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BMJIUB NETNNYIOYUX EJNIEMEHTIB HA
ENEKTPOMNPOBIOHICTb TA
MEXAHIYHI BJIACTUBOCTI
HELWWOAOABHO BUTOTOBJIEHUX
CIJABIB HA OCHOBI AL,
OTPUMAHUX TPAOULIUHUM
NMPOLIECOM JIUTTHA

HaHe  OocriidxeHHs1  npucesiyeHe  KOMIIeKCHOMY
BUBYEHHIO 8UPOBHUYMea criiagie Ha OCHO8I arntoMiHilo 3
88E€0EHHSM PI3HUX fle2yroqux eslieMeHmie ma ix ernnugy Ha Uo20
ef1iekmponposiOHicmb ma MexaHidyHi enacmueocmi. BidnueaHHs
4uCmMo_20 asitoMIHIt0 3 PiI3HOK KOHUeHmpaujieto ma KombiHayigmu
neayroqux 0obaeok, makux sk miob (Cu), maezhit (Mg) ma
cpibnio (Ag), 3dilicHroganu 3 euKkopucmaHHsIM 2pagimogozo
muens. Mikpocmpykmypy eidnummsi mMoOubiKysasiu Wrsixom
2aps4oi NPoKamKu 3 HacCMyrnHUMU Pi3HUMU yMOo8aMu mepMidyHOI
0b6pobku, a came gidnasnomMm, HopMmarisauicto, 3azapmyeaHHSIM
ma CMapiHHsM. MexaHiqHi enacmusocmi ma
€e/1eKmporposiOHicmb ~ 8U20MOBIEHUX  JIUCMI8  MePMi4YHO
0b6pobrieHUX crinagige 3a Pi3HUX yMo8 06pobKu nposodunu 3a
doromoeoro  surpobysaHb Ha po3amse, meepdocmi ma
numomoeo esiekmpooropy. BecmaHosneHo, wo npu 36inbuweHHi
eMmicmy rieayroyux esieMeHmie pes3ynbmamu MeXi mekydyocmi
3Hay4Ho nidsuwjunucs, 6inbw Hix Ha 250% ma 500% npokamy
ma 8-200uHHo20 crinagy Al-Cu-Mg 8idnogidHo. 3 iHwozo 60Ky,
enekmponpoegioHicme dewo 3meHwyemscs 3 —14,6 % ma -
16,57% npokamy ma 8 200 0515 moeo camoeo crnasy Al-Cu-
Mg sidnogidHo.

3a ocmaHHi Yyomupu decsmusnimms, yepe3 3b6inbWEHHS
nonumy Ha niHii enekmponepeday, MiOb 3amiHoembcsi Ha Al
yepes ii mary eagy ma 8iOHOCHO HU3bKYy eapmicmb. Kpim moeo,
cepeld iHXEeHEepHUX rPOBIOHUKOBUX Mamepiarnie arnoMiHil mae
OyXe Xopouwly efleKmporpoesiOHiCMb 3a PaxyHOK MEHWOI
numomoi eazu (matike Ha Opyaomy micyi ricrisi midi). Y ecbomy
ceimi 3pocna 3amiHa Midi Ha anMiHil Ons  nepedadi
eflekKmpoeHepeii No  noeimpsiHUX JliHIHSX —efekmpornepedadi
(arnromiHiesi nposiOHUKU, apmosaHi cmarii), cunosi kabesni mowo.
Kpim moeo, 3amiHa Midi arntoMiHIEM makox Mae Micue 8 KpaiHax,
SKi mMaromb 0ocmamHbO pecypcie 3 Midi, OCKIflbKU 80Ha
0eMOHCMpPY€e XOpowy EeKOHOMIYHY repegacy SK Cceplo3Hul
KOHKypeHm wmidi. [1, c. 15]

lMpakmu4yHo, 0odaroqu rneayroydi erieMeHmu 00 4YUCMo20
asloMIHIto, MiIUHICMb aritoMIHiIl0 MOXHa 3Ha4yHo nidsuwumu.
OO0HakK, 3 iHWOo20 60Ky, 8erlUKe 3HUXEHHS e/lIeKmpornposioHocmi
8i0bysaembCcsl 3a paxyHOK amomie PO34UHEHOI pevyosuHU ma
OOMIWOK, YymEOPEHUX 3aMileHHSIM JIe2ylHux efleMeHmis.
JHWuUM npoyecom, sKUU 6rnIuUeae Ha efeKmpornposioOHICMb
arnMiHito, € npouec mepmidHOi 06PObKU, OCKINIbKU erieMeHmu y
gasi meepdoz0 po34YuHy Marmb  binbwul  oOrip,  HiX
Hepo34YUHeHi efileMeHmu. ToMy Oyxe 8aXKO epamu 3 MilUHICMio
Yucmoeo asroMiHito makuM YuHOM, Wob 3HUXeHHs (020
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esiekmpornposioHocmi ece wie 6ys1o NpulHAMHUM i QiticHUM 0ns
8ubpaHO20 3aCMOCYy8aHHsI.

Knrouyoei cnoea: nezysaHHs, mepmidyHa 0bpobka,
KopogitiHa cmilkicmb, MexaHiyHa MiuyHicmb, Oegopmauis,
efiekmpornpoeidHicmb, eakyymHa nid, Oucgpysida, eidnarn,

nepekpucmarnizauis, ducrokauii y kpucmarnidHiti cmpykmypi.

AHaniz ocmaHHix
ny6nikauid. JleryioTb eneMeHTn, Taki Sk Migb,
mMarHin i cpibno, 3abesnedvyioum 4ygoBy
MexaHiyHy poboTy Ta BnacTMBOCTI chnaBy Mpu
GinNbll  BUCOKMX  3HAYEHHSX  TemnepaTypw.
HopatkoBi nepeBary MigHUx [o6aBoK BKMOYAOTh
NigBULLEHHS TBEPOOCTI Ta MILHOCTI antoMiHieBmX
nMBapHMX crnaeiB Npu BCiX PiBHAX TemnepaTypwu
Ta BCiX YyMOBax TepMi4yHOi 0Opobku, Lo
Np13BOAWUTL [0 MOKpalleHHs o6pob6noBaHOCTI
BurotoBneHmnx cnnasiB  [3]. OpgHak, 4K
HeraTMBHUN edekT ANa [o4aBaHHA Migi K
nerylymx  enemMeHTiB, HU3bKa KOPO3iNHa
CTiNKICTb antoMiHieBO-MigHUX cnnaeiB
nigBvWye CNpUUHATAUBICTE OO0 KOpo3il nig
HanNpyroww B AesKkuxX cnnaeax i nNpu NeBHUX
Temneparypax.

IHWIi nerytodi eneMeHTu, Taki K MarHin
(Mg), MalwTb noTeHuian Ansg noKpaLeHHs
XapaKkTepUCTUK TBEpAOCTI antoMiHieEBUX
cnnasiB 3a [OOMNOMOrOK iCTOTHUX MeXaHi3MiB
3MiUHEHHA. TakMm 4YMHOM, 3BapPHOBaHICTb,
CTIMKICTb [0 KOpo3ii Ta BMCOKa MexaHiyHa
MiLUHICTb Jerko [JocsaraetbCa 3a [J0MoMOrow
nobasok Mg.

Bigomo npo egekT BUKOPUCTaHHS cpibna
B antoMiHiEBUX cnnaBax, ane Bce LWe [O0CUTb
Mano HayKoBMX cTaTen y uin ranysi. MexaHiuyHi
BNacTUBOCTI Ta MIKpOCTpyKTypa cnnasiB Al-Mg—
Cu-Ag ayxe 4yTnuBi OO NapameTpiB TEPMiYHOI
00pobku Ta ymoB gedopmalii [4, 5]. BianosigHo,
OCTaHHi JOCTigXeHHS Ta JocrigHuUbKa
OIGNbHICTE  Hamaranuca  3ocepeamTncs Ha
po3po0Li BMCOKOMILHUX artoMiHiEBUX cnnasiB 3
BUCOKMMM BIIACTUBOCTAMM €IIEKTPONPOBIAHOCTI
3a [OMOMOrol HOBMX LINAXiB  00pobkn Ta
BUrOTOBIEHHS [6].

docrlioxeHb i

anwoMiHilo  Ang  MOro  BUKOPUCTAHHA B
LUMPOKOMY AianasoHi 3aCToCcyBaHb.
BuknageHHs OCHOBHOro Mmatepiany.

MokpaleHnx BRacTUBOCTEN MOXHa [OCATTU
faratbMa MeTofamu, TakMMKW SIK  XOrogHa
o0pobka, TepmiyHa obpobka Ta [oAaBaHHS
neryw4ymnx erieMeHTiB 40 antoMiHieBOI MaTpuui.

[JonaBaHHAM neryw4ymx €NneMeHTIB,
BKMIOYa4M OpyropsgHi enemMeHTWU, OCHOBHI
enemMeHTM Ta  MIKPOCTPYKTYPHI  OOMILLKY,

MOXHa KOHTpONntoBaTuU HeobXigHy MiLHICTb Ta
enekTponpoBigHiCTe cnnasy. [Ona NOpiBHSAHHS
UUX PO3MAsHYTUX ChNMasiB 3 iHWUMK cnnasamu
antoMiHieBOi cepii NOMIYEHO, WO BOHW MalTb
OYyXe HU3bKY MILHICTb, SIKy BYEHi HamaratoTbCs
nokpawmntn. OCHOBHUMM BRACTUBOCTAMM, SKi
BpaxoBylOTbCA npwu BMBOPI UMX cnnaeiB Ans
KOHCTPYKUIMHOrO 3aCToCyBaHHs, € iX OinbLui
MEXaHiYHi BracTMBOCTI Ta €NeKTPOnpOBiOHICTb.
Mpn HanucaHHi pgaHuMx Te3 OByno B3ATO
pesynbTatn gocnigpkeHb XaHi C. Abgo, Acicdyna
X. Cenxa, xabaipa Ani Moxammena i Maxvyna
C. ConimaHa B cthepi BurotosrneHux cnnasie 3 Al
[7].

3a OCHOBY B34TO eKCrnepuMeHTarnbHy
poboTy npoBegeHy Ha ymuctomy Al i YOTMPbLOX
pisHux cnnaeax Al (tabn 1), BWUroTOBMEHI
MEeTOAOM MPSMOro  KOKIfIbHOro nuTTa B
naboparTopii, wWob BMGpaTN 3 HUX HaMKpaLLui
BapiaHT. KomepuiiHO goCTynHi antomiHin, migb,
cpibno Ta MarHin 3BaxyBanu, gogasanu o
yucTtoro nopowky Al, a noTtim HarpiBanu B
rpadpitoBomy Turni npm 730 °C npotarom 3 rog
pootpumMatu noTtpibHun cnnae Al XimiuHWun
cknag cnnaeiB Al (Mac.%) HaBegeHo B Tabn 1.
Micna  HarpiBaHHs  po3nnaBfieHun  MeTan
3anuBaloTb y nonepeaHbo HarpiTi dopmu, Lwob
oTpumaTu TBepaun 3pasok 5x10 cm?. Bignwuri

Meta Ta 3aBgaHHA LOCRIOXEHHS. ! - 2! !
MeTolo paHoi poBoTM € OBFpyHTyBaHHS, 3pasku NOTIM FOMOTEHi3yBanun y BaKyyMHin nedvi
po3pobka i peanisauis MeToAis noninweHHs gk~ 1PA 540 C npoTArom 24 roa.
MeXaHi4YHUX, TaK i eneKkTpUYHUX BNacTUBOCTEN

Alloy Al Cu Mg Ag
1 100 - - -
2 Bal 2wt % - -
3 Bal 2wt% - 0.5wt%
4 Bal 2wt % 05wt % -
5 Bal 2wt% 05wt % 05wtb%

Ta6nuua 1. Yuctun Al i YoTMpM pisHUX antOMiHiEBUX cnnaBu.
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[Onsa BMBYEHHS NOBeAdiHKM chnnaBiB i
CMpUSIHHSA neryo4mm eriemMeHTam, AKi
BidJOKpeMnoBanucs Big4 antoMiHilo nig 4ac
OXONOAXEHHSA Big, antomiHito,
BMKOPUCTOBYBANUCA pPi3Hi TepMivyHi 06pobku,
hasu nnaereHHs nig Yyac NUTTa Ans OTPUMaHHS
AndpysinHoi  Ta ogHopigHoi  TBepgol  Andysil
nerydnx enemMeHTiB.

Opyrum eTanom nicng TepMivyHOi 06pobkm
€ Bignan, npuv fkoMy Moxe cTatuca edyekT
nepekpucranisauii  Ta  3HATTA  BHYTPILIHIX
HanpyxeHb. OTpuMMaHi  BNacTUBOCTI  chnasy
BM3Ha4alTbCs noro  XiMiYHMM  cKnagom,
TOBLLMHOIO nonepeyHoro nepepisy Ta
3aCTOCOBAHOIO LUBUAKICTIO OXOMOAXEHHS.

3 3akoHy Oma R VI, pe V —

Hanpyra, npvknageHa Ao 3paska, | — cTpym,
wo npoxoautb B A, onip 3paska MNOTOKY
enekTpuyHoro ctpymy (R) moxHa obuncnutu B
Omax (Owm). ObepHEeHMM MUTOMMM OMOPOM €
€neKTponpoBigHiCTb (0), SKa BM3HAYAETLCH SK
o = 1/p. Y ToM 4yac sk nutomun onip (p B Om)
MOXHa oTpUMaTy 3a JONOMOrOK PiBHAHHS:
p = (RxA)/L, oe R — onip 3paska npoTu NOTOKY
enekTpoeHeprii, A nrowa nonepevyHoro
nepepisy 3paska B M?, a L — goBxuHa 3paska
B MeTpax.

MpokaTaHi

Ta TepMoobpobneHi
KBagpaTHi  3paskMm nepeg  BUMIPHOBaAHHAM
€MeKTPonpoBIAHOCTI HeobxigHO A3epkanbHO
nonipyeatu. [lpoBigHiCTb BMMIpHOETLCA 3a
gonomMoroto  4-TOYKOBOro pJaTtyumka, SKUn €
KOMGiHOBaHUM  UMGPOBUM  BOMbTMETP i
okepenomMm  nocTinHoro  ctpymy.  KomGiHauisi
YOTUPBOXTOYKOBOIO Jatyunka 3gaTHa
3abe3neunTn AXXepeno MnocTiHOroO CTpyMy Ansi
BMMIpIOBaHHA NMMTOMOro ornopy abo onopy nucra
Ta pe3ynbTyKYO0i Hanpyru.

[MomiveHo, Wo HanBInbLi MeXi TEKYYOCTI
Ta MeXi MILHOCTI Ha po3puB MalTb 3pas3ku B
CTaHi nuTTa (NpokaTy), MOTiM 3paskv, 3MiLHEHi
BikOM, 3arapToBaHi 3pasku, HOPMOBaHi i Ha
OCTaHHbLOMY MicLi, BignaneHi 3pasku. HassHicTb
OVCnoKaLin y KpuUCTaniyHin CTPYKTYypi BHacnigok
npoLecy rapsdoi nNpokaTky B NUTIA (NpoKaTHiNn)
CTPYKTYpi [O03BONsE€ i OTpMMaTtu HamBuLLy
MILHICTb | TBEpAICTb cepen YCixX 3paskiB, 3aBOsKN
eeKTy KPUXKOCTi, OTPUMaHOMY MpPU YTBOPEHHI
aucrnokauin B aniomiHiesBomy crnasi. 3miHa
pO3Mipy 3epHa nicng npowecy TepMiYHOi 06pobKu
ONA  pewTn 3pas3kiB € OCHOBHOK MPUYMHO
CMOCTEPEXYBAHOI TeHAEHLUIT HM3bKOI MiLHOCTI Ta
TBepAocTi. [loapiOHeHHs 3epHa Ta TBepaumn
PO34YMH MOXYTb CYTTEBO CMPUSTU 3MiLHEHHIO

antoMiHiEBO-MarHieBoro cnnasey, TakoX
BUABNEHO, WO BENWKi 3EepHUCTI MaTepianu
MalTb MeHLWi MexXi 3epeH, | HaBnaku;

OpibHO3epHUCTI MaTepianu MakTb Habarato
Oinblle Mex 3epeH, TOMy BOHWM MilHiWi Ta
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TBEpaili, HbX Benuki 3epHUCTi maTepianu [8].
[HWIOK NPUYMHOI BULLMX 3HAYEHb TBEPAOCTI
Ta B'SAI3KOCTi 3paskis, 3arapToBaHuX,
HopMani3oBaHuX i BignaneHux 3paskiB, € pyx
avcrnokadii nig yac gedgopmaldii, OCKiNbKU BOHK
MatoTb Binblue mex 3epeH [8].

BucHoBku. YoTupwm Pi3Hi MapKu
antoMmiHieBMx cnnaeiB Oynu BUrOTOBIIEHI LUMAXOM
3MiHM ckrnagy neryioudmx ernemexTis, a came: Cu,
Ag i Mg. Bignuti cnnaBu notiMm nigaasanu
rapsi4oMy npokaTty 3 HacTyrMHOW TepMooOpobkoro
B Pi3HMX yMOBax, Takux siK Bignan, Hopmanisadisi,
3arapTyBaHHS Ta 3MiUHEHHSI CTapiHHS B Pi3HUX
yacoBMx nosicax. BctaHoBMeHO, WO MiUHICTb i
TBEpPAICTb 3paskiB y NUTOMY CTaHi (nNpokaTy) €
BULLUMK, 332 HUMU CrigyloTb 3pasku, 3arapToBaHi
3a BIiKOM, 3a BMHATKOM 3arapTOBaHOro 3paska,
AKWA NokasaB 3HayHe 36inblUeHHS 3HAYEeHHS
TBepaocTi. Lle ctaH y nutux (npokataHunx) 3paskax
obymoBneHui HasIBHICTIO AMCnoKaLinHNX
pedbekTiB y KpUCTanivHin CTPYKTYpi antoMiHiEBUX
chnnasiB, WO 3yMOBIOE KPUXKICTb 3paskiB. 3
iHWoro 60Ky, HasBHICTb BinbLINX Mex 3epeH abo
3POCTaHHA 3epeH nicna TepMiyHOi obpobkm €
NPUYMHOKD HM3bKOI MILHOCTI Ta TBEPAOCTi B
TepMiyHO o6pobreHux 3paskax. o6 ysaranbHuTH
BMMVMB [JO4aBaHHA Nerylymx enemMeHTiB  Ha
MEXaHiYHi BracTMBOCTI Ta €reKTpOrnpoBigHICTb 3a
KOHKPETHMMU 3HayeHHAMK, Byno BuUSIBNEHO, WO
npu 36iMNblUEHHI BMICTY §eryl4mx enemMeHTiB
pesynbTatm MexXi TEKYYOCTi 3HAYHO NiABMLLUINCS
Binbw Hixx Ha 250% i 500% ans npokaty i cnnasu
Al-Cu-Mg, ButpumaHi 8 roguH, BignosigHo. Y Toun
Yac §K €eneKTPOMnpOBIAHICTb OEL0 3MEHLIYETbCS
Ha 14,6% i 16,57% pns Toro x cnnasy Al-Cu-Mg,
BUTPMMAHOro B Npokarti Ta 8 rog, signosigHo [9].

BusiBunocs, wo aona toro camoro cnnaey
€NeKTPONpPOBIAHICTL 3arapToBaHOro 3paska Oyna
OinbLolo, HiXK y iHWWX obpobok. [ligBuieHa
€rNeKTPOoNpOoBIAHICTL Y 3aTBEPAINUX 3paskax Moxe
OyTM noe’dA3aHa 3i 3MiHaMuM Temnepatypu Ta
aucoudiaujeto 3epeH. B pesynbTaTi 3arapToBaHi
BIKOM 3paskym AEMOHCTPYHTb Oinblly MILHICTb i
NPOBIAHICTb. Ona JOCATHEHHS BUCOKNX
B1IaCTUBOCTEN €neKTponpoBIgHOCTI 3
BUKOPUCTAHHAM iHHOBALiMHMX TEXHOMOri 06po0Ku
Ta perynioBaHHA MiKPOCTPYKTYPHUX [OOMILLIOK Y
cnnasi HeoOXxigHi AgogaTkoBi OOCHIMXKEeHHs B Lin
obnacri.
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ALLOYING ELEMENTS EFFECTS ON
ELECTRICAL CONDUCTIVITY AND
MECHANICAL PROPERTIES OF NEWLY
FABRICATED AL BASED ALLOYS
PRODUCED BY CONVENTIONAL CASTING
PROCESS

The present investigation deals with a
comprehensive study on the production of
aluminum based alloys with the incorporation of
different alloying elements and their effect on its
electrical conductivity and mechanical
properties. Casting of pure aluminum with
different concentration and combinations of
alloying additives such as cupper (Cu),
magnesium (Mg) and silver (Ag) were carried
out using a graphite crucible. The as-cast
microstructure was modified by hot rolling
followed by different heat-treated conditions viz.,
annealing, normalizing, quenching, and age
hardening. The mechanical properties and
electrical conductivity of the produced heat-
treated alloys sheets under various processing
conditions were carried out using tensile testing,
hardness, and electrical resistivity
measurements. It was found that by increasing
the alloying elements content, yield strength
results increased significantly by more than
250% and 500% for the as rolled and 8 h aged
Al-Cu-Mg alloy, respectively. On the other hand,
the electrical conductivity reduces slightly with
-14.6% and -16.57% for the as rolled and 8 h
aged of the same Al-Cu-Mg alloy, respectively.
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From the last four decades, due to the significantly improved. However, on the other
increase in demand from the electricity hand a great reduction in the electrical
transmission lines, copper is being replaced by conductivity takes place due to the solute atoms
Al because of its light weight and relatively low and impurities generated by substitution of
cost. In addition, among the engineering alloying elements. Another process affecting the
conductor materials, aluminum has a very good electrical conductivity of aluminum is the heat
electrical conductivity due to lower specific treatment process, since elements in the solid
gravity (almost in the second rank after copper). solution phase represent a higher resistance
The replacing of copper by aluminum for than non-dissolved elements. That is why it is a
electricity transmission by overhead ACSR great challenge to play with the strength of the
(aluminum conductor steel-reinforced) pure aluminum in such a way that the decrease
conductors, power cables, etc. has increased all in its electrical conductivity will be still
over the world. Moreover, substitution of copper acceptable and valid for the selected
by aluminum also takes place in countries which  application.

have enough resources from copper, since it Keywords: alloying, heat treatment,
shows a good economical advantage as serious corrosion resistance, mechanical strength,
competitor against copper. deformation, electrical conductivity, vacuum

Practically, by adding alloying elements furnace, diffusion, annealing, recrystallization,
to pure aluminum, aluminum’s strength can be dislocations in the crystal structure.
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