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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJIbHICTb TeMH. 3aBIsku 30aJaHCOBAHOMY IMO€IHAHHIO BHCOKOi MIIIHOCTI
(TBepAOCTI) Ta MPUUHATHOI TUIACTUYHOCTI, a TaKOXX MaJlii MUTOMIN Ba3l KOMIIO3UTH Ha
ocHoBl cucremu Al-Cu, cuHTe30BaHi MexaHIYHMM JeryBaHHsM (MJI) enemeHTapHUX
MOPOIIKIB 13 iX NOJAIBIIMM TBepAopa3HUM CIIKaHHAM, 1 OaraTomrapoBi (oJbru,
OTPUMaHI METOJIaMU BUCOKOIIBUAKICHOTO (PI3UYHOTO OCA/PKEHHSI Y BaKyyMi, BBAXKAIOTHCS
NEPCTIEKTUBHUMH IS 3aMiHU STy CIUIaBiB B 0araTbOX raixy3sx 3aCTOCyBaHHS. 30KpeMa,
Al-Cu mopomikoBi KOMIO3WTH €BTCKTHYHOTO CKJIAJy MOXYTh 3HAWTH BUKOPHUCTAaHHS B
aBiamiHI 1 aBTOMOOUIBHIA TPOMHUCIOBOCTSX, @ 13 OILIBIIMM BMICTOM Mili — JJIA
BUTOTOBJICHHSI CEHCOpPIB, aKTyaTOpiB Ta MarepiamiB Ui TEPMIYHOTO CHHTE3Y.
bararomaposi ¢ponsru (b®) Al/Cu aHanorivHOro CKJIamy MOXYTh OyTH 3aCTOCOBaHI IS
TBep0ha3HOTO 3’ €JHAHHS MaTepiaiiB, a TAKOK CTBOPEHHS MIKpPOAKTyaTOPIB.

BucokoeHepreTuuHuii BIUIMB Ha TMOPOLIOK B TMPOILECI MEXaHOAKTHBAIIHHOTO
0o0poOJieHHsI cripusie SIK HOro MmoJApiOHEHHIO, TaK 1 YTBOPEHHIO MEPECHYECHUX TBEPAUX
PO34YMHIB, METACTAOUTLHUX 1 CTAOUIHHUX 1HTEpMETaIeBUX (Da3, K1 y CBOIO YEPry MOXKYTh
CYTT€BO BIUIMBAaTH HA MEXaHIYHI BJIACTUBOCTI KOMMO3WTIB. Bimomo, mo MJI
enemeHTapuux TnopomkiB Al 1 Cu mnpuBOaUTH, A0 YTBOPEHHS MeTacTaOUIbHOT
HEBIOPSIKOBAHOI (a3u 13 00’€MHOIIEHTPOBaHOI KyOiuHOo0 Ipatkoro (OLK) B mmpokomy
KOHIIEHTpaliiHomy niama3oni Big 21 go 82 mac.% Cu (Bim 10 mo 67 at.%), siky B
JiTepatypi Haitgacrinme moB’s3yioTh i3 Al4Cug daszoro. Crif 3a3HAYMTH, IO YTBOPCHHS
aHaJIOT1YHOI (a3u y MIMPOKOMY KOHIEHTpALIMHOMY Jiala3oHi CHOCTEPIrajioch TaKOXK
nicas BignaniB b® Al/Cu. B Tol ke wyac, ICHYIOTb CyHepewuBl JaHl CTOCOBHO ii
CTPYKTYpPH, CTEXIOMETpli, a TaKO0X IMOCIIIOBHOCTI (pa30BUX IEPETBOPEHb IMICIsA
HAaCTyMHUX TepMoMexaHlyHuX o0poOok MIJI mopomkoBux kommno3utiB Al-Cu 1 Bianamis
b® Al/Cu, sxi noTpeOyroTh yrouHeHHs. Lle Moxke OyTH MoB’si3aHe 13 BILTUBOM Je(hEKTHOI
CTPYKTYPH, BEITUKOI KOHIIEHTPAII1 JUCIOKAIlIN 1 BUCOKOI IIIJIBHICTI TPAHUI[h Y IMOPOIIKaX
Michsi TOMOJIy Ta BakaHCii y OararomapoBux ¢osibrax Ha 0COOJIMBOCTI (ha30BHX
nepeTBopeHb. OKpiM TOTO, €IMHA MpeCTaBiIeHa B JiTepaTypi cxema ¢opmyBanas OLIK-
Al4Cug da3u 3a paxyHok 3cyBHoro neperBoperts ['TIK — OLIK B mporieci MJI nioporikis
ckmany Al-25 ar.% Cu (44 mac.%) € HEOYEeBHIHOI 1 TaKOX MOTpeOye yTOYHEHHS,
ockimeku: (1) crpykrypa OIK-Al,Cus ¢dasu mnpencraBiena nuine y BHIIAIL
BropsizkoBanol 3x3x3 wmaarpatku (1o ckimagaerbes i3 miarparok tumy CSCl i3 2-ma
BAKaHCISIMH), a IPHUCYTHICTh HEBMOPSAKOBaHOI (ha3u 30BCiM He Oyia BpaxoBaHa; (2) Ha
BIIMIHY BIJl BiJIOMOi KJacu4HOi cxemu beitHa, ydacTb (a3 i3 00’€MHOLICHTPOBAHOIO
TeTparoHanbHOIO0 rpatkoro (OLT) y mepeTBopeHH1 HE pO3rIsAaiach.

[11e onHI€O EpeBarod METOAIB MOPOILIKOBOI METATYPIii € MOXKIIMBICTh CTBOPEHHS
MeTaioMatpuuHux Komno3uTiB (MMK), okpiMm iHTepMeTadifiB 1 OKCHAIB J0JAaTKOBO
apMOBAaHMX TYIOIUIAaBKUMHU J00aBKaMHu KapOiliB, HITPUIIB, OOpHUIIB, JAOMIIIKaAMHU
BYTJICIIEBUX MaTepiaiiB. 3aBsSKH MOKPAIIEHOMY CITIBBIIHOIIEHHIO MIITHOCTI Ta MacH, TaKi
MMK BBaxaroThCs MEPCICKTUBHUMH JIJIs1 BUTOTOBJICHHSI MTOPIIIHIB IBUTYHIB, TaJbMIBHUX
KOJIOJIOK, TYpOIHHUX JIOMATOK, KapJaHHWUX BaJiB TOMIO. 30KpeMa, BUTOTOBJIEHHS
KOMITO3UTIB Ha ocHOBi cuctemMu Al-Cu i3 mobaBkamu Tpadity mo 9 mac.% meromamu
MOPOIITKOBOT METATYPTii € MEPCIEKTUBHUM Yepe3 Maly Macy, MOXJIUBICThH MIABUIICHHS
piBas TBepaocTi Ha 20-40 %, BimHOCHO HU3BKY coOiBapTicTh Trpadity. Taki MMK e
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130TPONHUMH, JACIIEBIIMMH 1 JIETIIUMH y BUTOTOBJICHHI MOPIBHSHO 13 aHAJIOTIYHUMHU
KOMITO3UTaMU, APMOBAaHUMHM, HAMPUKIIAJ, BYIJIELEBUMHU HaHOTpyOkamMu. OJHAK BILIUB
Maux 100aBok (10 5 Mac.%) rpadity Ha 3MiHY CTPYKTYPHO-()a30BOr0 CTaHy 1 MEXaHIYHI
BJIACTUBOCTI TMOPOMIKOBUX Kommo3uTiB Al-Cu XIMIYHOrO CKJaay, OJM3BKOTO JI0
eBTeKTHYHOro (13 BMictoM Mmiai 33 mac.% a6o 16 ar.%) Ta piBHOBaXXHOI 00JacTi
icnyBanHs Al4CUg dazu (13 BMicTom mifal 79-84 mac.% a6o 59,8-69 at.%), orpumanux MJI
1 HACTYITHUMHU TE€PMOMEXaHIYHUMU 00pOOKaMH, B JiTepaTypi JOCIIKEHO HEJOCTAaTHBRO, a
pe3yabTaTh NOTPeOyIOTh YTOUYHEHHS.

Jis oTpuUMaHHS TakuX KOMIIO3HTIB 13 MPOTHO30BAHMMH BIIACTUBOCTSIMH BKpai
BOXJIMBUM € BHU3HAYCHHS iX CTPYKTYpPHO-()a30BOrO CTaHy [0 Ta MICJA BIAMOBIIHUX
TepMOMEXaHIYHUX 00poOoK. BomHodac B HayKoBiil JiTepaTypli HEMae OJHO3HAYHOTO
TIyMadeHHs CTOCOBHO (ha30BUX TIEpeTBOpEeHb Yy Kkommo3utax cuctemu Al-Cu,
CHHTE30BAaHUX Yy CYTTEBO HEPIBHOBAXHHX yMOBaX. ToMy BHBYEHHS 1 MOPIBHIHHSA
ocobnmBocTel GazoBUX nepeTBOpeHb B mopomkoBux kommnosutax Al-Cu 1 Al-Cu/C micns
MUJI, BigmasiiB, XOJIOAHOIO IIPECyBaHHS Ta CIKaHHS, a Takox micis Bianmaiisa bd Al/Cu,
OTPUMaHMUX €JIEKTPOHHO-IIPOMEHEBUM OCAJKEHHSIM, JAacTh MOXJIMBICTb PO3POOUTH
HAyKOBI 3acaJy JJii BUTOTOBJCHHS KOMIIO3UTIB 13 HEOOXIJHUM KOMILUIEKCOM (hi3UKO-
MEXaHIYHUX BJIACTUBOCTEH Ta PEaKI[IHHOI 3JATHICTIO, 10 OOYMOBIIIOE€ aKTyaJbHICTh
TEMHU JUcepTarlii Sk 3 PyHIaMEHTAJIbHO1, TaK 1 3 MPAKTUYHOI TOYOK 30DY.

3B’A30K po0OTH 3 HAYKOBMMM NpOorpaMaMu, IUIaHamMu, Temamu. Pobota
BUKOHaHa y B1AA11 OyZ0BH Ta BJACTUBOCTEH TBEPAUX PO3UMHIB [HCTUTYTY MeTanodi3uku
im. I'.B. KypatomoBa HAH Vkpainu. Tema nuceprauiiitHoi poOOTH BiANOBIIa€ OCHOBHUM
HayKOBUM HalpsiMKaMm poOOTH BIIUTY Ta IHCTUTYTY B LIOMY. JoCmiIKeHHs, TPOBEIEHI
B JIaH1il poOOTI, BAKOHYBAJIHCS B paMKax € KOIOIKETHUX HayKOBO-AOCIITHUX POOIT, SKi
¢inancyrotecss HAH VYkpainn: «3akoHOMIpHOCTI (popMyBaHHSI TBEpAMX PO3UYMHIB Ta
iHTepMeTamIHUX (a3 B 0araTOKOMIOHEHTHHX METAIYHUX CHCTeMaxX B yMOBax ii
TEPMOCHIJIOBUX OOpOOOK 1 B pe3yibTaTi (azoBux mneperBopeHb» (2016 — 2020 pp., Ne
nepxpeectpamii 0116U003050) Tta «Mikpo- Ta HaHOKPUCTAIIYHI CTaHU B HOBITHIX
MpEeNU3iMHNX CIuiaBax eBTeKTuyHoro tumy» (2020 — 2021 pp., Ne nepxkpeectparrii
0120U000133)».

Mera i 3aBaaHHsi jgociaigxeHb. MeToro poOOTH € BCTAHOBJICHHS OCHOBHHUX
3aKOHOMIpHOCTEH (pazoyrBopenHs B cucremi Al-Cu micias BHCOKOEHEPTETHYHOIO
MEXaHOAKTHUBALIIHHOTO 00poOeHHs edemeHTapHuX mopoinkie Al ta Cu 0e3/3 1006aBKOrO
rpadiTy 1 TepMOMEXAHIYHUX 0OPOOOK MOPOIIKOBUX KOMIO3UTIB T4 B OTPUMAaHUX METOIOM
eJIEKTPOHHO-TIPOMEHEBOTO OCaJKeHHs OaraTomapoBux ¢oabrax Al/Cu micns Bignanis, a
TaKoXX CTPYKTYpU 1 CTaOUIBHOCTI CHUHTE30BAaHMX I1HTEPMETAJEBUX CIOJIYK Ta iX
B32€EMO3B 3Ky 13 MEXaHIYHUMU BJIACTUBOCTSMU 1 PEAKLIMHOIO 3AaTHICTIO KOMITO3UTIB.

JIJIs1 1OCSATHEHHA MOCTABJICHOI MeTH BHPILyBaJIUCH HACTYIIHI 3a4a4i:

1. BcTaHOBUTH OCHOBHI €Talu CTPYKTYPOYTBOPEHHS MOPOUIKOBUX KOMIIO3HUTIB
Al-Cu i Al-Cu/C B pe3ynbTati pi3HUX €HEPro-4acoOBUX BIUIMBIB B MPOIECI MEXaHIYHOTO
neryBanHs (dac oOpoOku 1-8 rommn, mo3a BBemeHoi eHeprii 4-32 k/[x/r) enemeHTapHUX
mopomkiB Al 1 Cu (Bmict mimi 17, 33 1 80 mac.%) 6e3 1 3 rpaditoBoro g006aBko0 (5
Mmac.%), a TakoX BIUIMBY TEPMOMEXaHIYHMX OOpOOOK Ha iX CTPYKTYPHO-(ha30BHii CTaH,
MEXaHI4H1 BJACTUBOCTI Ta PEaKIiitHy 31aTHICTb.
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2.  Busnauutu crpykTypHO-(ha3oBuii ctaH OararomapoBux ¢onsr Al/Cu 13
BmictoM Cu 33 1 80 mac.%, oTpUMaHUX E€JIEKTPOHHO-TIPOMEHEBUM OCAKEHHSM, /10 Ta
iCJIs BINAMIB 1 BCTAHOBUTH MOTO B3a€EMO3B’ 130K 3 BJIACTUBOCTSIMU KOMITO3HUTIB.

3. BcranoButn  ymoBu  QopmyBaHHs ~ MeractabinpHOoi  OLIK-Al4Cug
iHTepMeTaneBoi a3 y IMHUPOKOMY KOHIIEHTpAIlIMHOMY Jianma30HI B IOPOIIKOBHUX
komrnozutax Al-Cu Tta Al-Cu/C, a Ttakox OararomapoBux ¢onsrax Al/Cu micns
BIJIMOBIAHUX TEPMOMEXaHIYHMX OOpOOOK, YTOYHUTH ii CTPYKTYpPy 1 3amporOHYBaTH
MOJKJTUBI CXeMH ii (GOpMyBaHHS Ta BHOPSAKYBAHHS.

OO6’eKkT AOCHITKEHHS — CTPYKTYypHO-(a30BHA CTaH, MEXaHIYHI BJIACTHUBOCTI Ta
peaxiriitHa 3JaTHICTh KOMITO3UTIB Ha OCHOBI cuctemu Al-Cu.

IIpenmer AoCaiIKEHHA — BIUIMB BHUCOKOCHEPTETUYHOTO MEXAHOAKTHUBALIHOTO
o0pobsienHs eneMmenTapaux nopomkiB Al 1 Cu 6e3/3 no6aBkoro rpadiTy Ta iX HACTYIHUX
TepMOMEXaHIYHUX 00pOOOK, a TakoXk BiamamniB OaratomapoBux ¢onsr Al/Cu, oTpuMaHux
METOJIOM €JIEKTPOHHO-IIPOMEHEBOI0 OCA/IPKEHHS, Ha CTPYKTYPOYTBOPEHHS Y KOMIIO3UTaxX
Al-Cu i Al-Cu/C.

Metoan nociailzKeHHs1 — PEHTTeHOCTPYKTYpHHUI aHami3 (pa3oBui, KUIbKICHUM,
BHCOKOTEMIIEpaTypHU, TEKCTypHUi), nudepeniiitna ckanyroda kagopumerpis (ICK),
anepHud  MarHiTHUM  pe3oHanc (SIMP), pamaniBcbka  CIEKTPOCKOINiS, METOJ
HU3BKOTEMIIEPATYpHOi aacopOiiii, ckaHyBaibHa ellekTpoHHa Mikpockoris (CEM),
TUHAMIYHE 1HACHTYBAHHS.

HaykoBa HOBH3HA 0/1epKAHUX Pe3YJbTATIB:

1. Briepmie BuzHaueHo yMOBH (hopMyBaHHSI MeTacTabinbHO1 HeBmopsaakoBaHoi Al,Cug
($a3u y MmMMUpOKOMY KOHIICHTpAI[IHHOMY [ianma30HI B Pe3yJbTaTl BUCOKOCHEPTETUYHOIO
MEXaHOAKTUBALIMHOr0 0OpOOJIEHHS Yy IUIAaHETAPHOMY MIIMHI €JIeMEHTapHUX MOpoIkiB Al 1
Cu 0e3 1 3 rpagitoBoro 100aBkor0 Ta BignaiiB OaratomapoBux ¢oasr Al/Cu. YTouneHo ii
ctpykrypy y Burisiai OLIK-rpatku ctpykrypHoro tumy A2 i3 napamerpom a = 0,2951 am.
[TokazaHo MOXKJIHUBICTH 11 BopsiakyBaHHs Yy Y»-Al,CUg da3y (ctpykrypHoro tumy D83) B
KOMITO3UTax 13 BMicToM miai 80 mac.%.

2. Ha ocHOBI BCTaHOBJICHHX 3aJIEKHOCTEN MK mapamerpamu rpatku Al 1 Cu 13 yacom
MEXaHIYHOTO JieryBaHHs y mopoimkoBux kommno3uTtax Al-Cu 1 Al-Cu/C Ta Temneparyporo
Bimnany y b® Al/Cu BcraHoBneHo, mo mpoiiec (pa3oyTBOpPEHHS y BCIX KOMITO3UTax
BiI0yBaeThCsl NUIIXOM (opmyBaHHS TiepecudeHoro teepaoro pozunny Al(Cu) 1 Cu(Al).
Po3Bunyto ysBinenns npo mexadizmu ['TIK — OILIK mepeTBopeHs B MaTepiagax CUCTEMH
Al-Cu, orpuMaHuX y HepiBHOBOXHHX yMoBax. [loka3aHo, 0 y MOPOIIKOBUX KOMITO3UTAX 1
OararomapoBux (oJibrax €eBTEeKTHYHOTO CKJIaJy BOHO BIIOYBAETHCS 3a y4acTl (ha3u HUKYO1
cumetpii OL[T 0-Al,Cu.

3. Brepiie nokaszano, o BBeneHHs 5 Mac.% rpadity 10 eleMeHTapHUX MOpoIKiB Al
1 Cu cipusie iX KpaioMy MmoapiOHEHHIO Ta HACUUCHHIO JIe(eKTaMu B MPOLeCi MEXaHIYHOTO
neryBanHs. Kpucramiynuii rpadgiT mig 4ac momoily, MEepeTBOPIOIOYUCH Ha aMOp(HUH,
00BOJIIKa€ MeTaJieBl YaCTUHKH, TMEPEIIKO/KAE 1X arjoMepallii Ta yHoBUIBHIOE PEaKIliiHI
MPOLIECH.

4. Onep>kaHo HOBI pe3yJabTaTH MPO BILTUB MOAUPIKAIi CTPYKTYpHO-(HAa30BOTO CTaHY
nopomkoBux komMno3utiB Al-Cu 1 Al-Cu/C micas X0nogHOro MpecyBaHHA Ta CIIKAHHSA, a
TakoX BifmnainiB OararomrapoBux ¢oiasr Al/Cu Ha X MeXaHI4YHI BIIACTUBOCTI Ta PEAKIIHHY
3natHicTh. [linTBEepKEeHO ePeKTUBHICTL BBeACHHS 5 Mac.% rpadiToBOi 100aBKH, a TAKOXK
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dopmyBanHs MetacTabimpHOi HenopsakoBanoi OIIK-Al,Cus ¢dasm y mopormkoBux
kommno3utax Al-Cu 1 Al-Cu/C Ta 6GaratomapoBux ¢osibrax Al/Cu micias BiINOBIIHHUX
00pOOOK [IJII CTBOPEHHS MeETaJOMaTPUYHUX KOMIIO3UTIB 13 IMIJABUIIEHUM pPiBHEM
MIKPOTBEPAOCTI 1 MPUUHATHUM KOE(DIIIEHTOM TIJIaCTUYHOCTI.

IlpakTuyHe 3HAYEHHS OJEP:KAHUX Pe3yJbTATIB — po3poOKa HAYKOBHX 3acaj
dbopmyBanHs nopomkoBux komno3uTiB Al-Cu ta Al-Cu/C, a Takox OaraTomapoBux (QoJbr
Al/Cu 13 miABUILIEHUM pIBHEM MEXaHIYHUX BIACTUBOCTEH Ta peakIiiHOl 3JaTHOCTI.

Oco0ucTuii BHecOK 3100yBaya MoJsArae y 3A1MCHEHHI MOIIYKY, OMpAIfOBaHHI Ta
KPUTHYHOMY aHalli31 JITepaTypHUX JKEPET, K1 CTOCYIOThCS TEMHU JTUCEpTaliiHOI poOOTH,
OoTpuMaHH1 3pa3kiB mopomkoBux kommno3uTiB Al-Cu 1 Al-Cu/C 3a mgomomororo
BHCOKOCHEPTe€TUYHOTO TIOMOJIy €JE€MEHTApHUX TOPOIIKIB, a TaK0oX Yy MPOBEICHH]
EKCIIEPUMEHTIB, OOpOOJeHHI 1 aHami3l pe3yNbTaTiB JOCHIIKEHb 3pa3KiB MOPOIIKOBUX
komrio3uTiB Al-Cu 1 Al-Cu/C Ta 6araromrapoBux ¢onsr Al/Cu merogamu ¢a3oBoro Ta
KUIBKICHOTO PEHTTE€HOCTPYKTYPHOTO aHaJII3Yy.

OOrpyHTYyBaHHSI aKTyaJbHOCTI TEMH JAHCEpPTallifHOi pPoOOTH, BHOIp METOIUK
JOCIIJKEHHSI TIpU BHUKOHAHHI E€KCHEPUMEHTIB 1 OOrOBOPEHHS OTPUMAHUX pE3YJIbTaTiB
MIPOBE/ICHO Pa30M 3 HAYKOBUM KEpiBHUKOM Mpod., 1. ¢.-m.H. Pynem O.[1. Ta k.¢d.-M.H., C. H.
c. [omimgykom C. C.

Bci iHII ekcnepuMeHTH 13 OTPMMAaHHS, BUBUCHHS CTPYKTYpHO-(a3oBOro craHy Ta
BJIACTUBOCTEH 3pa3KiB CIUIABIB Ta KOMIIO3UTIB PI3HOTO XIMIYHOTO CKJIAJy BHUKOHYBAJIUCS
3100yBaueM CaMOCTIMHO a00 13 THIIMMU CIIBaBTOpaMHU MyOiKalii. 3pa3ku HOPOIIKOBUX
KOMITO3HUTIB OyJIM OJEpKaHl METOJAMH XOJIOJHOIO NMPECYBaHHS B IHCTUTYTI HAaATBEpIAUX
MarepianiB iM. B.M. bakyins cymicHo 13 K.¢.-M. H. Kienko O. O Ta cnikanas B KHY im. T.
[IIeBuenka cymicHo 13 11.(p.-M. H. [TonmoBum O. FO. Otpumanus b® npoBoaunocs pazom i3
npod., a. ¢.-Mm.H. YcriHOBUM A. ., a BUMIpIOBaHHS MEXaHIYHUX BJIACTUBOCTEW 3 K.T.H.
HemuenkoBuM C. O. (IHctutyt enexrpo3BaproBanHs iM. €.0. Ilatona HAH VYkpaiun).
HocmimkeHHs: MeToioM audepeHiiitHoi ckanyro4doi kamopumerpii mpoBeaeHo y LKKII
"INCK-LIEHTP" Inctutyty wmertanodizuku iMm. [. B. KypmiomoBa HAH Vkpainu.
PamaHiBCBKY CHEKTPOCKOMIiO MpoBeAeHO pa3oM 13 K..-M.H. Pecenko O. M. (Incturyr
¢bi3uku HAH Vxkpainu). JlochiKeHHS METOJOM SIEPHOTO MAarHiTHOTO PE30HAHCY
MPOBEICHO pa3oM i3 K.X.H. TpaueBcbkuM B. B. (Texuiunuit nentp HAH Ykpainu). ABTopy
HaJICKUTh BU3HAYAJIbHA POJb Y BUKOHAHUX Y CIIBAaBTOPCTBI MOCHiKEHHsAX. Hamucanus,
0OrOBOpEHHS Ta MIATOTOBKY J0 JPYKY HAYKOBHX CTaTel Ta JOMOBIJEH Ha KOH(EpeHIisx
MPOBEICHO Pa3oM 13 CIIIBaBTOPAaMH IMyOJIIKaIli Ta HAYKOBUM KEPIBHUKOM.

Anpobania pe3yiabratiB  podoru. Pesynbratm auceprauiiiHoi pobotu  Oynm
npeacTaBieHl Ha 6 MixHapogHux KoHpepenuisx: 8th International Conference NANO-
2020 (JIsBiB, Ykpaina, 2020), 6th International Conference HighMathTech 2019 (Kuis,
VYkpaina, 2019); 7th International Conference Nanotechnologies and Nanomaterials
NANO-2019 (JIeBiB, Ykpaina, 2019); HaykoBa koH(pepeH1is «DyHKIIOHAIbHI MaTepiaan
mutst iHHOBaIHOI eHepreTukn»y FMIE-2019 (KuiB, Ykpaina, 2019); MiknapoiHa HayKoBa
koH(pepeHiss «Martepianu ajs poOOTH B €KCTpEMallbHUX YMOBaX — 8» 3a MIATPUMKHU
[Tonmechkoi akanmemii Hayk B Kuei (Kui, Ykpaina, 2018); 6th International Conference
Nanotechnologies and Nanomaterials NANO-2018 (Kuis, Ykpaina, 2018)

Iy6aixanii. OcHOBHI pe3ynbTaTH AUcepTallii BUKIaAeH] Y 13 ApyKoBaHUX Mpalsx, 3
AKUX 2 CTaTTi OMyOJIIKOBaHI B 1HO3EMHHMX BHUJAHHAX, 6 craTedl y CcHeriazi3oBaHux
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HAyKOBUX BHJIAHHAX, IO BITHOCSTHCS O MEPeNiKy HayKOBHX (paxoBUX BHIIaHb YKpaiHW,
3aTBepkeHoro HakazamMu MOH VYikpainu 1 BXOASITh 10 MIXHApPOJHOI HayKOMETPUYHOI
0a3u gaHux Scopus, 5 — y 30IpHUKAX Ipailb MIKHAPOIHUX KOH(EPEHIIii.

OOcsar i crpykrypa amcepramii. JlucepramiitHa poOoTa CKIATa€ThCs 3 BCTYILY,
NepesiKy YMOBHUX MO3HAYEHbB, I’ SITH PO3/I1JIIB, BACHOBKIB, CHMCKY BUKOPUCTAHUX JIPKEPE.
3aranpHui 00caT auceprarlii ckinaaae 163 cTopiHKH, 3 HUX OCHOBHUM TEKCT CTaHOBUTH 116
cTtopiHok. Jlucepramis Mictuth 69 pucyHkiB 1 25 Tabnuip. CHUCOK BUKOPUCTAHUX
JTTEpaTypHUX JHKEPET MICTUTh 189 HaliMeHyBaHb.

OCHOBHMUM 3MICT POBOTH

Y Berymi OOTpyHTOBAHO aKTyalbHICTh TeMH, C(HOPMYIbOBAHO METY 1 3aBIaHHS
JOCTIKEHHS, OMICaHl HAyKOBa HOBHM3HA 1 MPAKTUYHE 3HAYCHHS OJICPKAHUX PE3YJIbTaTIB,
3B'I30K pOOOTH 3 HAYKOBHMH TeMaMH, OO0'€KT 1 mpeaMeT AOCTiHKCHHS, HaBEICHO
iHpopMallio moA0 ampobariii oJep)KaHUX pe3yJabTaTiB 1 BKa3aHO OCOOMCTHI BHECOK
3100yBaya.

Y nepmiomy po3gigi (origsax Jiteparypu) IMPOBEACHO JACTAIbHUN OIS
BITUM3HSHOI Ta 3apyODKHOI JITepaTypu, PO3TISTHYTO OCOOJIMBOCTI CTPYKTYpPHO-(Ha30BOTO
cTaHy Ta (i3UKO-MEXaHIUHUX BjacTuBOcTed cruiaBiB cucteMu Al-Cu, siki € OCHOBOIO
OUTBIIOCTI MPOMHCIOBUX aloMiHieBMX civiaBiB  [1]. HesBakaroum Ha TpuBaii
JOCIIKCHHS y IIbOMY HarmpsMi, CTPYKTypa Jaesikux MeractaduibHux (a3 y Al-Cu cruraBax
i3 OUTBIIMM BMICTOM allfOMiHitO [2], @ TaKOX MHUTaHHS ICHYBaHHS BHCOKOTEMIIEPATypPHOT
(da3u Py, IpAMOro MEepeTBOPEHHS MK BUCOKOTEMIIEPATYPHOIO 1 HU3bKOTEMIIEPATYPHOIO Y-
Al,Cug dazamu Ta MoxuBicTh popMyBanHs nieBHUX HecTexiometrpuaaux Al,Cug das [3-
5] y Al-Cu cruraBax i3 OUIBIIUM BMICTOM MiJli JIOCI MTOTPEOYIOTh YTOYHEHHS. 3a3HAYCHO,
00 HHU3KA TPAAMIINHUX METOAUK JMBAapHUUTBA 1 OOpOOKM TakWX CIUIABIB, 30KpeMa
JIOIATKOBE JIEryBaHHS J00aBKaMu MEpexXiiHUX a0o0/1 PiAKICHO3EMEIbHUX METAalliB, MOXKE
3a0e3neunTy OOMEXEeHEe 3MEHILECHHS pO3MIpy 3€pHa 1, BIAMOBIIHO, 0OMEXEHE 3POCTAHHS
MIITHOCTI Ta JIOCUTh HU3BKY IIACTHYHICTh, & HOTO CYTTEBUMH HEJOJIKAMH € Jerpaaarlis
CJICKTPUYHUX BJIACTUBOCTEW Uepe3 3MIHY XIMIYHOTO CKJIaJy Ta BaKKICTh OTPUMAaHHS
00'exTiB cKIaaHOI hopmu [1].

[Tokazano edekTHBHICTH BUKOpHUCTaHHS MeToay MJI enemenTapHux mopoinkis Al
ta CU 13 iX mojgaiaspIIuM TBepAo(a3HUM CHIKaHHSAM Ta METOMIB (hi3MIHOTO ocakeHHs bd
Al/Cu pizaux kommo3utiit [6]. TIpoaHanizoBaHO MdaHi IOJ0 MOMKJIHMBOCTI (hOPMYBaHHS
MeTtactabipHOi HeBnopsiakoBaHoi OLIK-da3u y mmupokomy KOHIIEHTpaLIfHOMY Jiana3oHi
Bix 21 1o 82 mac.% Cu (Big 10 1o 67 at.%) y nopomkoBux kommosutax Al-Cu micms MJI,
0COOMBOCTEMN ii CTPYKTYpH, CTEXIOMETPIii Ta MOCIITOBHOCTI (Pa30BUX MEPETBOPEHD MICIIS
HACTYITHUX TepMOMEXaHIYHHX 00poOok [7]. HaBemeHO BiZOMOCTI TPO MOMKIIUBICTH
dbopmyBanHs aHajoriunoi ¢azu micis Bignanie b® Al/Cu pi3HMX KOMITO3HIIIH, a TAKOXK
noCHiIOBHICTh  (Da3oBux meperBopeHb [8]. BuCBiTICHO mnHMTaHHS BIUIMBY J100aBOK
BYTJICIICBUX MatepialiB, 30kpemMa rpadity (1o 9 mac.%), Ha cTpyKTypHO-(pa30BHiA cTaH i
BJaCcTUBOCTI moporikoBux Kommo3utiB Al-Cu/C [9]. IToka3aHo, 110 BUTOTOBJIEHHS TaKOTO
pony MMK € nepcrieKTUBHUM, a X JOCIIIKEHHS € aKTyaJIbHUM.

[Tokaszano, mo eauHa Bigoma cxema (opmyBanHs MetactabimpHOl OLK-Al4Cug
¢da3u B pesynbraTi 3cyBHOro meperBopeHHs [TIK — OLK B mporeci MexaHI9HOTO
JeryBaHHs mopoikis ckiaany Al-44 mac.% Cu (25 a1.%) HaBenena y po6oti P. beccona ta
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in. [10]. OkpiM TOTO, BiAMIYAETHCS MOXIIMBICTH PI3HUX CXeM ii BHOpSAKYBaHHS A2 —
D83 abo A2 + B2 — D83 y crutaBax Al-Cu i3 meeKTHOI0 CTPYKTYpOIO 1 BMICTOM Miji 68-
82 ar.% [5].

Poskputuii cran npoOiemMu 03BOJIMB cHOPMYIIOBATH METYy POOOTH Ta 3aBIaHHS
JIOCIIKEHHS.

Y apyromy po3aijii HaBeJJeHO BiJOMOCTI IPO OTPUMAHHS JOCITIIKYBaHUX 3pa3KiB
nopomkoBux kommo3uTiB Al-Cu i1 AI-Cu/C metomom MJI, a TakoX METOIUKY
eJIeKTPOHHO-NPOMeHeBoro ocamkenns bd Al/Cu. Ix ycepemnenuil ximiunuii cknaj Ta
MEBHI XapaKTePUCTUKHN HaBeleHO Yy Tabmuipix 11 2.

Tabnums 1 — XapakTepuCTUKH BUXITHUX CyMillei mopomkoBux kommo3uTiB Al-Cu

i Al-Cu/C
Konnentparriiina [loznauenns | Bmict rpadity, | YcepeaHeHuid XiMIYHAN CKIIa,
001acTh 3pa3KiB mac.% (at.%) mac.% (at.%)
JI0€BTEKTUYHHUI Al-17Cu - Al-17Cu
CKJIa (Alg,Cug)
Al-17Cu/5C 5 Al-16Cu/5C
(12) (Alg;Cu;Cy»)
EBTekTHUHMIA Al-33Cu - Al-33Cu
Cxnan (A|84CU16)
Al-33Cu/5C 5 Al-31Cu/5C
(12) (Al74Cu14Cy»)
O6nacte Al,Cug Al-80Cu/5C 5 Al-78Cu/5C
paszu (12) (Al32CuseCy2)

Tabnuus 2 — Xapaktepuctuku 6aratorniapoux ¢ossr Al/Cu

Konnentpariina | Ilo3nauenns | Ycepennenuii ximiuauii ckian, | Ilepion | ToBmiuHa,
00J1aCTh 3pa3KiB mac.% (at.%) A, HM MKM
EBrextnununii | Al-33Cu Al-33Cu 60 95
Cknang (A|84CU16)
O6nacts Al,Cug | Al-80Cu Al-80Cu 30 65
azu (Al37Cugs)

[Ticns MJI BopomoBx 8 TrOAMH METOJAaMHU XOJOJHOTO TMPECYyBaHHS Ta CIIKaHHS
MOPOIIKOBOI MMXTH Oyn0 oTpumano kommo3utu Al-Cu i Al-Cu/C y Burisiai KOMIaxTiB.
HarpiBanHs TpoBOAMIIM HIJISXOM IPOITYCKAHHS €JIEKTPUYHOTO CTPyMYy 4Yepe3 IpadiToBY
MaTpUIio, sIKa B pa3l MPUKIQJIaHHA TUCKY Biairpasana poiib mpec-popmu. CrikaHHs
KOMITO3UTIB MPOBOAUIIHN Y BIAKpUTIHA atMocdepi. [lapameTpu mpoiiecy criikaHHs HaBelIEeHI
y Tabuuii 3. 3pa3ku Manu Gopmy IHUCKIB aiameTpoMm 10 MM 1 BUCOTOIO 5 MM, sIKi Hajau
MiJJaBajIluCh MEXaHIYHIA 00poOIl 3a AOMOMOro0 NUTI(PYBATLHUX KPYTiB 1 MOJIPYBaHHIO
MOBEPXHI 3pa3KiB 13 BUKOPUCTAHHAM aJIMa3HUX MACT.

OxpiM TOrO, JUIsl JOCHIJKEHHS CTPYKTypHO-(pazoBoro crany MJI mopomkoBux
komno3utiB Al-Cu i Al-Cu/C, a Takoxx B® Al/Cu, Oymo mpoBemeHO Biamaiu 3pa3KiB
KOMIMO3UTIB TpuBaiicTiO Big 30 XBuiauH A0 3,5 roAuMH MOPOBOJAWIM B TI€dl MpHU
Temmepatypax 120-500 °C i 3anmmkoBomy THCKOBI y kamepi 107 ITa.
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Tabmuus 3 — IlapameTpu mpoliecy CHIKaHHA Ta XapaKTEPUCTHKU TMOPOITKOBHUX
kommo3uTiB Al-Cu i Al-Cu/C micast criikaHHs

o Yac
Konuenrpaniiina | [lo3HauenHs Temneparypa | P, | Preops | Pexeny | 11,
. BUTPUMKH, o 3 3
O0Onactb 3pa3KiB B Tmax, °C MIla | r/em” | T/em” | £1%
TloeBTeKTHIHYI Al-17Cu 5 480 30 [ 3,10 293 | 5
Ckran Al-17Cu/5C 5 510 30 300278 7
ST — Al-33Cu 5 480 30 [ 3501330 | 6
Cxrnan Al-33Cu/5C 5 510 30 [ 340|311 | 8
Obnacts AlsCls | A|_gncy/sc 5 850 30 |6,99 601 14
da3u
CtpykTypHI JIOCITIJDKCHHS 3pa3KiB Oynu poBeIeH1 METOJIaMMU:

PEHTIC€HOCTPYKTYPHOTO —aHali3y, CKaHyBaJdbHOi enekTpoHHOi Mikpockomii (CEM),
CHEKTPOCKOMIT KOMOIHAIIMHOTO PO3CIsTHHS CBiTJIa (paMaHIBChKOI CIEKTPOCKOIIi) Ta
SJIEPHOTO MarHiTHOTro pe3oHaHcy (SIMP).

PeHTreHoCTpyKTypHiI JOCHIIPKEHHS BHKOHAaHI 3a JIONOMOrorw audpakroMerpa
JIPOH-4-07 B monoxpomaTtuzoBaHomy CoK, BumpomiHiooBanHi (A = 0,179021 Hwm).
JlocimipkeHHsT TeMIIepaTypHUX 1HTEpPBAlIlB MEPETBOPEHb Ta PEAKIINHOI 3JaTHOCTI
(BUIIJICHOTO TeIIa B TMPOIECi EK30TepMIUHOi peakilii y 3pa3kax IpH HarpiBaHHI)
MPOBOJIMJINCH METOJIOM  AuQepeHiiiiHoi  ckanyBaiabHOi kanopumetpii (JCK) Ha
kajmopumerpi Netzsch DSC 404 F1 Pegasus B mporieci HENEpepBHOTO HArpiBy JI0
temnepartypu 530°C (mo omaBieHHs) 13 MBUJAKICTIO HarpiBanHsi 40 rpaa./xB. B
atmocdepi remito. Pesympratn JICK nmocnimkenbp Oynu TOpIBHSHI 13 pe3yJbTaTaMu
JOCIIKEHb BUCOKOTEMIIEpaTypHOI In-situ PEHTreHiBChbKOi audpakroMerpii, mo Oyrna
MIPOBEJ/ICHA 32 JOTIOMOTOI0 PEHTIeHIBChKOI BUCOKOTemmeparypHoi ycranoBku (YPBT), sika
JI03BOJIsUIA TIPOBOAMTH JOCTIHKEHHST Oe3MocepelHhO B MPOIIeCci HarpiBaHHS 3pasKiB 0
ananorigydoi Temneparypu 530°C 13 mBuakicTio HarpiBanHs 20 rpaa./xB. Ta THCKOM Yy
poGouiii kamepi 107 ITa. Anani3 kpuctanorpadiunoi Tekctypu B® mpoBOIMBCS METOIOM
TEKCTYPHOTO PEHTI€HIBCHKOTO aHaii3y Ha OCHOBI ONpsaMux noitocHux ¢iryp (III1D), sxi
OTPUMYBAJU 13 BUKOpUCTaHHSIM audpakromeTtpa JJPOH-3 i3 TekcTypHOIO TprcTaBKoo (i3
Jiara3oHoM KyTiB ckaHyBaHHs o Big 0 mo 80° 3 kpokom 5° 1 kyTiB B Bim 0 go 360° 3
KpokoM 10°).

CrniexkTpu KOMOIHAIIIMHOTO pO3CitoBaHHsA mopommkoBux kommnosutiB  Al-Cu/C
pEECTpYBaJIUCh TMpH KIMHATHIM Temmeparypi 3a JOMOMOIOI MIKpOPaMaH1BCHKOTO
crektpoMmeTpa inVia (Renishaw) 13 nmasepom 3 moBXuHOWO XBWJl 633 HM B Jiama3oH1
paMaHIBChKOTO 3CyBY (xBuUiboBOoro uwmcina) 100-3000 e, Cmektpn SIMP  “’Al
noporkoBux kKomro3uTiB Al-Cu/C i B® Al/Cu y BurIsai MOpOIIKIB BUMIPIOBAIH MPH
KIMHATHI# TemmepaTypi 3a qormomororo crekrpomerpa Bruker Avance 400.

CEM mnpoBoaunucek Ha Mikpockomi JEOL JSEM IT-300, o6nagranoMy mpucTaBKOIO
st mikpoanamiza EDS XMax 80. [I[o6 BUSABUTH KOHTPACT TPAHUIb 3€PEH Ta BUIIICHD,
MOTIEPETHBO 3pa3ku 00poOsin pearenToM Kemnepa.
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[TuToMy mitomly MOBEpXHI 3pa3KiB MOPOIIKOBUX KOMIIO3HUTIB BU3HAYAIHU 32 TaHUMHU
HU3BKOTEMIEpaTypHOi ajcopOiiii raszie merogom BET 3a pgomoMoror aBTOMaTHYHOTO
razo-ajacopoOuiitnoro anamizatopy ASAP 2405N Micromeritics Instrument Corp. micins
nerasaiiii 3paskiB npu temrepatypi 150°C Brpooxk 20 roauH.

MexaHiuHI ~ BJIACTMBOCTI  3pa3KiB  BUMIPIOBAIM  METOJOM  IHJICHTYBaHHS
TPHOXTPAHHOIO ajJMa3HOI0 IipaMimor bepkoBuua (KyT mpu BepmuHi Y = 65,3°) 3a
JIOTIOMOTOI0  YHIBepcalbHOro 1HAeHTOMeTpa «MikpoH-rammay. KoskeH 3pa3ok OyB
nociimxenuit ~ 60 pasiB npu ¢pikcoBaHomy HaBaHTaxxeHHi S0 MH (5 1) Ta 0,3 H(301) ¥
aBTOMATUYHOMY PEXHMI 13 3alMCOM EKCIIEPUMEHTAIbHUX TOYOK Yy BUIJISAIL Jiarpam B
koopauHatax «P (HaBaHTaxeHHs) — h (TMOMHA NPOHUKHEHHS)» Ta PO3PaAXyHKOM
MmikpoTtBepaocti no Meiiepy (Hy), moaynro FOnra (E) i koedimieHTy mIacTHIHOCTI (S 1y).

MikpocTpykTypy, (pa3oBuil ckiag Ta MEXaHIUHI BJIACTUBOCTI KOMIIO3UTIB OyI0
MOPIBHSHO 13 3pa3kamu BiamoBimHuX ciiaBiB Al-CU - 31HMTKIB, BUTOTOBJIGHUX y JTyTOBIH
neyi B IHEpTHiM aTMocdepi.

Y Tperbomy po3aiii HaBeneH! pe3yJbTaTH JOCHIIKEHHS CTPYKTYypHO-(pa3zoBOTro
ctany nopomkoBux kommo3utiB Al-Cu 1 Al-Cu/C 13 BmictoM miai 17, 33 ta 80 mac.% Cu
miciss MJI Tta TepMoMexaHIYHUX OOpOOOK, a TaKOXX iX MEXaHIYHUX BJIACTHUBOCTEH Ta
peaKIiiHOi 31aTHOCTI.

3a pesynbraraMud  (a3oBOro  PEHTIEHOCTPYKTYPHOTO  aHalli3y MOPOILIKOBUX
kommno3uTiB Al-Cu i Al-Cu/C micist MJI Bipo1oBix 8 roauH (pUCYHOK 1) BCTaHOBJICHO, IO
dazoBuii ckiaja nopomkoBux kommno3utiB Al-Cu i Al-Cu/C i3 BmicTom Mini 33 mac.% OyB
omnakoBuM (Al + Al4Cug + Al,Cu), ane 00’emHa vactka ¢a3 BiApi3HSIIACS. Ix Bigman npu
temmeparypi 500 °C BOpomoBk 2 TOJUHHU MPUBOAUTH O YTBOPEHHS (Pa30BOTO CKIATY,

a OAl OALCu * Al,Cuy ®Cu o OAl DALCu % AlyCuy @ Cu
o Al-33Cu (@) Al-33Cu/5C
BHXiIHUIH BHXI1THHIH
o o craH 002), .. o o cTaH
PY padir Py
K] e 00 e K] .o 00 e
(@] O e
MJI 1 roguna MJI 1 ronuna
O ©)
: X O Ip—— JW
=] M 5
E ,6 MJI 2 ropunu = Ol ﬁ MJI 2 rogunn
R= (0] =t ] (@]
= 0 [m] *0
R (] % *O j' " ﬁ J\J\»\..___‘
? 7
= * MJI 6 ronun E MJI 6 ronun
5 O 0 = o S %0
o m) o
211 —hl ] E
= ¥ =
= = *
O MJI 8 roaun - O o MJI 8 rommi
g ] 0 0% = R VG o *O
M.ﬂ 8 FOHPH; MJI 8 ronun
O + B1IIIaJ1 500 C + BiIIHaJI SOOOC
O &b g O Q0O oth O D|O[E|o
T T T T T T T

20 30 40 50 60 70 80 90 100 110 20 '30 '40 ' 50 '6|0 l7|0 80 90 '10[0 '110
20, rpan 20, rpan

Pucynok 1 — Jludgpakrorpamu 3pa3kiB NOPOLIKIB Y BUXITHOMY cTaHi, micis MJI ta
Bignamis nmpu S00°C Brpoaorxk 2 roaus: a — Al-33Cu; 6 — Al-33Cu/5C
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omuspkoro no piHoBakHoro — Al + Al,Cu, a npu Temmeparypi Bume 250 — 280°C
MeractabuibHa (a3za 3HuMKae. OkpiM I1bOro, Ha JaudpakTorpamax Bia mopomky Al-
33Cu/5C micns MIJI Bopomoxk 1 romunu mik (002) rpadity, MmO y BHUIIPOMIHEHHI
KOOaJbTOBOIO aHOAY 3HaXOoAuThbcs Ha KyTi 20 = 31° (dgo, = 0,3347 uwMm), 3Hukae. lle
CBIIUUTHh MPO TE€, IO KPUCTAIIYHUNA rpadiT B IPOIECI MOMOJIY 3a3HAB IHTEHCHUBHOTO
pyHHYBaHHS 1 MEPETBOPHUBCA Ha amopdHUI. AHami3 BCiX AudpakTorpam MOPOIIKIB IICs
MUJI Tako 3acBiIuy€e MPO BIJACYTHICTH IIKIB BiJ OKCHIIB Ta Kapoigy Al,Cs.

[Tomon BrnponoBxk 8 roaun cymimei nopomis Al 1 Cu ycix xommno3wuiiit 6e3 1 3 5
Mac.% rpaditoBoi J00aBKM MPUBOAUTH 10 TOSBH METACTAOUTHHOI HEBMOPSIKOBAHOL
OLK-Al,Cuy da3u (pucynok 2). Biamosigao no pesynsratiB CEM, ii ycepemnenwmii
XIMIYHUN CKJIaJ JI7Isl TOPOIIKOBUX KOMIO3UTIB €BTeKTUYHOTO ckiamxy ~40 — 30 mac.%. Al
i ~60 — 70 mac.% Cu (-60 — 50 ar.% Al i ~40 — 50 ar.% Cu) He Bigmomizae
pIBHOBO)XXHOMY, a s 3pa3KiB 13

BmictoM 80 mac. % Cu ii cknang € d ®Cu OAl *AlCug OALCu
OJIM3bKUM 70 PIBHOBaXXHOro ~15 — o o Al-17 Cu
21 mac.%. Al i ~79 — 85 mac.% Cu Jl o\ ﬁo R *
(~62 — 71 ar.% Cu i ~29 — 38 ar. % 5 ol AL1T Cu/5C
Al). z|0o Jt @pﬂ o % R %0

3a MOJIOKEHHSIM Ta i .
IHTErpajbHOI0 MIUPUHOIO TIKIB BiJl g o Al-33 Cu
Al, Cu ta 2-3 HaHiHTEHCHBHIIIMX B W
MIKIB Bl  IHTEPMETaNiIB  Ha g o * Al-33 Cw/5C
IupakUifHUX KapTHUHAX 3pa3KiB BI|E o DI\ ﬁ%ﬁ &o 0%*0
nopomkoBux kommo3utiB Al-Cu i %
Al-Cu/C  micms MJI  ouineHo ,JL Al-80Cu/5C
napametrp r1patku Al i Cu (a), S—— A — k. M-

1 % kY T
KOHIIEHTDAII0 TBEPIOTO PO3UMHY 20 30 40 50 60 70 8 90 100 110

. . 20, rpan
Al(Cu) i Cu(Al) (C), posmip 6 ___ W0
KPHUCTAIIITIB (oGnacreit = B g e
KorepeHTHOro poscitoBanus) (D) Ta o | ] 1
MIKPOCIIOTBOPEHHSI  IpaTku (&) = = g . ~ _ Al
(trabmuus  4). BusBiaeno, mo vy E |v T °Iv "T 3|
= |
3pa3kax  ©BTEKTHYHOTO  CKJIAQay S[FT 3 ZEFE - o AhG
npoiiec (da3zoyTBOpEHHS 217 ¢ $YSS 4§ §:5§ $83FEs 2
: S CEET T P B
B110yBa€ThCsl NUITIXOM (hOPMYBaHHS = ‘ | || II T B T T
. E o~ § e (330)  ~ 600 = Al,Cu
MEPECHEHOTO TBEPIIOTO  PO3UHHY: | & 8 a5 |88 % E.EE%‘”‘? -
Al(Cu) i3 po3umnenssm mimi g0 11 T| T ‘TT &Tﬁﬁ 3 ”v T 8
1 1 1 1
0 0 : —y v I L 3 7T 7T >F &= T 7
mac.% (4,9 ar.%) TICIIs _MH 20 30 40 50 60 70 8 90 100 110
BOPOAOBX 1-2 roauH. BianmoBigHO 26, rpan

70 JaHWX HaBeJeHuX y Tabm. 4 ta Pucynok 2 — Jludpakrorpamu: a — MOPOIIKOBUX
JOKAJIbHOTO XiMiyHOro aHamzy, y komno3uTiB Al-Cu 1 Al-Cu/C pi3Horo ckiany
3pazkax 13 Bmictom 80 wmac.% micas MJI Bhnpomok 8 rommH; O — INTpHX-
CIIOCTEPITAETHCS ¢dopmyBanns miarpamu Al (JCPDS-PDF  101-2989), Cu
Cu(Al) i3 posumuenns amominiro (JCPDS-PDF 04-0836), Al,Cuy (JCPDSO0-PDF 24-
Big 2,2 no 7,5 mac.% (16 ar.%). MJI  0003), Al,Cu (JCPDS-PDF 25-0012)
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BIIPOJI0BX 8 ronuH nmopoikiB Al-33Cu mpuBoauts A0 3meHmeHHs D Big 81 10 25 M, a ¢
pocte Bix 0,11 10 0,25 %. ¥V toii xe vac, mis nopoikiB Al-33Cu/5C D 3meHIyeThes Bin
56 o 17 um, a ¢ pocte Big 0,11 g0 0,77 %. 1le MOXHA MOSICHUTH THM, III0 BBEJCHHS 5
mac.% rpadiry B enemenTapsi nopouoku Al 1 Cu pi3HHX KOMIO3UIIINA B MPOIIECT TOMOITY
CIpusi€ X Kpauomy noApiOHEHHIO Ta HACUYEHHIO Jle(pexTaMu.

Tabauis 4 — Kpucranorpadivui XapakTepUCTHKH MOPOIIKOBUX KoMmio3uTiB Al-Cu i
Al-Cu/C micns MJT

ITo3nauenns | MJI dazoBuit aay, Ccu Acu; Cal, D, g,
3pasKiB Cknan HM at. % HM at. % | uam | %
+0,0001 | £0,5 | £0,0001 | £0,5 | £10 | £0,01
Al-33Cu BHX. Al + Cu 0,4049 0 0,3604 0 81 | 0,11
cTaH
lrox| Al+AlCuy+ 0,4050 0 0,3614 | 1,11 | 51 | 0,17
Cu(Al)
2rox | Al(Cu)+Al,Cuy | 0,4041 | 49 - - 33 | 0,20
+ AIQCU
6rox| Al+AlCug+ 0,4049 0 - - 29 | 0,23
Al,Cu
8 rox Al + Al,Cug+ 0,4051 0 - - 25 | 0,25
A|2CU
Al-33Cu/5C | Bux. Al + Cu 0,4049 0 0,3604 0 56 | 0,11
cTaH
1 ron Al + Cu(Al) 0,4053 0 0,3617 | 2,7 | 42 | 0,35
2 rox | Al(Cu) + Al,Cug+ | 0,4047 1,3 0,3618 | 3,3 | 30 | 0,69
Al,Cu + Cu(Al)
6 ron Al +Al,Cug+ 0,4051 0 - - 18 | 0,70
Al,Cu
8 rox Al +Al,Cug + 0,4053 0 - - 17 | 0,77
Al,Cu
Al-80Cu/5C | Bux. Al + Cu 0,4049 0 0,3604 0 71 | 0,11
cTaH
4rom | Cu(Al) + Al,Cug - - 0,3616 | 2,22 | 51 | 0,27
8 rox | Cu(Al) + Al4Cug - - - - 28 | 0,69

Hani AMP 3pazkiB nopormikoBux koMmno3utiB Al-80Cu/5C 1 Al-33Cu/5C micas MJI
BrpoaoBk 8§ roawH Ta Bianany mpu S00°C (pucyHOk 3) MIATBEPKYIOTh PE3yJIbTaTh




PEHTIC€HOCTPYKTYpHOTO aHamizy. Tak,
curHanu B okoii 1000 ta 500 m.u Ha
SMP-cniekTpax ZAl TTOPOILIKOBUX
komno3utiB  Al-Cu/C  micis MIJI
BIIPOJIOBXK 8 TOJMH MIATBEPIKYIOTh
IPUCYTHICTh MeTacTabuIbHOT
uesnopsaakoBanoi Al,Cug dasu, a curnai
B okomi 1400 m.g., mo Al,Cu ¢aza
OPUCYTHS,  BIPOTIAHO, Yy  BUIJISAL
HecrexiometpuaHoi Al,Cu; q)a3H (0,012
< X < 0,059). Curnan B okom 0 M.4.
MOB’SI3aHUM 13 HASBHICTIO OKCHUIHUX
mwiiBok (AlO, Ha 55 m.4. 1 AlOg Ha 0
M.4.), aJie¢ 13 BpaxyBaHHSAM SIBHIIA CKiH-
edekTy, Horo BIJIHOCHA I1HTEHCHUBHICTH
MOX€ He BIAMOBIIATH peaIbHIi KIJTLKOCTI
OKCHJIIB y 3pa3Kax.

I3 cniBcTraBnenns pesynastatiB CEM
Ta  PEHTTEHOCTPYKTYPHOTO  aHaji3y
OUEBHMJIHO, 110 BBeJAeHHA S5 Mac.%
rpadiToBoi  g0o0aBKM B MpOIIEC]
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A1 AlCu

~ 1630 Al Cu Al Cu, "
~ 1393
~1083 ~ 458 AlO,
~0
Al Cu 500 500
Al 4430

~ 16147
____’_,/\ Py
- -

2500 2000 1500 1000 500 0 -500

XiMiYHMIT 3CYB, M.4.
Pucynok 3 — SMP-cmextpu Al
nopomkoBux kommosutiB Al-Cu/C micns
MJI BopomoBx 8§ roavH 1 BiANany HOpU
500 °C: a, 6 — i3 BmicToM Mmizai 80 mac.%; B,r
— 13 BMicTOM MiJi1 33 mac %

MEXaHOAKTUBALIMHOrO 00poOsieHHs eneMeHTapHux nopomikiB Al 1 Cu copusie ix kpamomy
noApiOHEHHI0, HACUYEHHIO JeeKTaMu, OOBOJIIKAE€ METAJIEBl YACTUHKH, MEPEUIKOKAE iX
ariomepariii Ta YHOOBUIBHIOE peakuliiHi mnporecu. lLle mnposBiaseTbCcs B TOMY, IO
3QJICKHICTh PO3MOALTY YACTUHOK 3pa3KiB MOpoIIkoBuX kommno3utTiB Al-33Cu micis MJI

BIIPOJOBXK & TOOUH Mae€
MOHOMOJIATBHUM XapakTep 13

S a & o . )
g 80 ——AI-33Cu_Bux. cTan g ) I —AIl-33Cu/5C_BuxX. cTan Cepe'HHlM . p03M1p0M
2 60 —AR3Cu Mo E 60 —AI-33Cu/5C_MIT I ro arnomepariB 45+20 MkM, a
E e\ |-33Cu_MJI 8 rox S ) |-33Cu/5C_MJI 8 rox . Al 33C /5C .
g 40] g 40 3pa3KiB -33Cu - 13
2 o9 2 0 OIMOJANBHUM  PO3TOJIIIOM:
Q Q
5, 2 Ipi0OH1 YaCTHUHKHU 13
0 50 100150200250300350 = 0 50 100150200250300350  cepemmimMu po3mipamu ~ 1-20
D, MKkM D, MxMm
MKM 1 KpYIHIII YacTUHKH
£ 06 & 5 po3Mmipom 35 wMkM (pwucC.
s —@— Al-33Cu “s 10 W Al-33Cu/5C 43,,6). MCTOI[OM BET 6yJ'IO
o o |
= ' z 8 BU3HAYEHO, 10  MUTOMa
o 6 o 6
g , g 4 IJIOIA TMOBEPXHI TMOPOIIKIB
] o =}
H 27'\ / - i3 rpadiToBOO  J100aBKOIO
g ol _e—® g 0 nicass MJI takox B ~2 pasu
= g : : . 2 -
= 0133M‘j‘]56789: 0133M‘;56789 oimpire (mo 8,3 M7/r), HiK
ac , TOJAMHH ac , FTOAUHHU 2
mis Al-33Cu (3,6 wm/r)
Pucynox 4 — Cepennii po3Mmip 4YaCTMHOK Ta Iuoma (puc.4s,r).
NOBEPXHI NOPOIIKOBUX KOMIIO3UTIB €BTEKTUYHOI'O CKIIAy Jocmimrenns

miciist MJT: a, B — Al-Cu; 6, r — Al-Cu/C

METOJI0OM paMaHIBCHKOT
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cnekTpockorii mopomkopux komio3utiB Al-Cu/C i3 Bmictom miai 33 i 80 mac.% micis
MJI Tta BignaniB npu 500 °C BOpogoBK 2 TOAWH BUSBUJIO IO KPUCTAIIYHUN rpadiT B
IPOIIECi TIOMOJTY TIEPETBOPIOEThCS Ha amopdHui. Tak, momMoJ BIpoAaoBXK | roInHU 3pa3KiB
Al-Cu/C eBTekTHYHOrO cKiamy crpusie yumpensio D-cmyru (1327 em™) i G-emyru (1598
cm™), a 3MmiHa criBBigHOMmeHHs ix inTencuBHOCTel (Ip/lg) M0 1,25, pasoM i3 YIIHPEHHSM
Ta 3MEHIICHHSIM 1HTEHCHUBHOCTI
2D-cmyru CB1/TYaTh po
3MCHIIICHHS] PO3MIpPy YacCTHHOK,
301IBIIEHHS KIJIBKOCTI AE(EKTIB Ta

CTYIICHIO PO3YIIOPSIKYBAHHS.
36inmpmenns yacy MJI no 8 roaun
MIPUBOJIUTH 10 3MIiHU 220 G

.. ; 103 260 2D
crmiBBiguomenns Ip/lg mo 1,5 1 l'_l_L <UOD+G ¢
3HUKHEHHS 2D-cMyTH, mo BKa3ye D &

Ha amopddizaiito rpadity. [loaioHa
JTUHaMIKa CIIOCTEPITaeTbCA 1 IS
3pa3KiB TMOPOIIKOBUX KOMITO3UTIB
Al-80Cu/C (pucynok 5). TlosiBa
JOJIAaTKOBUX CMYT B OKOJi 485 1
850 cmM' Ha pamaHiBCHKOMY
cinektpi mopomkiB  Al-33Cu/5C
micias  BiOAOATy  CBIOYUTH — IPO
yrBOpeHHsIM Kapoiny Al,Cs. Oxpim
TOr0, Ha  CIEKTpax  3pa3KiB
€BTEKTUYHOT'O CKJIazly icas
IIOMOJY BIPOJOBX & TOAMH Ta
BIJIMANTy TaKOX CIIOCTEPIrat0ThCs
cmyrn Ha 103 i 260 cm™, ski €
xapaktepuumu s OIT-Al,Cu
¢da3u, a Takok cmyra B okom 220
e, ska XapakTepHa A
MOJIEKYJIAPHHUX TPyl okcuay mimi PucyHok 5 — PamaHIBCBKI CHEKTpU MOPOLIKOBUX
na mnosepxui. Ha Bigminy Big kommnosutiB Al-Cu/C i3 BMicToM Mini 33 Bar.%: a
LOTO, JJIS 3pa3’KiB IOPOLIKOBUX — BUX. cTaH, 0,8 —micas MJI Bopogosx 1 Ta 8
kommo3utiB Al-80Cu/C micng MJI  tomuH, T — micis Bignaixy npu 500 °C, i3 BMicToM
ta Bigmamis cmyr, xapakrtepuux Miai 80 Bar.%: n, e —micas MJI Boponosx 1 Ta 8
s Al,Cs 1 OL[T-Al,Cu dasu, ne roxaus, € — nici Bignany mpu 500 °C
CIIOCTEPIranoch.

XonoaHe ipecyBaHHs Ta crikadHs MJI Bpo1oBk 8§ TOIUH MOPOITKOBUX KOMITO3UTIB
Al-Cu i Al-Cu/C no3Boamno otpumatdt MMK y BHUIJISIII KOMIAKTIB i3 IMiBUIIEHAM
piBeHEM MeXaHIYHHMX BIacTHBOCTeW (Tabiuig 5). I3 cmiBcTaBiGHHS OIIHEHHX 3a
MPaBUJIOM CYMIIII BEJIMYUH 1X MIKpOTBepAocTi (Momymto KOHra) i3 ekcnepuMeHTaTbHUMA
BUSIBJICHO, IO 3MIITHEHHS OOYMOBJIEHE KOMIUIEKCHOIO €0 3€PHOTPAHUYHOTO Ta
JTUCIIEPCIMHOrO MEXaH13MiB 3MIITHEHHS.

D+G

IHTEHCUBHICTD, BiJIH. O/I.

€

0 500 1000 1500 2000 25'oc1> 3000 3500
PamaHiBCbKHIi 3CYB, CM

[TosiBa Ha audpakmiiHUX KapTHHAX HOporkoBux Kommo3uTiB Al-Cu/C i3 BMicTOM
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Mmimi 80 mac.% micnsa cmikanas npu 850 °C manctpykrypuux (210), (300), (522) mikiB
nopsiJi 13 OCHOBHMMH mikamu Bij piBHOBakHOi Al4;CUg ¢da3u (pucyHok 6), 103BOJIsIE
3pobuTH BUCHOBOK Tipo BropsiakyBanHs OLIK-Al,Cug dasu y v,-Al,Cuy (cTpykTypHOTO
tuny D83). IlosiBy aHajgOriyHMX, aje MEHII IHTEHCHUBHHX ITKIB OyJIO BHSBJICHO IiCIISA
Bignany Brpogorx 2 roaud mnpu 500 °C MJI mopomkis Al-Cu/C i3 BmicTtomi mimi 80
mac.%. Tomy poOUTBCS BUCHOBOK Mpo ii BHOpsAAKyBaHHS mpu Temrepatypax 500 °C 1
Butie. [Ipu 1boMy npucyTHICTh KapOiny BUSBICHO HE OYII0.

Tabauis 5 — Mexaniuni BaacTHBOCTI opomkoBux kommo3utiB Al-Cu i Al-Cu/C

[To3Ha4eHHS 3pa3KiB daszoBuil CKIaL, Hio, | Enes | Huexe, | E exp,
% 06. [Ma | IMa | I'Ma | ITa jj) .
+0,3 +10 +0,5 +20 ’
Al-17Cu cruiaB 79 Al +21 Al,Cu 1 81 1,3 88 0,92
Al-17Cu xommo3uT 76 Al +24 Al,Cu 1,1 82 1,7 101 0,88
(480°C)
Al-17Cu/5C 61 Al +36 Al,Cu + 1,7 95 2,4 114 0,84
komro3ut (510°C) +3 Al,C;
Al-33Cu cruias 59 Al +41 Al,Cu 19 91 1,9 104 0,89
Al-33Cu komnozur | 37 Al + 56 Al,Cug + 29 135 2,8 110 0,76
(TKiMH) +7 AIQCU
Al-33Cu xomMTI03UT 57 Al +43 Al,Cu 2,1 93 3,4 112 0,83
(480°C)
Al-33Cu/5C 37 Al + 47 Al,Cug + 2,5 121 2,2 107 0,77
KOMITO3HT (T ) 16 Al,Cu
Al-33Cu/5C 34 Al +63 Al,Cu + 3,1 110 5,5 180 0,75
komro3ut (510°C) +3 Al,C;
Al-80Cu/5C 100 v,-Al4Cug 41 180 6,2 148 0,8
komro3ut (850°C)
a € ¥p-AlCug
8 s N {
E E m} %
E Z . w*“wm P ity
2 S £ S || = = |GaB
5558 2| %8| 5§ |BENG
2 —_— g - —
£ 1 g L= | g
20 30 40 S50 60 70 80 90 100 110 T 36 38 44 46 48 B4 66 68
28, rpan

26, rpan

Pucynox 6 — Jludpakrorpamu mnopomrkoBux kommo3uTiB Al-Cu/C i3 Bmictom wmimi 80
Mmac.% micns crikanas npu 850 °C: a — 3arayibHa KapTHHA, 0 — 11 301IbIIeHN PparMeHT
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Pentrenoctpykrypuuii ananiz ta CEM nopomikoBux kommo3utis Al-Cu i Al-Cu/C
JIOEBTEKTUYHOTO 1 €BTEKTUYHOTO CKJIQy ITICIIs CIIKaHHS (PUCYHOK 7) TO3BOJIMIIM OI[IHUTH
00'emHi wactku ¢a3 Al, Al,Cu, Al,Cug Ta Al4Cs. I3 pucynky 7a,6 BUIHO 1110, OKpiM 3-5 %
00. kapOiny, mopomikoBi koMno3uTH Al-Cu/C eBTEKTHYHOIO CKJIaay MiCTHIM HAWOLIBIITY
00’emuy vactky OI[T-Al,Cu iaTepmeraniny (10 63 % 00.), o npubnusno Ha 20 % Buile,
HDK y koMmmo3uTax i ciuiaBax Al-Cu ananoriunoro ckmany. Pesynsratu CEM 3paskiB
MOPOIIKOBUX KOMIIO3UTIB JOEBTEKTUYHOTO 1 €BTEKTUYHOTO CKJIaay, Y TOpIBHSHHI 13
BIJIMOBIIHUMH CILJIaBaMH, TPEACTABIICHI Ha PHUCYHKY /. BuaHO, 1m0 MIKpOCTpyKTypa

a 4]
Coa  mmacCe CJACY,ETAC, (A  EEALC DALCy, CEIALC,
= 100 = 100
301 %0
‘E. so{ 76 79 E’, 80
704 T0 63
. 61 2 ol 57
g 504 E 50 4
g 40 g
-] 30‘ 2] -] 30
3 20 g 2
& 10] 3 l o 10 3
2 g | . Peaweza) o ol |
Al-1TCu  AIITCuW/SC  Al-17Cu Al-33Cu ALL33CWSC  Al-33Cu
KOMTIO3AT  KOMITO3AT cnnae KOMTIO3HT  KOMMO3HT  CaBs

Pucynok 7 — KinbKiCHUN PEHTTEHOCTPYKTYpPHHUHN aHajli3 3pa3KiB PI3HOTO CKJIAdy: a —
N0eBTeKTHUHOTO, 0 — eBTekTHYHOr0. CEM 3paskis: B, r — cruiaBiB Al-17Cu ta Al-33Cu;

1,e — kommo3utis Al-17Cu ta Al-33Cu; €,x — xommo3suriB Al-17Cu/5C ta Al-33Cu/5C,
BIIIIIOBLIHO.
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koMmo3uTiB  Al-Cu/C eBTEeKTHYHOTO CKJIAQy MICTUTh MEHII OJHOPIAHUN PO3ITOJILI
BKIt0ueHb Al,Cu (CBITIIIIONO KOHTPACTY), a arjloMepaTH YaCTUHOK PO3MIpoM 5 — 40 MKM,
OlnpIn 30arayeHUx agloMiHIEM (TEMHIIIOTO KOHTPACTY), PO3TAIllIOBaHI B CEpPE/IMHI
obJiacTeil 31 CBITJIMM KOHTPACTOM, PO3MIpP SIKMX Maike CIIBHaJaE 13 CepeHIM PO3MIpOM
YaCTMHOK KpymHimoi ¢pakmii mcias MJI (puc.7x). B Toii ke 4ac, mpeacraBicHi y
AUcepTamii JaHi MamyBaHHS Ta JIOKaAbHOro XiMiuHoro anamizy nux xe Al-Cu/C
KOMIIO3HUTIB €BTEKTHYHOTO CKJIaAy CBig4aTh TMpO T, M0 BYIJClb PiBHOMIPHO
PO3MOIUICHUN y BUTJISIII BUCOKOAUCIIEPCHUX BKIIIOUEHB IO BCbOMY 00’ €My 3pa3Ky.

Crix BIiAMITUTH, 1O 32 JaHUMHU PEHTICHOCTPYKTYPHOTO aHAJi3y >KOJHHUX MIKIB Bij
OKCHJIIB Ha PEHTTEHIBCHKUX Iudpakrorpamax mnopomkoBux kommnosutiB Al-Cu Ta Al-
Cu/C i3 pi3HEM BMICTOM MiJii TICJIS CIIIKAHHS BUSIBIICHO He OYIIO.

Y d4erBepTOMY PO3AiJIi HaBEACHO PE3YNbTATH EKCIEPUMEHTAIBHHUX IOCIIIKCHb
cTpykTypHO-(azoBoro crany b® Al/Cu i3 Bmictom Cu 33 mac.% i 80 mac.% (mepioay 60
HM 1 30 HM) y BUXIJIHOMY CTaHi (MiCis OCaQ/PKCHHsS) Ta IICHsA BIJAMAIB, a TaKOX iX
MEXaHI4YH1 BJAaCTUBOCTI Ta PEaKIliitHy 3/1aTHICTb.

3a pesynbratamu (Ha30BOr0 pPEeHTreHOCTpYKTypHOro anamizy b® Al/Cu o6ox
KOMITO3UIIN micist Biamany npu TemrepaTrypi 150°C BrpomoBxk 30 XBWIMH BHUSIBICHO
dbopmyBanHs MeTactabinpHOi HeBmopsakoBanoi OIIK-Al,Cuy da3u pasom i3 dasoro
Hwk4oi cumetpii OLT 0-Al,Cu (pucyHok 8). 30imbIlIeHHS TeMmIepaTypu Biamaiy 0
500°C npuBOaUTH A0 TOCTYMOBOTO (opmyBaHHS (Hha30BOrO CKIIAMy, OJIU3BKOTO J10
piBHoBaxkHOTO: Al + Al,Cu y B® Al/Cu i3 B™micToM Mizi 33 Mac.%, n-AlCu + y,-Al,Cug y
b® Al/Cu i3 Bmictom mimi 80 mac.%. Takum unHOM, y B® Al/Cu eBTekTHYHOTO CKIIamy
npu Temreparypi Buiie 250 — 280°C meractabinpaa HeBnopsinkoBana OLIK-Al,Cuy daza
He crioctepiraerbes, a y b® 13 Bmictom Mial 80 mMac.% micis BiAnaliiB IpU TEMIEpaTypax
500 — 850°C cmoctepiraerbes i BropsiakyBaHHs y Vo-Al,CUg a3y (cTpykTypHOTO THITY
D85).

Ha npuknani b® Al/Cu eBrekTnyHoro ckianay oriHeno mapamerp rpatku Al i Cu ta
KOHIIEHTparito nepecuyeHoro tBepaoro posunnv Al(Cu) i Cu(Al) mo i micas Biamaiis

6

® Cu 0 Al * AlyCug %7, - Al4Cug OALLCu WAICu

a = o} BHXi\HKHA CcTan
| o @ [
g OAl O A|2Cll * A|4Cllc} ®(Cu E wwu W
= o e = e U
C| o BHXIIHHIT CTaH < |0 O ﬁ*QI .J:‘O C
. N/ = [m] N O

% A E? S N \A'\H-\vww
§lo o6 o0 150 "ol <= - 200"C
= A Ll A & O g [ I .er\l ™ Ny
~ P A et WMWWWW < i J"r-'" - e Pettvin e e
= =
Z F o 200 ‘c = *i 500 'C
H
i 'KJ W u NP"'J ﬁ*rmwwﬁ o NHNJW '% MKM WWNWWN}WM
E| O Ql s =
207 9 '?'J o a0 q 500 'c % * .,;;'. & gu C
-] |
fead T T T T
E 20 30 40 50 60 TO BO 90 ‘100 110 20 30 40 50 BD ?0 80 80 100 110

20, rpan

20, rpan

Pucynok 8 — ludpakrorpamu b® Al/Cu 13 pizaum BmicToM mizi: a — 33 mac.%; 6 — 80
Mac.%, 10 Ta MicJis BiANaaiB BIpoaoBxk 30 XBUIMH
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(trabmumst 6). Ilokazano, mo mporec (a30yTBOPSHHS BiIOYBAEThCS 13 IMEPECHUCHOTO
tBepaoro pozunny Al(Cu) i3 Bmictom miai 1o 8 mac.% (3,2 at. %) ta Cu(Al) i3 BMicTOM
amomiHito 1,9 mac. % (3,33 at.%) y BuxinHomy crani bO.

Tabauis 6 — Kpucranorpadiuni xapakrepuctuku 6ararorraposux ¢ossr Al/Cu

[To3snauenns | Temmneparypa

3pasiB Biman A, HM Ccuc; 8cy, HM CAIo’ D,am | ¢ %

P oo | £0,0001 if(-)gf’ +£0,0001 af(-)g" 110 | 0,01
BO AI-33Cu | sux.cran | 04043 | 32 | 03614 | 333 | 48 | 0,79
120 04047 | 144 i i 64 | 063

150 0,4049 0 i i 80 | 0,56

170 04048 | 0,44 i i 113 | 046

200 04048 | 0,44 i i 113 | 046

500 04047 | 0,88 i i 128 | 027

Buie3aznauene, a Tako)X HAasBHICTh HAMOUTBIINX MIKPOCIOTBOPEHb IPATKH Y
BuxigHoMy ctaHi b® Tta opientamiiinoro cmiBBigHomenHs (111)['K//(110)OLK wmix
kpuctaigitamu Al 1 MmetactabibHol HeBnopsimkoBaHoi Al,CuUg da3u micist Biamany JAesKux
b® Al/Cu, a Takox BiJHOCHO BHCOKa IIBHJKICTh MEPETBOPEHHS, CBIIYATh MPO 3CYBHHIA

MexanizM ['IIK — OILIK nepeTrBopeHHs.

Hani SIMP B® Al/Cu i3 Bmictom miai 33 i 80 mac.% micnsa Bigmamy mpu 150 °C

HiATBEPIKYIOTh pe3yabTaTh
PEHTTCHOCTPYKTYpHOTO aHamizy. Tak, Ha
cektpax  SIMP  ?’Al  crocrepiraroTses

II’SITh CUTHAJIB, 13 0 B okoal 1600, 1400,
1000 Tta 500, 0 M.y, MmO BIAIOBIIAIOTH
metaneBomy Al, Al,Cu i Al,Cuy dazam Ta
OKcHJaM Ha mnoBepxi mnopowkiB 13 bd
(pucynok 9). Ciig BIAMITHTH, 1[0 CUTHAIH
Ha SIMP-cnetpax bB® Al/Cu Ta
nopoiikoBux kommo3utie Al-Cu/C micis
MJI BHpomoBX &8 TOAUH EBTEKTHUYHOTO
ckinany € momionumu (pucynok 3). Ha
BiAMIHY BiJ mporo, AMP-crierpu Al BD
Al/Cu Tta mopomkoBux kommo3uTiB Al-
Cu/C micis MJI BopomoBk 8 roauH i3
BmictoM wMmigi 80 Mac.% BigpI3HSIOTHCS
HasBHICTIO curHaiy B okoui 1400 m.u.
CaiBCcTaBIg0OuYn OIL[IHEH] 3a

AlzCu

2500 2000 1500 1000 500

XiMIUHH 3CYB, M.4.

0

-500

Pucynox 9 — AMP-cnextpu b®d Al/Cu i3
BMICTOM Miai: a — 33 mac.%; 6 — 80 mac.%,
nicia BignaniB npu 150 °C Bnpogosxk 30

XBUWJINH

MPaBUJIOM CYMIllll BEJIMYMH MIKpOTBepAocTi (Moxyito HOHra) i3 ekcrepruMeHTaIbHUMHU
b® Al/Cu BusBneno(tabuuus 7), mo ix B3MIIHEHHS MICHs BignajiB OOYMOBIICHE
MoaudIKaIiEr CTPYKTYPHO-()a30BOTO CTaHy.
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Tabmuns 7 — Mexaniuni Biractusocti 5@ Al/Cu

[To3HaueHHs 3pa3KkiB ®da3oBuli CKiIaj, Hc, Ene, | Huexe, | E exp,
06. % [Ma | IMa | ITa | ITa j) .
+0,3 +10 +0,5 +20 ’
Al-33Cu cras 59 Al + 41 Al,Cu 1,9 91 1,9 104 | 0,89
b® Al-33Cu 68 Al + 32 Cu 0,8 o1 4,7 138 0,78
(BUX.CTaH)
b® Al-33Cu 44 Al + 38 Al,Cug + 3,2 80 5,6 147 0,74
(150°C) 24 Al,Cu
B® Al-33Cu 61 Al + 39 Al,Cu 1,6 91 53 136 0,74
(200°C)
b® Al-33Cu 55 Al + 45 Al,Cu 1,8 94 4,7 136 0,77
(500°C)
B® Al-80Cu 18 Al + 82 Cu 0,9 52 4,7 141 | 0,79
(BUX.CTaH)
B®d Al-80Cu 55 Al,Cug + 45 AlL,Cu | 4,9 80 53 147 0,73
(150°C)
b® Al-80Cu 10 AlL,Cu + 90 AlCu | 10,3 183 6,8 177 0,73
(200°C)
B®d Al-80Cu 9 AlCu + 91 v,-Al,Cug | 10,6 176 4,5 131 0,73
(500°C)
Y nm’aromy po3aiili HA  OCHOBI  EKCHEPUMEHTAIBHUX  PE3YJIbTATIB

PEHTIC€HOCTPYKTYPHOTO aHaJi3y Ta JITepaTypHUX JaHUX MOOYI0BAHO eJIeMEHTapHI IPATKU
1 BIANOBIJHI PEHTTEHIBCbKI JU(]pakTOorpamMu I1HTepMeTaneBux (a3 Ta MNEepPecUUYECHHUX
TBepAUX  po3uuHiB. [liATBEpIKEHO  MOXIUBICTH  (OPMYBaHHS  METACTAOLIBLHOT
HeBnopsiakoBanoi Al,Cug ¢asu ta yrouneno i crpykrypy y Bumisaai OLK-rpatku i3
napametrpom a = 0,2951 um (cTpykrypHmii THn A2, mp. rpyma Im3m) i3 3amoBHEHICTIO
aromamu Al i Cu (50 na 50 ar. %), mo noniona no P-dasu. [lokazaHo MOXIHUBICTE Tl
BHOpsAKYBaHHsA y V2-Al,Cug a3y (ctpykryproro tumy D83, np. rpymna P-43m, a = 0,8702
HM). PosrisayTo MoxumBicte ¢popmyBanus OLT 0-Al,Cu ¢a3u sk y Burisii crabiibHOT
0-Al,Cu ¢asu (mip. rpyna I4/mecm a =b =0,6067 um, ¢ = 0,4877 um), Tak i MeTacTaOIILHOT
0'-¢asu (np. rpyma Fm3m, a = b = 0,4041 uMm, ¢ = 0,5800 HM) 51K «TIpOMIKHOT» (asu, 110
oepe yuactp y 'IIK—OIIK neperBopenni. [lobynoBaHo enemMeHTapHi IpaTKd TBEPAOTO
po3unny Al(Cu) 13 BmicTom miai 4,94 at. % (mp. rp. FmM3m, a = 0,4041 uam) ta Cu(Al) 13
BMicCTOM amioMiHiio 16 at.% (mp. rp. FmM3m, a = 0,3638 HM), a TakoX BIAMOBIIHI
PEHTIeHIBChKI u]pakTorpamMu, 3a TOMOMOTOI0 SKUX OOIPYHTOBAHO MOKJIMBICTH iX
(dbopmyBaHHS.

Buiezasnauene pa3oMm i3 BIAMIHHICTIO 3ajJeKHOCTI mapamerpy rpatku Al Ta
KOHLIEHTpalii mnepecuyeHoro TtBepaoro po3unHy Al(Cu), po3mipiB KpHCTAIITIB Ta
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MmikpocriotBopeHb Ipatku Al Bigx wacy MJI mopomkoBux xommo3utiB Al-Cu Ta
temnepatypu BignamgiB b®d Al/Cu eBTEKTMYHOrO CKJaay, OI[IHEHUX 3a JaHUMU
PEHTTEHOCTPYKTYPHOIO aHamizy (prucyHok 10) Hamaau MOKJIMBICTh 3pOOUTH HPUITYIIECHHS
Ipo pI3HI MEXaHI3MU IEPETBOPEHb: 3CyBHUH — y B®, nudys3iiiHuli — y MOPOIIKOBHX
KOMIIO3HUTaX.
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Pucynok 10 — Kpucranorpadiuni XxapakTepUCTUKHU 3pa3KiB €BTEKTUYHOTO CKiaay: a, 0 —
nopoinkoBux komno3utiB Al-Cu ta Al-Cu/C miciis MJI, B —b® Al/Cu micins Bignais

[Tokazano, mo pesynbratu JICK 1 BHCOKOTeMmepaTypHOi in-situ peHTTEeHIBCHKOT
nudpakToMeTpii KOPeNlTh MK c00010. I3 pucynky 11 odeBumHO, 10 TeMIepaTypHi
inTepBanu nepetBopenb 120 — 280 °C qyis bd Al/Cu Tta nopormikosux kommo3utie Al-Cu
micis MJI Brnponoex 8 TroauH €BTEKTUYHOTO CKIIaay chiBmaaarTh. Ha dparmenrax
muGpakiifHUX KapTHH TICAS BIAMAIIB I1HUX K€ KOMIIO3UTIB Yy aHAJIOTTYHOMY
TeMIEpaTypHOMY  1HTEpBajJli  CIIOCTEPIralOThbCsA  MIKM  SK  Bil ~ MeTacTabUIbHOI
uesnopsakosanoi OIK-Al,Cug, Tak 1 Big OLIT-Al,Cu da3. [Ipu Temneparypi Buiie 250 —
280 °C mik Bix MetactabinpHOI HeBrmopsakoBanoi OLIK-Al,Cuy da3u 3uukae, a BigHOCHA
inteHcuBHICTh TikiB Big OLIT-Al,Cu da3u 3pocrae. I3 3pocTtaHHsIM TeMIiepaTypu Bifmary
10 500 °C dopmyerbest (a3oBuii ckian, onms3bkui 10 piBHoBaxkHoro (Al + Al,Cu). I3
3poctaHHsIM Temrieparypu Bianainy 10 500 °C dopmyerbest pa3zoBuii ckiaj, OJU3BKUI 10
pisaoBaxkaoro (Al + Al,Cu). Bianosigno no manux JICK, peakiiiina 3qataicts b (193,4
JIx/T) € OinbIioro, Hik mopornkoBux kommo3utie Al-Cu micis MJI BrnpoaoBx 8 roauH
(114,2 IIx/1). [Ipudyomy, 13 301nbmmennsm gacy MJI Bix 2 10 8 ronuH peakiriiiHa 3aTHICTh
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nopomikoBux kommnosutiB Al-Cu 3menmyetsest Big 114,2 mo 11,3 [x/r, a HalOubIry
peakiiiiny 3xatHicts 236,8 Jx/r maau Bd Al/Cu i3 Bmictom mizi 80 mac.%.

Tennoswuii norik, MBr/Mr
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Pucynok 11 CTabinbHICTS KOMIIO3UTIB €BTEKTHYHOTO CKJIagy B yMOBax
HenepepsHoro HarpiBy 10 530 °C: a, 6 — JICK b® Al/Cu Ta mopomkoBHxX KOMITO3UTIB
Al-Cu ta Al-Cu/C nicns MJI Bopomox 8 roaus; B,r — GparMeHTH TUGPaKIIHHAX
kaptua b® Al/Cu Ta mopomkoBux kommno3utiB Al-Cu/C micist MJI Bipo 0Bk 8 roanH

BUCHOBKHA

B aucepramiiiHiii  poOOTI  omepxaHl  HOBI  pe3yJbTaTH  MNpO  BIUIMB
BHCOKOEHEPIe€THYHOIO0 MEXaHOAKTUBALIMHOTO OOpPOOJIEHHS €JIeMEHTapHUX MOpowKiB Al 1
Cu 6e3 1 3 nmobGaBkoro rpadiTy, a Takox BianaimiB OararomapoBux ¢ossr Al/Cu,
OTPUMAHUX EJIEKTPOHHO-TIPOMEHEBUM OCA/P)KEHHSAM, Ha TPOXOHKEHHS TBEpAO(PazHUX
peakiiii CUHTE3y METaJOMaTPUYHUX KOMIIO3UTIB, iX CTPYKTYpHO-(pa3oBUil CTaH 1
MEXaH14H1 BJIaCTUBOCTI:

1. Brnepmie Bu3zHaueHo ymoBH (OpMyBaHHsS MeTacTabuIbHOI HeBmopsiakoBaHoi Al,Cug
¢da3u B mopomkoBux kommno3utax Al-Cu i Al-Cu/C i3 Bmictom Cu 17, 33 1 80 mac.% micis
MEXaHIYHOTO JIETYBaHHS BIPOJOBXK 1-8 roauH, a Takox y ¢onbrax Al/Cu i3 BMicTOM Ml
33 1 80 mac.% micnsa Binmany mipu temmeparypi 150 °C. BceranoBieHo, 1Mo ajisi 3pa3KiB
JIOEBTEKTUYHOTO 1 €BTEKTUYHOTO CKJIAAY CIIOCTEPITAEThCS TaKOXK YTBOPEHHS a3y HIKUYOT
cumetpii OL[T 6-Al,Cu.
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2. YTOYHEHO CTPYKTYpY MeTacTadiinpbHOi HeBnopsakoBaHoi Al,Cug das3u y Burismi OLK-
rpatku 13 nmapameTpoM a = 0,2951 um (ctpykrypHoro tuny A2). [TokazaHo, 110 y 3pazkax
13 BMicToM Miai 17 1 33 mac.% ii xiMIUHHMI CKJI1a] HE BIJMOBiAa€ PIBHOBAXXHOMY, a ITICISA
Bianany npu Temmneparypax Buile 250-280 °C BoHa 3HmKae. [y 3pa3kiB 13 OUIBIIMM
BMICTOM MiJll 11 CKJIaJ € OJM3bKUM JI0 PIBHOBAKHOTO, a IMICHS BIAMAIY MPH TEMIIEpaTypi
500 °C i BuIie BoHa BIOPSIKOBYEThCS Y Y2-Al,CuUg hasy (ctpykrypHoro Tumy DS83).

3. Otpumano 3anexxHocti nmapamerpiB rpatku Al 1 Cu Big 4yacy MEXaHIYHOTO JIeTyBaHHS
BIJIMTOBITHUX €JIEMEHTAPHUX MOPOIIKIB 0€3/3 100aBKOI0 rpadiTy Ta TEMIEPATyPH BiAmary
B® Al/Cu, siki HOCATP HEMOHOTOHHUHN XapakTep, 10 CBIAYUTH MPO Te, 10 (Pa3oyTBOPEHHS
BiIOyBaeThCsl HUIIXOM (OpMyBaHHS TmepecuueHuX TBepAux pos3uuHiB Al(Cu) 13
po3uuHHIcTIO Mimi 10 11 mac.% (4,9 at.%) ta Cu(Al) i3 po3unHHICTIO amtoMiHi0 10 7,5
Mac.% (16 at.%).

4. Bnepie noka3zaHo, 1o 1o6aska 5 mac. % rpadity 1o enementapaux nopoukis Al 1 Cu
MiJ Yac MEXaHIYHOTO JIETYBaHHS CIpPHUSE iX Kpamomy MOAPIOHEHHIO Ta HACUYEHHIO
nedexkramu. Kpucrtamiunuii rpadit, NepeTBOPIOIOYUCH Ha aMophHUN 1 OOBOIIKAIOUU
MeTaJeBl YAaCTUHKH, MEPENIKOKAE iX arjioMeparlii Ta YINOBUIBHIOE PEAKIiHI MPOIIECH.
Moaudikariist CTpyKTypHO-(a30Boro crany mopomikoBux kommo3utiB Al-Cu/C i3 BMicToM
mimi 33 1 80 mac.%, OTpUMaHUX MEXaHIYHUM JIETYBaHHSM BIPOJOBX 8§ TOAUH 3
HacTynHuM crikanHaM 1pu 30 MIIa 1 remneparypax 480-510 °C 1 850 °C, oGymoBitoe
cytTeBe (B 2-3 pasu) migBuiieHHs piBHA MikpotBepaocti Hy = 5,5 I'Tla (E=180 I'Tla) ta
6,2 I'Tla (E=148 I'Tla), BiamoBimHO, i3 30epexeHHsM tactuaHocTi 0,75-0,8 B mopiBHSAHHI
13 TPAAULIHHUMU CIUIaBaMHU aHAJIOTIYHOT'O CKJIadYy.

5. Bcranosnero, mo gopmyBanHs MetactadinbHOI HeBnopsakoBanoi OIIK-Al,Cug dbasu y
nopoimkoBux kommo3utax Al-Cu/C i3 Bmicrom Migi 33 wmac.% wiciss XOJOAHOTO
npecyBaHHs npu 8 I'Tla 1 Ty, cripusie 301bienHI0 MikpoTBepaocTi Hy no 2,8 I'Tla (E =
110 I'Tla), a y OaratomapoBux ¢osbrax Al/Cu i3 Bmictom wmiai 33 1 80 mac.% micnd
Biamany npu 150°C — go 5,3-5,6 I'Tla (E = 147 I'Tla). [loka3aHo, 110 MiIBUIIICHHS
MEXaHIYHUX BJIACTMBOCTEH 3pa3KiB 00YMOBJIEHO KOMIUIEKCHOIO €0 3€PHOTPAHUYHOTO 1
JTUCTIIEPCITHOTO MEXaH13MiB 3MIIIHEHHS. BUsABIIEHO B ~2 pa3u OUIbIIY peakiliiHy 3/1aTHICTb
OararomrapoBux (oJIbTr y MOPIBHAHHI 13 TOPOIIKOBUMHU KoMiiozutamu Al-Cu aHaiorivHoro
CKJIafy, sika Moke csaratu 236,8 JIx/r y Bunaaxy ¢oisr i3 BMictom miai 80 mac.%.
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MetogaMu  PEeHTI€HOCTPYKTYPHOTO  aHalizy, JudepeHiiiiHoi CKaHyBaJbHOI
kamopumetpii  (JICK), smepHoro wmarnitHoro pesonancy (SIMP), pamaniBchkoi
CIEKTPOCKOTI1, CKaHyBaJbHOI eleKTpOoHHOI Mikpockorii (CEM) mocmikeHO CTPYKTYpy
nopoimkoBux kommo3utiB Al-Cu i Al-Cu/C i3 Bmictom wmigi 17, 33 ta 80 mac.% micis
BHCOKOCHEPTE€THYHOTO MEXaHOAKTUBAIIMHOTO OOPOOJICHHS €JIeMEHTapHUX MOpOIKiB Al
ta Cu 6e3 i1 3 m106aBkoro rpadity (5 mac.%) ta ix TepMoMexaHiYHUX 00pPOOOK (Biamallis,
XOJIOMIHOTO TIpeCyBaHHSI Ta TBepaodasHoro cmikaHHs), OararomapoBux ¢donsr Al/Cu
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(mepiomy 60 i 30 uM) i3 BMicToM CuU 33 i 80 mac.%, oTpuMaHUX METOIOM EJIEKTPOHHO-
IPOMEHEBOTO OCAJKEHHS, [0 Ta MICIAS BIANANIB, a TaKOX il B3a€EMO3B’SI30K 13
MEXaHIYHUMH BIACTUBOCTSIMH Ta PEAKI[IHHOIO 3/JaTHICTIO KOMIIO3UTIB.

BcranoBneno oco0iMBOCTI (pa30yTBOPEHHS Y BCIX KOMITO3MTaX IICHS BIIMOBIIHUX
00po0Ook. [Tokazano, 1o nporec pazoyrBopeHHs B cuctemi Al-Cu BiiOyBa€OThCs MIISTXOM
dbopmyBanHs mepecuueHoro Teepaoro poszuuny Al(Cu) i1/abo Cu(Al). YV xommnosutax
eBrekTuHOro ckiany ['IK—OILIK neperBopeHHs BigOyBaeThbes 3a y4yacTi da3u HUKYOI
cumetpii OLIT 6-Al,Cu.

BusiBieno MoXIuBICTH (popMyBaHHS MeTacTaOLIbHOI HeBHopsakoBaHoi Al,Cug
¢a3u micis MEXaHIYHOTO JIETYBaHHSI BIPOJIOBXK 8 TOUH MOpoIkoBux kommno3utiB Al-Cu i
Al-Cu/C Ta BignmaxiB nmpu temmeparypi 150°C GaratomapoBux ¢onbr Al/Cu y mmpokomy
KOHIEHTpALIHHOMY Jiama3oHi. YTOYHEHO 1i CTPYKTypy, a TaKoXX XIMIYHUH CKJIa.
[loxazano MoxuBicTh ii BmopsakyBaHHs mpu Temmeparypi 500°C i1 Buimie y 3paskax
KOMITO3UTIB 13 BMmicToM Miai 80 wmac. %. Bmepiie BHSABIEHO TMO3UTUBHHUIN BIUIMB
MeTacTabinbHOi HeBnopsakoBanoi OLIK-Al,Cug dasu, o hopMyeThes micis BiAMOBIIHUX
00po0OOK y BCIX KOMIIO3UTaX, Ha MIJBUIIEHHS PiBHSA MiKpoTBepaocTi (Moaynto FOura) B
HUX 13 30€peKEHHSAM MPUIHATHOTO KoedillieHTa IIacCTUYHOCTI. BcTaHoBIEHO, 110
HaWOUIBIIMKM PIBEHBb PEAKIIINHOI 3JaTHOCTI CIIOCTEPIraBcs y KOMIIO3UTaX 13 BMICTOM Miji
80 mac.%.

Brnepiiie KOMITJIEKCHO Ta JI€TadbHO JOCHTIKEHO BIUIMB J00aBKu S5 mac.% rpadity Ha
MIKPOCTPYKTYpY Ta (pa3oBUil CKJIaJl MOPOIIKOBUX KOMIIO3UTIB, OTPUMAHUX MEXaHIYHUM
JIETYBaHHSIM Ta TE€pMOMEXaHIYHMMH 00poOkamu. IlokazaHo, mo BBeAeHHs rpadiTy 10
enemeHTapHux nopowkiB Al 1 Cu chopuse iX Kpamomy MNOApIOHEHHIO Ta HACHYEHHIO
nedexkramu B npoueci nomodty. Kpucramiynuii rpadit mija yac moMoiy, NepeTBOPIOIOYHCH
Ha amop(dHMil, 0OBOJIIKAE METaJNEBl YACTUHKH, NEPEIIKO/KA€e IX arjoMepamii Ta
VIOBUIBHIOE peakuiiiHi npouecu. OnepXKaHO HOBI pe3yJbTaTH NPO BILUIUB MoAHPIKaLii
CTpYKTYypHO-(a3zoBoro crany nopomkoBux komno3uTiB Al-Cu i Al-Cu/C micinst X0JI0gHOTO
MpECyBaHHSI Ta CIIKAHHS, a TAKOX MIATBEPJKEHO €(PEKTUBHICTh BBEIECHHS TrpadiTOBOI
no6aBku B TMOpOIKOBI Kommo3uTh Al-CU s TiaBHUIIEHHS PIBHA iX MEXaHIYHUX
BJIACTUBOCTEHN Ta PEaKI[iiHOT 3/JaTHOCTI.

KawuoBi caoBa: apmoBani rpadirom  mopoimkoBi  komnosutd  Al-Cu;
metamomarpuydi  kommno3utu  Al-Cu/C;  BHCOKOEHepreTHMYHe MEXaHOAKTHBAIliHE
oOpoOJIeHHs; MEXaHIUYHE JIETyBaHHS;, TBepAo(da3HEe CIIKaHHS, MOPOIIKOBA METAypris;
OaratomapoBi ¢oneru  Al/CU; eleKTpOHHO-TIPOMEHEBE OCaPKCHHS, MeTacTaOilIbHa
HesnopsiakoBana OLIK-Al,Cug da3a.
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The structure of Al-Cu and Al-Cu/C powder composites with 17, 33 and 80 wt.% of
copper after high-energy ball milling of Al and Cu elemental powders without and with
graphite additives (5 wt.%) and thermomechanical treatments (annealing, cold pressing
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and solid-state sintering) as well as that of multilayered foils Al/Cu of the 60 and 30 nm
period with 33 and 80 wt.% of copper, produced by electron-beam physical vapor
deposition (EBPVD), before and after annealing were studied using X-ray diffraction
analysis, differential scanning calorimetry (DSC), nuclear magnetic resonance (NMR),
Raman spectroscopy, scanning electron microscopy (SEM). The mechanical properties
and reactivity (heat released during exothermic reactions of the composites were
considered.

The peculiarities of phase formation in all synthesized composites after appropriate
treatments were established. It is shown that the phase transformation process in the Al-Cu
system occurs via the formation of a supersaturated solid solution of Al(Cu) or Cu(Al).
Furthermore, fcc—bcc transformation occurs in the eutectic composites with bct-Al,Cu
lower symmetry phase presence.

The possibility of metastable disordered Al,Cuy phase formation after high energy
ball milling during 8 hours of powder composites Al-Cu and AIl-Cu/C, and annealing of
multilayered foils Al/Cu at the temperature of 150 °C is revealed in a wide composition
range. Its structure and chemical composition has been specified. The possibility of its
ordering at 500 °C and above is shown in the composite samples with 80 wt.% of copper.
The positive effect of metastable disordered bcc-Al,Cug phase formation after appropriate
treatments in all composites on the development of composites with a high level of
microhardness (Young's modulus) and an acceptable plasticity coefficient is identified and
confirmed. The highest level of reactivity was determined in the composites with a higher
copper content of 80 wt.%.

The effect of 5 wt.% graphite additives on the microstructure and phase composition
of the powder composites obtained by mechanical alloying and thermomechanical
treatments is comprehensively examined. It is established, that the addition of graphite to
the elementary powders Al and Cu mixtures promotes better grain size decreasing and
defect saturation during the milling process. The crystalline graphite is shown to transform
into an amorphous one during milling, as well as wrapping around the metal particles
preventing their agglomeration and slowing the reaction. Novel results about the effect of
the microstructure and phase composition modification of Al-Cu and AIl-Cu/C powder
composites after cold pressing and sintering are obtained, as well as the efficiency of the
graphite addition to Al-Cu powder composites for the synthesis of bulk material with a
high level of mechanical properties and reactivity is confirmed.

Key words: graphite reinforced AI-Cu powder composites; metal matrix
composites Al-Cu/C; high energy ball milling; mechanical alloying; solid-state sintering;
powder metallurgy; multilayered foils Al/Cu; electron-beam physical vapor deposition;
metastable disordered bcc-Al,Cug phase.



