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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHa JOCTIIKEHHIO 3aKOHOMIPDHOCTE OTPUMAaHHS IOPOLIKiB c1iyiaB Al-15Fe
METOJOM MEXaHIYHOro AUCIepryBaHHS PO3IJIaBiB Ta TEXHOJIOTIH 0aJbIIOr0 KOMIIAKTYBAHHS BUPOOIB 3 HUX
METOJJaMU [IPECYBaHHS 3 HACTYIIHUM CIIiKaHHSM Ta rapsyuM ITaMnyBaHHsIM. OCco6MBY yBary NpuiijieHo CIjlaBaM
Al-15Fe 3 no6aBKaMu TBepauxX MacTu rpadity Ta Aucyabdiny MosibaeHy, K Hai6ibil IepClIeKTUBHUX CUCTEM
L7151 BAKOPUCTAHHS B 0071aCTi TpMOOTEXHIYHMX MaTepiasiB. YHACIIIOK aHaJIi3y MEeTOZiB OTPUMaHHS [TIOPOLIKIB
cruiaBiB Al-Fe nmokasaHo, 1110 Hai6inbi e(peKTUBHUM METO/IOM OTPUMAaHHSI IOPOUIKIB 3 AUCIIEPCHO-3MiI[HEHOIO
CTPYKTYPOIO € PO3NWIIOBAHHS PO3IIaBiB PilMHAMU Ta ra3aaMy BUCOKOTO TUCKY. 3a JaHUX YMOB iX OTPMMaHHS
BiiOyBaeTbCs (POPMYBAHHS AUCIEPCHUX (a3 iHTepMeTasiliB 3a paXyHOK MIBUIKOCTI OXOJIO/IKEHHS IIPOLYKTIB
nucriepryBaHHs y Mexkax 105 — 106 °C/c. Y pospini 2 gucepraniiiHoi pob0TH HaBe[eHO 3arajbHy XapaKTepUCTUKY



BUXiIHUX MaTepiasiB, METO/IiB OTPUMaHHS OpouIKiB Al-15Fe MeTogaMy MeXaHiYHOTo AUCIEPTyBaHHs Ta iX
nojaJblle VIIiIbHEHHS] METOLAMY IIPECYBAHHS 3 HACTYITHMM CITIKaHHSIM Ta rapsidoro ITaMIyBaHHs. BignosingHo 1o
AHaJIITUYHOTO ONUCY IIPOLIECIB TUCIIEPTYBAHHS BCTAHOBJIEHO, 10 MIBUIKICTh OXOJIOIKEHHS B JOCIIIIKyBaHMX
yMoBax 3MiHI0eTbCs Bif, 1 x 107 °C/c no 2,2 x 107 °C/c i B cepepgHbomy ckaazae 1,5 x 107 °C/c. [TokasaHo, 110
MIKPOCTPYKTYypa IOPOUIKIB CK/IaJaeTbCs 3 MATPHL i3 TBEPOro PO3YMHY alIOMIiHIIO Ta pIBHOMIDHO PO3MNOiIIEHNX
¢da3 inTepmeraninis. BigmiyaeTbcst yrBopeHHs cTabinbHoi All3Fe4 ta MmetacTabinbHOi dasu Al6Fe, ska
KPUCTaJIi3yeThCs Y BUTJIAAL UCIIEPCHUX YACTUHOK PO3MipOM 1 — 3 MKM Ta y BUIJIAI CTiI/IbHUKOBOI €BTEKTHKU SIKa
CKJIaIA€THCS 3 JBOX B3a€EMO NepenseTeHux JeHapuTis 0-Al Ta Al6Fe. Y Hacimok nmpoBeeHoro aHajaiTUYHOTO ONUCY
npolecy IPeCcyBaHHs MOPOLIKIB OTPUMAHUX AUCIEPryBaHHSAM po3aBy Al-15Fe, 3riflHO TeopeTUYHuX 3acaf,
IIpOLECIB yIiIbHEHHS 3aKafeHnx M. 0. banbHuM, BCTAHOBJIEHO MEXaHi3M KOMIIaKTyBaHH4. [Ioka3zaHo, 10 mifn
yac 306i7IbIIE€HHS CTyNeHs gedopmalii ¢pakTop npecysanHs L B piBHSHHI npecyBaHHs 3a M. [0. banbmuHuM He
3aJIMIIAETHCS MTOCTIHUM, a 36inb1yeThcs. OCTaHHE BKA3ye Ha Te, 10 B OCHOBI YUIIIbHEHHS JIEXKUTh HE TilIbKU
njactTuyHa nedopmaliist, a IpUAMalOTh yyacThb U iHmi nmpouecy. JJocinKeHHSIM NPOLeCiB CIiKaHHS! BCTAHOBJIEHO,
10 VIIiJIbHEHHS TPECOBOK 3i craBy Al-15Fe nin yac HarpiBaHH4 B iHTepBazi Temnepatyp 500 - 600 °C npoTsirom
30 XB B cepeJ0BULIi BOJIHIO, CYITPOBOIPKY€EThCS IIPOSIBAMU Bil’€MHOI yCaJKH, SIKa 3pOCTAE 3i 301/IbIIEHHSIM 4acy
isorepmivHOi BUTpuMKU. OCTaHHE 3yMOBJIEHO TpaHchopMalieio meTactabinbHoi dasu Al6Fe y All3Fe4 | sxa
CYIIPOBOMKY€ETHCSI 30iIbIIEHHSIM [IMTOMOTO 06'eMy. 3aCTOCYBaHHS [J1s1 KOMIIAKTYBaHHSI ITIOPOLIKIB 3 criaBy Al-15Fe
iMITyJIbCHOTO METOAY VLIiJIbHEHHS FapsS4YuM IITAMITyBaHHSIM 33 BCTAHOBJIEHUMU ONTHMMaJIbHYIMU YMOBAaMU (€HEpris
mwTamnyBaHHs 2,5 KX Ta Temneparypa nomnepenHporo HarpiBy 500 °C) cipusie OTPMMaHHIO TPaKTUYHO
6esnopucTtux matepiamis. [I[poBefieHO eKcriepuMeHTaJbHI JOCTIIP)KeHHS 1010 OTPUMAaHHS Ta BUBYEHHS
BJIACTMBOCTE yncToro intepmeraininy All3Fe4. Orpumani pyHnameHTasnbHi faHi BnactuBocTeil Al13Fe4, a came
MoayJib pykHOCTi cknazae 180 + 10 I'Tla, mikporsepaicts 1000 + 15 HV, mexxa minHOCTI Ha 3ruH - 63 + 5 MIIa,
KoedinienT TeronposinHocTi 20 + 3 Br/MxK, nutomuit enekrpoorip - 2 + 0,7x10-6 Omxm. OTpuUMaHi [aHi sy B
OCHOBY MOJIeJIIOBaHHS BjacTUBOCTeM criiaBiB Al-15Fe. Bysio BCTaHOBJIEHO, 1110 PO3PaxXyHKOBI 3riJHO po3p0o06yeHuX
Mojiesniel 3HaU€HHS MilTHOCTI Ha po3TAr ckianaoTb 350 + 12 MI1a, B TO 5Ke yac 1715 CIJIaBiB OTPUMAaHUX rapsyum
IITaMITyBaHHSIM €KCIIEpMMEHTAJIbHI 3Ha4Y€HHS MiLIHOCTI Ha po3Tar ckiazae 250 + 8 MIIa, a njis crevenux 150 + 10
MITa. Ockinbky, 6inbLUIiCTh TPUOOTEXHIYHMX MaTepialiB MPalol0Th B yMOBa CTMCKAJIbHUX HaBaHTaXKEeHb, OYJI0
IIPOBEJEHO OCIiIP)KEHHSI MEXaHIYHUX BJIACTUBOCTEN B YMOBAX CTUCKY 3aJIEXKHO Bifl METOLly OTPUMAaHHS MaTepiany.
[TokazaHo, 110 CIIJIaBM OTPUMaHi rapsid0io MTaMIIOBKOIO MAlOTh MeXY TeKy4ocTi Ha piBHi 350 + 10 MIIa, HaTOMiCTb
nicyis cniikanHg 240 + 13 MITa, mo Moske 6yTH 3yMOBJIEHO Pi3HUM MeXaHi3MOM (POPMYBaHHSI METAJIEBOTO KOHTAKTy
MiX BUXiIHMMU YaCTUHKAMU IIOPOIIKY Iif} Yac ix yulisibHeHHs. BUX0o[s4yu 3 BUMOT 10 MaTepiasiB TpUOOTEXHIYHOTO
IIPM3HAYEHHS BiTHOCHO iX BUCOKOI TEIJIONPOBIAHOCTI O0yJIN AOCTiIKEeH] TeII0(pi3nyHi XapaKTepUCTUKU CIIJIaBiB
Al-15Fe. OTpuMaHi 3Ha4€HHs TEIIONPOBigHOCTI crasiB Al-15Fe 3miHIOI0ThCS B MesKax 145 - 150 + 8 Br/mxK
3aJIEXKHO Bifl yMOB ix oTpuMaHHs. B po60Ti 6y/u npoBenieHi JOCiKeHHS [10 BUBYEHHIO ITPOLECiB OKMCHEHHS
cnaBi 3a Temneparyp 300 °C, 500 °C, 700 °C ta 900 °C npoTsrom pisHoro yacy BUTpUMKHM B Mexkax 30 - 120 xB Ha
NOBITpi. AHaJIi3 OTPUMaHUX PE3yJIbTATIB OKMCHEHHS MOKasye, mo 3a Temnepatyp 300 — 500 °C npouecu 3miHu Macu
i, BIATIOBiIHO, OKMCHEHHS IIPAaKTUYHO He Bif0yBaloThCS. BinnoBigHO 10 peHTreHiBChbKUX OCTiIKEeHDb 32 TEMIIEPATyP
okucHeHHs 300 °C - 700 °C rakox ineHTudikyoTbcs pediexcu ¢as 0-Al203, Al, Al6Fe. OTpuMaHHs CIJIaBiB
TPUOOTEXHIYHOTO [IPU3HAYEHHS B POOOTI NPOBOAMWIIN 3 06aBKaMM TBEPAUX MacTui Ha ocHOBi C Ta MoS2. 3a
HagBHOCTI TBEPJUX MACTUJI B 30Hi TEPTS, IPOAYKTY PYMHYBAHHS Ta IIAPY MACTUJI 3MILIYIOTLCS, YTBOPIOIOYU

BTOPVHHI CTPYKTYPHU.

2. The dissertation is devoted to the study of the regularities of obtaining powders of the Al-15Fe alloy by the
atomization and technologies of further compaction of products from them by methods of pressing followed by
sintering and hot forging. Special attention is paid to Al-15Fe alloys with additives of solid lubricants of C and
MoS2, as the most promising systems for use in tribotechnical materials. As a result of the analysis of the methods
of obtaining powders of Al-Fe alloys, it is shown that the most effective method of obtaining powders with a
dispersion-strengthened structure is the atomization with high-pressure liquids and gases. In this case, the
formation of dispersed phases of intermetallics is due to the cooling rate of dispersion products in the range of



10™5-1076 °C/s. Chapter 2 of the dissertation gives a general description of the starting materials, methods of
obtaining Al-15Fe powders by atomization methods, and their further compaction by methods of pressing followed
by sintering and hot forging. According to the analytical description of the dispersion processes, it was established
that the cooling rate under the studied conditions varies from 1 x 10°7 °C /s to 2.2 x 107 °C/s and is 1.5 x 107
°C/. It is shown that the microstructure of the powders consists of a matrix of solid aluminum solution and evenly
distributed intermetallic phases. The formation of a stable and a metastable phase is noted, which crystallizes in
the form of dispersed particles with a size of 1-3 um and form of a cellular eutectic consisting of two interwoven
dendrites of o-Al and Al6Fe. As a result of the analytical description of the pressing process of atomized powder,
according to the theoretical principles of compaction processes laid down by M. Balshin, a compaction mechanism
was established. It is shown that during an increase in the degree of deformation, the pressing factor L in the
pressing equation according to M. Balshin does not remain constant, but increases. The latter indicates that
compaction is based not only on plastic deformation but also on other processes. The study of sintering processes
established that the densification of Al-15Fe alloy at 500-600 °C for 30 min in a hydrogen environment is
accompanied by manifestations of negative shrinkage, which increases with increasing isothermal holding time.
The latter is caused by the transformation of the metastable Al6Fe phase into Al13Fe4, which is accompanied by an
increase in the specific volume. The use of the pulse compaction method by hot forging for compaction of Al-15Fe
alloy powders under established optimal conditions (stamping energy 2.5 kJ and preheating temperature 500 °C)
helps to obtain practically non-porous materials. Experimental studies were conducted on obtaining and studying
the properties of pure All3Fe4 intermetalide. Fundamental data on the properties of All13Fe4 were obtained,
namely, the modulus of elasticity is 180 + 10 GPa, microhardness is 1000 + 15 HV, bending strength is 63 + 5 MPa,
thermal conductivity is 20 + 3 W/mxK, electrical resistivity is 2 + 0, 7x10-6 Ohmxm. The obtained data formed the
basis for modeling the properties of Al-15Fe alloys. It was established that the calculated values of tensile strength
according to the developed models are 350 + 12 MPa, at the same time, for alloys obtained by hot forging, the
experimental values of tensile strength are 250 + 8 MPa, and for sintered alloys 150 + 10 MPa. Since most
tribotechnical materials work under compressive loads, a study of mechanical properties under compression was
conducted depending on the method of obtaining the material. It is shown that the alloys obtained by hot forging
have a yield strength of 350 + 10 MPa, whereas after sintering it is 240 + 13 MPa, which may be caused by a
different mechanism of metal contact formation between the original powder particles during their compaction.
Based on the requirements for tribotechnical materials regarding their high thermal conductivity, the
thermophysical characteristics of Al-15Fe alloys were investigated. The obtained values of thermal conductivity of
Al-15Fe alloys vary between 145 - 150 + 8 W/mxK depending on the conditions of their production. In the work,
studies were conducted to study the oxidation processes of alloys at temperatures of 300 °C, 500 °C, 700 °C, and
900 °C during different exposure times within the range of 30 - 120 min in air. The analysis of the obtained
oxidation results shows that at temperatures of 300-500 °C, mass change processes and, accordingly, oxidation
practically does not occur. According to X-ray studies, reflections of 0-Al203, Al, and Al6Fe phases are also
identified at oxidation temperatures of 300 °C - 700 °C. Production of tribotechnical alloys was carried out with
additives of solid lubricants in the friction zone, destruction products, and a layer of lubricants mixed, forming
secondary structures.
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Micue3HaxoaKeHHS: oysbBap Akanemika Bepnancokoro, 6yg. 36, Kuis, 03142, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:



1. Tonounn Onexkcangp IsanoBuY

2. Oleksandr 1. Tolochyn

KBastidikamis: . 1. u., crapumit HayKoBuii CiiBpoGiTHYK, 05.16.06
InenTudikarop ORCID ID: 0000-0003-2387-6446
JoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0CO0H: IHCTUTYT TpOGIeM MaTepiasio3HaBeTBa im. 1. M. Ppaniiesuya

HanjionanbpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05416930

Micue3HaxoaKeHHS: ByJ. OMensna [lpiuaka, 6yg. 3, Kuis, 03142, Vkpaina
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. AMmMHCHKUYM Muxamnao MuxamnaioBu4

2. Mykhailo M. Yamshynskyi

KBasigikamis: x. 1. u., npodecop, 05.16.04
Inentudirarop ORCID ID: 0000-0002-2293-2939
JoparkoBa iHdpopmamuist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjionanbHuii TexHiuHmil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:

1. MiHiupkun AHatosin BsyeciaBoBuY

2. Anatolii Minitskyi

KBasigikanis: 1. 1. u., npodecop, 05.16.06
ImenTudikarop ORCID ID: 0000-0001-5767-4071
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921



Micue3HaxoaKeHHS: npocnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI CmupHoB Irop BonmopuMuposuy
TOJIOBH pajgu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI CmupHOB Irop BonopuMuposuy
rOJIOBYIOYOrO Ha 3acigaHHi

BiagmoBizasibHU 32 MiATOTOBKY Tecnsa Cepriit IOpiiioBird

00JIIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi IOpyenko TeTsHa AHaToiBHA

OisIIBHOCTI




