTEXHIYHOTO TIPH-
3HAYEHHsI, SIKi MOBMHHI BUTPUMYBATHU BIUIUB MiIBUIIEHUX TEMIEPaTyp. B TakoMy BHUIAAKy €MOKCUNOJIMEPHA MaTpuilsd norpebye
Mozudikamii CTPYKTYpH, MO AOCATAETbCS B Pe3yJIbTaTi BBEAECHHS TEPMOCTIIIKOro KkpeMHiliopraniunoro jaky. Kpemuiitopraniuni jsakn
Ta mMoApiOHeHI BOJOKHA MICTSITh TEXHOJOTIUHI M0OABKH, 10 YCKJIAAHIOE MPOIEC CTPYKTYPYBAHHS €MOKCHKOMITO3UTIB Ta TPU3BOAUTD
10 1osiBU [1eDeKTiB CTPYKTYpu. BuaseHHss TeXHOMOTIYHNX M00ABOK Ta OUMINEHHS TOBEPXHI CKISHUX Ta apaMiJHUX BOJOKOH Bifl 3a-
MacJII0BaYiB MOXKJINBE B Pe3yJIbTaTi 00pOOKM KOMIOHEHTIB KOMIIO3uILiT y (isnunux mossix. [Ipu 1iboMy BUHUKAE moTpeda B TOCHiFKEHHT
BIUINBY (hi3MYHUX TOJIIB HA NPOIECH CTPYKTYPYBAHHS €MOKCUCUCTEMHU Ta (DOPMYBAHHS CTPYKTYPHU €MOKCHKOMIIO3UTIB 3 KOMILJIEKCOM
3aMaHux BaactuBocteil. MoandikoBaHi eMOKCUKOMIIO3UTH MICTATh 06pOOIeHI yabTPasByKOM MOAPIOHEHI apaMifiHi Ta CKJISTHI BOJIOKHA.
Jlocaimpkentst TpU6OTEXHIYHUX XapaKTePUCTUK eMOKCHKOMIIO3UTIB IIPOBEACHO 3a MIBUAKOCTI KoB3aHusa V=1,0 M/c 31 3MiHOIO TUTOMOTO
HaBaHTaxkeHHs Bix 0,5 MITa 1o 1,5 MIIa. Temneparypa B 30Hi TpUOOKOHTAKTY T1ij yac GpuKiiiHoi B3aemonii migsuiryetbes 1o 100 °C i3
301JIBIIEHHSIM MUTOMOTO HaBaHTa)keHHsI. 3ahiKCOBAHO i ABUIEHHS IIJTBHOCTI TOBEPXHEBOTO MIaPy TPUOOKOHTAKTY €MOKCUKOMITO3UTIB,
KOMIIOHEHTHU SIKUX 06pobieHo y dizuynux nossix. Ha ocHOBI mocimiaskeHb po3pobaeHo MPaKTHYHI PEKOMEH/IAI] M[0/10 BIPOBAKEHHS
TexHOJI0TiT 06pOOKK KOMIOHEHTIB y (hi3UYHUX TOJX, 10 3a0e31edye CTPYKTYPYBAHHs COKCUKOMIIO3UTIB 3 BUCOKUMH TPUOOTEXHIY-
HUMU XapaKTePUCTUKAMU.

Kio4oBi cioBa: ckiisini BOJIOKHA, apaMijiHi BOJIOKHA, eJIeKTPOMArHiTHe moJe, 00po0dKa yIbTpasByKoM, IHTEHCHBHICTD 3HOILY BAHHS.
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BU3HAYEHHS 3AKOHOMIPHOCTEN BUJIYTOBYBAHHS TUTAHY(IV) 3 LIBMEHITY IPHIAHCBKOTO
POJIOBHIIIA (c. 28-35)

C. B. IIucapenxo, O. M. Kamincobkuii, P. O. [lenuciok, O. C. €snouenxo, O. E. Uurnpuneusp, O. B. Aniukina, O. }0. ABneena,
1O. B. JIucenpka

B po6oTi B stk0CTi 06’€KTa MOCTIIZKEHHS BUKOPUCTAHO 1IbMEHITOBUI KOHIIEHTPAT [pIIanchKoro pogosuiia. BusHaueHo eJeMeHTHUN
CKJIa/l MiHepaJbHOI CHPOBUHU, MiATBEP/AKEHO HOTO CTPYKTYPY 32 IOTOMOTOI0 PEHTTeHiBChKOI AMdpaKiiii Ta CKaHyIouoi eJeKTPOHHOI
Mikpockoriii. EkcriepuMeHTaIbHi OCHIIPKeHHS [T0Ka3aJu, 1110 1JIbMeHITOBUI KOHIIeHTpaT IpiiaHchbKOro pojioBullla Ma€ 3HAaYHUIT BMiCT



TUTaHy B HepepaxyHky Ha Tutad giokcun (79 %). MinepaibHa CHPOBHHA 3 TAKMM XiMIYHUM CKJIQ/[OM € YHIKQJIbHOIO, TOMY [OCTAE T10-
Tpeba B TONIYKY aJbTEPHATHBHUX CIOCO6iB Ii mepepobku. BeTaHoOBIEHO, 110 MAKCHMATBHIN CTYIIHD BIJIYIEHHS Y TPOIIEC] JTY:KHOTO
BHUJIYTOBYBAaHHS 1/IbMEHITOBOTO KOHIIEHTPATY /IOCATAETHCS 32 YMOBH, 1[0 CepPe/Hiil iaMeTp 4YaCTUHOK MiHepaJbHOI CUPDOBMHY ITOBUHEH
craHoBuTr <71 MxM. B pesysbraTi TemnepatypHux H0CTi/KEHb BUSBUIIH, MO 32 aTMOC(HEPHOTO THCKY /Il OTPUMAHHS KaJliil TUTAHATY
nocratHboto € Temmeparypa 453 K. [Togasbiie miaBUIIEHHST TEMIIEPATYPHU He 3a06€3MeUye CYTTEBE 3POCTAHHS CTYTEHS BUIYYEHHS TUTA-
HY, a TAKOXK CIIPUSIE€ YTBOPEHHIO MOJITUTAHATIB Pi3HOTO ckiany. JlocaipkeHHs BIINBY MOJIBHOTO CIIBBiHOUIEHHS BUXIZIHUX peareHTiB
Ha CTyminb BusydeHus TuTan(IlV) 3 i1bMeHiTOBOTO KOHIIEHTPATY MTOKA3aJ10, IO ONTUMAaJbHe MOJIbHE CITiBBiIHOMEHHS MisK KOMIIOHEH-
TaMM BiANOBiae cTeXioMeTpUUHOMY i cTaHOBUTD 1:2. 36iblIeHHsA KiJTBKOCTI Kasiil rigpokcuay B peakiiiiuiii cymini € HepomiabHuM,
OCKIJIBKY TIPU I[bOMY 3MEHIIYETHCS BUXI/[ KaJiil TUTAHATY, a KIHI[EBUI MPOAYKT MATUMe BUCOKY JIYKHICTh 32 PAXYHOK HAJJIUIIKY JIYTY.
OnTuMaIbHUI Yac JyKHOTO BUJIYTOBYBaHHsSI CTAHOBUTH 3 TOAMHU MOCTIHOTO HATpiBYy Ha ruinepunosiil 6ani. [Togaabiine 36iabIIerHHs
TPUBAJIOCTI HArPiBaHHSI HE IPU3BOAUTH 10 301JIbIIEHHS BEJIMYUHU CTYTIEHS BUIYUYEHHSI, 1[0 OB’ s13aHO0 3 Andy3i€io Jyry 3 MOBEpXHi 3a-
POZIKY B 06’€M YaCTHHOK 1JIbMEHITY Yepe3 yTBOPEHi MPOAYKTH B3a€MOJIIT Ta aHiriJIsIii MOYaTKOBUX 3aPO/IKiB.
Kiio4oBi ciioBa: iibMeHITOBUI KOHIIEHTPAT, JY)KHE BUJIYTOBYBAHHS, KaJill TiIPOKCUJ, Kaliil TUTAHAT, CTYIIHb BUJIYYEHHS.
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BU3HAYEHHA TEXHOJIOTTYHUX ITAPAMETPIB OTPUMAHHSA SATOTOBOK TUTAHOBOTI'O CIIVIABY
TA15 3 IIIBUINEHUMU MEXAHIYHUMU XAPAKTEPUCTUKAMU METOZIOM EJTIEKTPOHHO-
ITPOMEHEBOTIO 3D IPYKY (c. 36-45)

C. B. Axonin, B. M. Hecrepenkos B. B. [Tammucekuii, B. A. Matsiiiuyk, C. I. MotpyHiy, B. O. Bepesoc, I. M. Ki1oukoB

OG6’eKTOM JOCTIIZKEHHS € TPOIEC eJIeKTPOHHO-TIpoMeneBoro 3D apyky BUpoOiB i3 nmopouiky Tutanosoro ciiasy TA15. B po6ori pos-
TJISTHYTO 0COOIMBOCTI GOPMYBAHHS CTPYKTYPH Ta BIACTHBOCTEN 3arOTOBOK CIIJIABY, OTPUMAHOTO BKazaHUM MeTO0M. JlOCTiIKeHO BIIUB
TapamMeTpiB mporecy (MOTYKHOCTI eJIeKTPOHHOTO ITyYKa Ta TeOMeTPUYHIX TTapaMeTpiB CKaHyBaHHA) Ha (DOPMYBAHHS CTPYKTYPH Ta MeXa-
HIYHMX BJACTUBOCTEI MaTepiaiy.

Kpox amimtennst TpackTopii npomerio aminioBasu Biz 0,1 10 0,25 mm 3 inrepsasom 0,05 mm. ITuTomy eHepriio eJeKTpOHHOTO TIPOMEHIO
smintosaau Biz 20 10 70 Jxk/MM3 11 KOKHOTO 3HAYEHHA KPOKY 3MilllCHHS TPAECKTOPI.

MaxkpocTpyKTypy AOCHIKYBAJIN Bi3yaabHO, MiIKPOCTPYKTYPY BHBYATIH METOJIOM ONTHYHOI MiKpockormii. MeXaHiqHi BIacTUBOCTI BU-
3HAYaJIM TIPU BUIIPOOYBAHHSX HAa OJHOBICHUIA PO3TAT Ta yAapHUii 3riH. BecTaHOBIEHO, 110 B 3a/e5KHOCTI B napameTpis 3D ApyKy Makpo-
CTPYKTypa OLJIBIIOCTI 3Pa3KiB € HIiIbHOIO, ajie TIPH HECIPUSATAUBUX [TapaMeTpax MOKyTh GopMyBaTucs AeeKTH Y BUIJIS/I HECIJIABJICHD
260 BTOPUHHOI yCaZKOBOI MopucTOCTi. MiKpOCTPYKTYpa AEHAPUTHOTO THITY Ma€ o +f miacTuHYacTo-roayacTy Mopdosorio, ii aucmnepc-
HicTb Ta (hopMa BUJIIIEHD o -(ha3u 3MIHIOETHCS B 3aJI€3KHOCTI BiJl ITapaMeTpiB MPOIIeCy.

Busnadero, 1o Kpok ckanyBanHs 0,2 MM Ta enepris mpomerio 40 [ /MM 103BoJIS€ OTPIMATH AMCTEPCHY MiKPOCTPYKTYPY MaTepiary,
B SIKOMY BiJICyTHI HeCILJIaBJI€HHsI Ta MiKPOIIOPHU YCaJKK. 3HAYEHHSI XapaKTePUCTUK MillHOCTI Ha 24—27 % BUII, HIX y CIIaBY OTPUMAHOTO
10 TPa/UIiiTHII TeXHOJIOri] eJIeKTPOHHO NPOMEHEBOTO IIaB/eHHs. BinHocHe mogosxkenns Buiie y 3,2 pasu. IIpore 3HaueHHs yaapHoi
B’SI3KOCTI IIPU HECTIPUATIUBIN OpieHTaIliT 3pa3Ka 110 Bi[HONUIEHHIO 10 HAPSMKY TIPUKJIaJCHHsT HaBaHTaKEHHsT MOKYTh OyTH HUKYE Y TTOPiB-
HSAHHI 3 TPaAUIIHOW TexHOooTien. OTpUMaHi pe3yabraTi MOKYTh OyTH BUKOPUCTaHI IIPU PO3POOIL TPOMUCIOBOI TexHOoa0Tii 3D apyKy
BUPOGIB 3 BUCOKOMIIIHUX THTAHOBHUX CIIJIABIB.

KmouoBi cioBa: enekrponno-nipomenesuit 3D apyk, turanosuii criaB, TA15, rexnosoriuni mapamerpu, Merasorpadiysi goci-
JUKEHHS.
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MIABUINEHHS CTIMKOCTI BOKOBOI MATPHUIII 10 TEPMIYHOTI'O YIAPY B ABTOMOBLJIbHOMY
JIUTTI: HOPIBHAJIBHE JOCIIKEHHA MATEPIAJIIB FCD550 TA SKDG6 (c. 46-55)

Herry Patria, Iwan Susanto, Belyamin, Dianta Mustofa Kamal

[TigBumenHs cTifikocTi GOKOBMX MaTPHIh 10 TEPMIYHOTO yAapy B MalllMHaX i3 mpec-hopMaMu 6YJI0 TOCSITHYTO MIJISXOM 3aMiHI Marte-
piarry FCD550 marepianom SKD6. OCHOBHO TIPO6IEMOI0, SIKY PO3TJISIAITh, € PO3TPICKYBaHHSA OIYHUX MATPUIIb YePe3 TEPMIYHUIA yaap,
CTPUYNHEHNH MPUCKOPEHNM BUPOOHUUYNM IMPOIECOM, IO MPU3BOANTD [0 3YNUHKI BUPOOHUITBA Ta HEBUKOHAHHSI BEJIMKUX 3aMOBJIEHD
KJi€eHTiB. JlociisKeHHsT ClIpsIMOBAaHe Ha BU3HAYEHHs MaTepiay, sKUN MOKe Kpallle IPOTUCTOSATU TepMidvHOMY yaapy, ik FCD550, tum
CaMUM I/IBUILYIOYH AOBTOBIYHICTb GIYHUX MATPHILh i 3arajbHy MPOAYKTHBHICTH BUPOGHUYOTO TIporiecy. JLOCHi/PKeH ST BKITIOYAIO TPsIMi
BUPOOHMYI eKcriepuMenTH, anaxi3 Matepianis FCD550 i SKD6, orinky XxapaKTepuCTHK MAaTPUILl Ta OI[IHKY XapaKTepPUCTUK FOTOBOTO MPO-
AYKTY 710 Ta Micjist 3MiHu Matepiany. Byau nposeneni sabopatopHi BUIIPOOYBaHHs Ta BUIIPOOYBAHHS HAJIATOKEHHSI MAIIUH, BAPIOBAHHS
BUPOOHWYKX MPOTIECiB Ta OlliHKa pe3ysbraTiB. OTpuMaHni gadi cBizgats mpo te, o SKD6 € 3HauHo CTI#KIImM 10 TepMIiYHOTO yaapy, Hixk
FCD550 y mammmnax i3 npec-opmami. Jloc/ipKenns TopiBHIOBAIO MIllHICTh MaTepianiB 6i4HIX MaTPUIh 3a IOTIOMOTOT0 TabJIMIb AaHKUX i
CKOPUTOBAHUX MapaMeTPiB HAMANITYBAHHS B iICHYIOUMX YMOBaX OXOJIO/KeHHs. EKCIiepuMeHT nepenbadas 3MiHy CTaHAAPTHOI TeMIIepaTypu
3 520-545 °C 1o 532-538 °C i ckopouenHst yacy 3amouyBaHHst 3 MitiMmym 270—540 cexynn no 332 cekyuz. Ile ckopoTmio yac 3amouyBaH-
Hs 3 69 cexynn 10 46 cexynn i yac Butpumkn 3i 190 cexyna 1o 180 cexyn, migBuimumsimg mpogyKTUBHIiCTh auTTs 3 194870 mtyk/28 nuHiB
1o 213311 mtyk/28 AHIB Ha ceMU MalIMHAX, TAKMM YHHOM 3a/[0BOJIBHSIOUN BUMOTH 3aMoBHHUKa 111010 200000 mTyk/28 nHiB Ge3 Giunux
TpimuH. BunpobyBanus Ha J0BrOBIUHICTD I'ATH 3pa3KiB IPOAYKIIi Bianosiano 1o crangapris TSD5605G niarsepaniiu, o SKicTh BiAIo-
Bijla€ BUMOTaM 3aMOBHHKA.

KiiouoBi cioBa: TepMivHuii yaap, JUCKOBE KOJIECO, BAPOOHUIITBO, aBTOMOOLIBHI JieTasi, MPOAYKTUBHICTD JUTTSI.



DOI: 10.15587/1729-4061.2024.307040
CHUHTE3 HAHOPO3MIPHOTO ITOPOIIKY NiCrAlY HIJIAXOM BUCOKOEHEPTTIHOTO KYJbOBOTO
DOPE3EPYBAHHA /111 HAHECEHHA NIOKPUTTA TEPMIYHUM PO3IIUJIEHHAM (c. 56-61)

Irma Pratiwi, Husaini Ardy, Budi Prawara, Raden Dadan Ramdan, Fahdzi Muttagien

Crorozui, iz yac pobeM 3MiHK KJIiMaty, B eHepreTHYHii IPOMHUCIOBOCTI BiOYBCs epexi/l Bi/l BAKOPUCTAHHS BUKOITHOTO MaJnBa 10
GBI €KOJIOTIYHO YMCTOTO MAMKMBA, TAKOTO K NaarBo 3 6iomacu. [Tanmuso 3 Giomacu BBaxkaeTbest COy-HENTPATBHIM, OCKITIBKY BYTJIEIlb, 110
YTBOPIOETRCA Tijl Yac cramoBanns y Buriaai BUKnAiB COy, MokHa BUKOPUCTOBYBATH /TS POCTY HOBUX pocanH. OHak, KpiM mepeBar BUKO-
puCTaHHs MaiuBa 3 6ioMacu, BUHUKAE TPOOJIEMa, KON MaJIuBO 3 6ioOMach MiCTUTh BUCOKY KOHI[EHTPAIII0 KOPO3IiHIX PEYOBHUH, SIKi MOXKYTh
BUBILIBHATHCS PA30M 3 TapsiIiM IMaJNBHUM ra3oM. Lli KoposiiiHi peuoBMHM MOXKYTh HOMIKOAUTH KOMIIOHEHTH KOTJA. TeXHOJIOris HOKPUTTS
€ OJIHUM i3 pIllleHb JIsT 3aXUCTY KOMIIOHEHTIB, SIKi TPAIIOIOTh ITPY BUCOKHUX TeMIIEPaTypax, BijJl 3arpo3u Koposii. OfHnuM i3 THITB TTOKPUTTS,
sIK€ MOKHA BUKOPUCTOBYBATH Y BUCOKOTEMIIEPATYPHUX 3aCTOCYBaHHsX, € MOKpuUTTsi NiCrAlY 3a 101oMOrorw BUCOKONIBUAKICHOTO OKCHUTHOTO
nporecy (BOII). Onniero 3 1ikaBuxX TeM € BAKOPUCTAHHS HAHOMACIITAOHOTO TTOKPUTTS J7IsT T ABUIIEHHS CTIHKOCTI MOKPUTTSI 10 TAPSIY0i KO-
posii Ta po3rpickyBanHs. HaHopo3MipHa MOPONIKOBA CUPOBIHA HEOOXiHA /7 BUPOOHUIITBA HAHOPO3MIPHOTO MaTepiary IOKPUTTSL. Y IbOMY
JIOCJII/IKEHH] METOJ| «3BEPXY BHI3» BUKOPHCTOBYETBCS /ISl CHHTE3Y HAHOPO3MipHOTO mopotiky. OfnH 3 HaliKpalmx MeTo/IiB, IPOIIeC BUCO-
KOEHEePreTHYHOTO (ppe3epyBaHHs, € HEPCIEKTUBHUM METO/IOM CHHTe3y HAaHOPO3MipPHOTO MOPOITKOBOTO MaTtepiary. ToMy B ITboMy /0CTiIZKeHHI
JUIS IPUTOTYBAHHS HAHOPO3MIPHOTO IIPOJIYKTY BUKOPHCTOBYETBCS IIPOIIEC KYJIbOBOTO (hpesepyBaHHs. PesyssraTi mokasasu, o 1eil MeTos
6yB YCIIIIHIM ST BUTOTOBJIEHHST HAHOPO3MipHOTO TTopoIrnKy. HanopoamipHuii Toporok 6yB 0XapakTepU30BaHMH KiTbKOMa METOIAMHU IS
JOCTiIKeHHsT MOP(oJIoTii Ta BiracTUBOCTEl MopoiKis. OfHak y BUPOOHUIITBI HAHOPO3MIPHOTO MOPOIIKY, AKKH BiANOBiZa€ BUMOraM IIOPOIII-
koBoi cuposunn BOTI, Bee mie icHye 6arato npobsem. Y 10BroCTPOKOBIl IEPCIIEKTUBI OUiKYEThCS, IO 1€ TOCTIKEHHST 3MOKe BIMOBICTH Ha
i BUKJIMKH, 1106 Y THACYMKY MOKHa GyJI0 I0CSATTH IPUIHATHOI IKOCTI HAHOPO3MiPHOTO TIOPOIITKY.

KiouoBi cioBa: 11okpuTtsi, Bucokomsukicie okeuaauii mpoiec (BOIT), NiCrAlY, HaHOpo3MipHUIT MOPOLIOK, BUCOKOECHEPTETHYHE
¢pesepyBanms.
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BCTAHOBJIEHHS 3AKOHOMIPHOCTEI CTPYKTYPOYTBOPEHHS IIOJIIMEPHUX HAHOKOMITIO3UTIB
HA OCHOBI IIOJIIAMIZTY 6 ¥V ITIPOITECAX IX KPUCTAJISAIIII (c. 62-68)

H. M. ®iaako, H.O. Mepanosa, IO. B. Illepenxoscbkuii, P. O. HaBpojcbka, B. II. Ba6ak, B. M. Kop:kuk, M. M. Jlazapenko,
Neli Koseva, O. B. Konopega, P. B. [lin:koc

CratrTa mprucBsYenHa eKCIepuMeHTaTbHO-PO3PaxXyHKOBIM AOCTI/PKEHHAM 3aKOHOMIPHOCTEH CTPYKTYPOYTBOPEHHS MOTIMEPHUX HAHOKOM-
TIO3UTIB [PV BUKOPUCTAHHI Pi3HUX THITB HAMIOBHIOBaYiB. /lociKeH S TPOBEIEHO JIJIsI HAHOKOMITO3UTIB HA OCHOBI MoJtiaMity 6, HAITOBHEHOTO
BYTJIEIIEBUMU HAHOTPYyOKamMn ab0 HAHOYACTUHKAMU JIOKCULY KPeMHIt0. B X0l m0C/iKeHb BapitoBasacst MacoBa 4acTKa HaloBHIOBAYA — Bijl
0,2 % mo 4,0 %, Ta MBUAKICTD OXOJIOKEHHST KOMITIO3UTY 3 posmiasy — Bix 0,5 K/xB. no 20 K/xs.

HaBezneno nani ekcriepiMeHTaIbHO-TEOPETUYHUX JOCI/PKEHb MEXaHi3MIB CTPYKTYPOYTBOPEHHS KOMIIO3UTIB 32 METOJMKOIO, 1[0 BKJIIO-
Ya€ /iBa eTamny. 3TiJHO 3 TMEePIINMHI eTalloM eKCIIePUMEeHTalIbHO OfEPKaHO €K30TePMI KPHCTai3allii HAaHOKOMIIO3UTIB TIPH iX OXOJIO/KEHH] 3
PO3IIaBy 3 33/[AHOI0 MOCTIIHOIO MBU/KICTIO. BcTaHOB/IEHO 3a/I€KHICTD PI3HUX XapPAKTEPUCTUK IPOIeCy KPUCTAJI3aIliil Bi/l MACOBOI YacTKU
HAIOBHIOBAYA Ta MIBUKOCTI OXOJIO/PKEHHST KOMIIO3UTY.

Ha npyromy erami Ha ocHOBI aHasizy o/ilep>KaHiX eK30TepM KPUCTai3allii BAKOHAHO TEOPETUYHI TOCTi/PKEHHS 3 BU3HAUYEHHS MeXaHi3MiB
CTPYKTYPOYTBOPEHHsI HAHOKOMIIO3UTIB Ha PI3HUX CTafAisAX KpucTatizauii. [y noyatkoBoi cTafii 3rifiHo 3 pIBHAHHAM HyKJIealil I0Ka3aHo Ha-
SIBHICTD JIBOX MEXaHI3MiB CTPYKTYPOYTBOPEHHSI — TIONMHHOTO i 06’€éMHOTO.

B pamkax piBusuus KosmoropoBa — ABpami BCTaHOBJIEHO MEXaHi3MH CTPYKTYPOYTBOPEHHSI HA HACTYIHIN cTail KpucTastisaiii, mo
BitroBizae (hopMyBaHHIO B Marepiai BIOPSAKOBAHUX CTPYKTYP y 06'€Mi MOJIMEPHOTO KOMIIO3UTY B Iiiomy. JlOC/IPKEHHST BUKOHAHO B
TIPUITYIIEHH] HASBHOCTI MeXaHi3My KPHCTaJi3allil BJacHe TOJIMEePHOI MaTPHILi, SKUH peali3yeTbcs Ha MIIYKTYAIisIX TYCTUHU TTOTiMEpY, Ta
MeXaHi3My KpHCTasi3allii, IleHTpaMK KOl CIyTyIoTh YaCTUHKY HallOBHIOBava.

BukopucTtaHHsT MPOMOHOBAHNX HAHOKOMIIO3WTIB € MEPCIIEKTUBHUM TSI BUTOTOBJIEHHS J€TANEH €HepreTHYHOr0 00MaiHAHHS, €JTeKTPO-
HHOT TEXHIKH, €JIEMEHTIB YCTaHOBOK XiMi4HOI, nepepobHoi, 000POHHOT HIPOMKCIOBOCTI TOIIO.

KiiouoBi ciroBa: mosiiMepHi HAHOKOMITO3UTH, BYTJIEIeBi HAHOTPYOKH, TIOKCH KPEMHII0, €K30TEPMH KPUCTAJI3AIli1, MEXaHI3MU CTPYKTY-
POYTBOpEHHS.



