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PE®EPAT

PoGota Bmimtye: 117 cropinok, 39 pucyHskis, 17 Tabauie, 65 mocunaHb Ha
JiTepaTypHi JaHi.

O0’ekT  AOCHKEHHS  —  BHCOKOGHTPOMIiMHI  0araTOKOMIOHEHTHI
AICuNiFeCr i AICuNiFeTi crutaBmu.

MeTor po0OTH € MOCHIIKEHHSI CTPYKTYpPH Ta MEXaHIYHUX BIACTUBOCTEU
0ararokommoneHTHUX BHcoKoeHTpomniiHNX AICUNiIFeCr ta AICuNiFeTi cruaBiB
OTPUMAHUX METOJOM MEXaHIYHOTO JIETyBaHHS 3 MOJAJBIIOI KOHCOJIJAII€0
CHIKAHHAM 1] TUCKOM

B mnporeci MexaHIYHOTO JieryBaHHsS OyJO JOCHIDKEHO CTPYKTYpy Ta
dazoBuii ckiman OararokommnoHeHTHUX BucokoeHTpommiiHuXx AICUNiFeCr Ta
AICuNiFeTi cruraBiB. BcraHoBieHO, 110 00OWaBa CIUIABH MAalOTh OJHOGMA3HHI
ckian OLIK-TBepaoro po3unHy 3 HAHOKPUCTAIIYHOIO CTPYKTYpPOIO.

[Ticns cmikanua mig tuckoM 5 I'Tla mpu temmnepatypi 800 C mpotsrom 0,5
roguH BucokoeHTpormiiHi AICUNiIFeCr ta AICUNiFeTi cimaBu MarTh CTaOilIbHY
OLK ctpyktypy 3 Hesnaunum BMictoM [TIK Ta TTIK1 ¢a3. 3a nanumu
PEHTI€HOCTPYKTYPHOTO aHalli3y BCTAHOBJIEHHO 30€peKeHHS HAHOKPUCTAIIYHOTO
CTpyKTypHOTO cTany micis korcomaiii B AICUNiFeTI criiasi.

MetogoM  MIKpPOIHACHTYBAHHS  BCTAHOBJICHO, 1110 BUCOKOEHTPOMiiHI
AICuNiFeCr Ta AICuNiFeTi crutaBu micisi CIiKaHHS IMiJl THCKOM MarOTh BHCOKY

MIKPOTBEPAICTh, TPAHUIIIO MPOTIOPIIIHHOCTI (MPYKHOCTI) Ta TPAHUIIIO TEKYUOCTI.

KirouoBi cioBa (CIIOBOCIIONYUYCHHS): HOPOWIOK, MeXaHiuHe Jecy6aHHs,
HAHOKPUCMANIYHa — CMpYKmypa, @dazosuti  ck1ao, CHIKAHHA Ni0  MUCKOM,

0a2amoKOMNOHEeHMHUL UCOKOEHMPONIUHUL CNIAS.



ABSTRACT

The work contains 117 pages, 39 figures, 17 tables, 65 references to the published
data.

Object of study — high entropy multicomponent AICuNiFeCr and
AICuNiFeTi alloys.

The aim is to study the structure and mechanical properties of
multicomponent high entropy AICuNiFeCr and AICuNiFeTi alloys obtained by
mechanical alloying whith followed consolidation by sintering under pressure.

In the process of mechanical alloying was investigated structure and phase
composition of multicomponent high entropy AICuNiFeCr and AICuNiFeTi
alloys. It was established that both alloys are single phase BCC-structure solid
solution with nanocrystalline structure.

After sintering under pressure 5 GPa at 800 for 0.5 hours‘C high entropy
AICuNiFeCr and AICuNiFeTi alloys have stable BCC structure with little content
FCC and FCC1l phases. According to X-ray diffraction saving installation

nanocrystalline structure state after consolidation AICuNiFeTi alloy.

Technique of microindentation found that high entropy AICuNiFeCr and
AICuNiFeTi alloys after sintering under pressure has high microhardness, yield

limit (elasticity) and yield strength.

Key word: powder, mechanical alloying, nanocrystalline structure, phase

composition, sintering under pressure, multicomponent high entropy alloy.



BUCHOBKHA

1. B po6oTi MeTog0M MEXaHIYHOTrO JIeTyBaHHS y IJIAHETAPHOMY MIIMHI
orpumaHo OararokommoneHnTHi Bucokoentpomiiini AICUNiFeCr ta AICuNiFeCrTi
CTLIaBH.

2. BcranoBneno, mo obuasa criaBu miciss MJI ckimamarorses 3 OLIK-
TBEPJAOTO PO3YMHY 3 HAHOKPUCTATIUYHOIO CTPYyKTyporo. Bucoka eHTpormis
3MINTyBaHHS 3MEHIIy€ BUIbHY eHeprito ['100ca ekBiaTOMHHUX I’ ITHKOMITOHEHTHHX
AICuNiFeCr Ta AICUNiFeCrTi cruiaBiB, cnpusie 3MEHIICHHIO TEHICHIIIO [0
BIIOPSAKOBAHOCTI Ta cerperaiii, mosermrye (GopMyBaHHS TBEPAOTO PO3YHHY Ta
30UTbIIye KOro CTallIBHICTh B TOPIBHSHHI 3 IHTEpPMETANIJaMU Ta IHIIUMU
BIIOPSAKOBAaHUMH (pazaMu.

3. MikpopeHreHOCTIeKTpaIbHUN  aHadi3  MIJTBEPAUB  OJHOPIAHICTH
ximiunoro ckimany koHcomigoBanux AICuNiFeCr ta AICuNiFeTi cmagis.
KoHuenTpaiiiine BiIXWJICHHS KOXKHOTO €JIEMEHTa y CIUIaBaxX HE IMepeBuIrye 2,5
aT.% B1J HOMIHAJIBLHOTO BMICTY.

4, [Ticns cmikanus mig Tuckom 5 I'Tla nmpu temnepatypi 800 C mpotsrom
0,5 roauH crjiaBu MarOTh TPhOX(a3HY CTPYKTYPY, IO CKIAJAAETHCS B OCHOBHOMY 3
OLK-TBepaoro po3unHy 3aMilieHHs1 Ta HeBenKOoi KibkocTi 1Box I'IIK ta I'TIK1-
TBepaux po3umHiB. [Ipm mpomy crpykrypa AICUNiFeTi crmaBy 3amumraerhbest
HAHOKPHUCTAIIYHOK, IO CBIAYUTH NPO HMOro OUIbII BHUCOKY TEPMOJMHAMIYHY
crabuibHICTh B mopiBHsHHI 31 crutaBom AICUNiFeCr.

S. PesynpTaT MiKpoMEXaHIYHMX BHUIPOOYBaHb 3aCBIIUMIM BHCOKHUI
piBenb xapaktepuctuk wMmirHocTi  AlCuNiFeCr Ta AlCuNiFeTi cmuasis:
MmikpotBepaicte HV ckmagae  9,2+0,4 1 11,2+0,6 I'Tla;rpanuiis nponopiiiHOCTI
(py>xHoCTi) 0, ckiamgae 2,8 ta 3,5 ['Tla; BepXHs TPAHMUI TEKYUOCTi Oy CKIIAJa€
3,3 ta 4,05 I'Tla; a HWKHS TpaHMIIT TEKYy4OCTI as' — 2,9 Ta 3,6 I'lla, BiaIOBIIHO.
Bucoki xapakTepuCTHKU MIITHOCTI 3a0€3Medyr0ThCsl €peKTaMH TBEPIOPOZYNHHOTO
Ta HaHOCTPYKTypHOTro 3MmirHeHHs. [Ipu npomy npucytnicts Ti y chjaBi 3HAYHO
M1BUIILYE HOTO MEXaHIYHI1 XapaKTePUCTUKH.

6.  Po3pobinieni 3axoau, mo 3a0e3neuyroTh 3J0pOBI YMOBH IIpalli, Ta

3acaau 3a0e3nedyeHHs 0e3neKu B HaJ3BUYaliH1i cUTyallii.



CONCLUSIONS

1. In the work was received multicomponent high entropy AICuNiFeCr and
AICuNiFeCrTi alloys by mechanical alloying in planetary mill .

2. Established that both alloys after MA has structure of BCC solid solution
with nanocrystalline structure. High entropy of mixing reduces the Gibbs free
energy equiatomic five component AICuNiFeCr and AICuNiFeCrTi alloys,
reduces the tendency to ordering and segregation facilitates the formation of a solid
solution and increases its stability compared to the ordered intermetallic and other
phases.

3. X-ray analysis confirmed the uniformity of chemical composition
consolidated AICuNiFeCr and AICuNiFeTi alloys. Concentration deviation of each
element in alloys does not exceed 2.5 at.% of the nominal content.

4. After sintering under pressure 5 GPa at 800 °C for 0.5 hours alloys have a
three-phase structure consisting mainly of BCC-solid solution substitution and a
small amount of two FCC and FCC1-solid solutions. The AICuNiFeTi alloy has
nanocrystalline structure that indicates its higher thermodynamic stability
compared to alloy AICuNiFeCr.

5. The results of micromechanical tests showed high strength characteristics
and AICuNiFeCr AICuNiFeTi alloys, microhardness HV is 9,2 + 0.4 and 11,2 +
0,6 GPa; yield limit (elasticity) o, is 2.8 and 3.5 GPa; high yield strength oy" is
3.3 GPa and 4.05; and the lower yield strength o' - 2,9 and 3.6 GPa, respectively.
High strength characteristics caused Dby effects of solid solution and
nanostructured strengthening. Thus the presence of Ti in this alloy significantly
improves its mechanical characteristics.

6. The developed measures to ensure healthy working conditions, and the

principles of safety in an emergency.



