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EnekrponpoBigHicTh po3miaasiB Sn—Ag—Cu 3
HAHOPO3MIPDHUMU KepaMiYHUMU JOMIITKaAMU
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ExkcrnepuMeHTa bHO JTOCTLIKEHO BIJINB HAHOPO3MIPHUX KEPAMITHUX JTOMIMIOK HA
€JIEKTPOITPOBIIHICTD CIIaBy Ha OCHOBI Sn—Ag—Cu y MMIpoOKOMY TeMIepaTypHOMY
iHTepBaJIi TBEP/IOTO i piAKOTO cTaHiB. Pe3ymbraTu J0CTiI7KEeHb BUSBUIIN, IO €JIe-
KTPOIIPOBITHICTD € Jy3Ke 9yTIUBOIO HABITH JO HEBEJIUKOI KiJTbKOCTI JOMIITKOBUX
esileMeHTiB. BecranosiieHo, 1m0 nogaBanis kepamiuanx HanodacTuHok Si0o, TiOs,
ZrQOs ra Aly O3 3uuKkye abcosiorHi 3HadeHHs eneKkTponposignocti. Ekciiepumen-
TaJIbHI KPUBI 3a/IE2KHOCTI €JIEKTPONPOBIAHOCTI Bl TeMTIepaTypu ampoKCHMOBA-
HO TIOJIIHOMOM JIPYTOTO CTyTeHs. Pe3yabTaru MosSCcHEeHO 3POCTAHHAM KiTBKOCTI
KpuCTAJigHuX JedeKTiB, Kl € MeHTPAMU PO3CIIOBAHHS €JIEKTPOHIB IPOBIIHOCTI
B MeTaJjiax, i 3yMOBJIOIOTH 3HUKEHHS €JIEKTPOITPOBIIHOCTI TIPH JIOJABAHHI HAHO-
PO3MipHUX KepaMidHUX JOMIIIOK.

Kuarouosi cioBa: Sn—Ag—Cu, e1eKTponpoBiaHicTh, 6e3CBUHIIEB] PUTIOL, Kepar-
MiYHi HAHOYACTUHKH, PO3ILJIABHA, BUCOKI TEMIIEPATYPH.

1. Bceryno

CnutaBu Ha OCHOBI Sn, 30kpema, norpiiiuoi cucremu Sn—Ag—Cu (SAC), BuKOpucTOBY-
I0Th 9K OE3CBUHIEBI TPUTIOL B €JIEKTPOHHI MPOMHUCIOBOCTL, 8 TOMY € MPEIMETOM iHTEH-
CUBHUX J0CTIIzKeHb. OIHAM 13 TepCHeKTHBHUX IIJISIXiB MOKPAIIEHHS BIACTUBOCTEH TAKIX
[IPUIIOIB € CUHTE3 HAHOKOMIIO3UTHUX MaTepiasiB, y AKUX HAHOPO3MipHI YaCTUHKHU, BBEIEH]
B 6a30Bwuii 00’emMuuMiT Marepias (MATPULIO), JAIOTH 3MOI'Y KEPYBATH BJIACTUBOCTSMHU B NIK-
pokroMy miana3oni Bpizuko-xiMidHEX mapameTpiB. ToMy BUBUYEHHS BILINBY HAHOPO3MiDHUX
4acTUHOK (MerasiB B 00’e€MHUX 1 HaHOPO3MipHUX dopMax, Kepamidnux abo KapOOHOBUX
HaHOTPYOOK) Ha bizuuni Ta Mexaniuni BaacTuBocTi 6A30BMX METAJIEBUX CIUIABIB CTAJIO
ocobsuBo akryanbuuM [1,2]. Tengenuis 10 3MeHnIeHHd PO3MIPIB caiB y MIKPOEJIEKTPO-
Hili HiJBUIIYE BUMOI'M /IO HAJIHTHOCTI IIPUIIOIB, SKOI MOXKHA, JIOCAI'HYTH Y HOBUX HAHOKOM-
MO3UTHUX MaTepiajiax BHECEHHSIM KEPAMidHWX HAHOYACTWHOK. OQmHi€0 3 HANOLIBIN mo-
IMIAPEHNX TIPOIEIYD TMOKPAIEHHS MEXaHITHUX BJIACTUBOCTEN METAJIiB 1 MeTaJIeBUX CIIJIa-
BiB € nozaBants 10 6a30BUX (MATPUYHKUX) CILIABIB HAHOYACTUHOK OKcuIiB. Hanpukian,
Hanopo3Mmipsi gomimku y-FeaOg i ZnO 3MinHIOI0TE MIKPOCTPYKTYPY HAHOKOMIO3UTHUX
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ciiasiB cucremu Sn—-Ag—Cu [3,4], 3mouyBaHnicTh HOKpallyBaiacs 3 J0JaBAHHAM HAHO-
~v-Feo O3 ta nokpurux Ni rpadenoBux Hanomiacruok [5], a minmicTs nokpariryBajiacs
3 pojasanuaM HaHo y-Feo O3 1 nano ZnO [3,4]. ¥V upaui [6] nokasano, 110 HaHOPO3MipHi
npomimku Al migsungyors omip g0 moB3ydvocti criaris Sn—Ag—Cu. Asropavn [7] mocai-
JIZKEHO BILJIMB HE3HAYHUX JOMIMIOK Kepamiunnx HanodacTuHok (SiOs, TiOg, ZrOs) Ha mi-
KPOCTPYKTYpy Ta MexaHiuHi BracruBocti masuux 3’exuanb Cu/Sngs s6Aga 14Cus 2940,5
mac.% HY/Cu ra Cu/Sngs 56A84,14Cuy 29+1,0 mac. % HY/Cu. Ilokazano, mo B Tako-
MY BUIIQJIKY IXHS MiKPOCTPYKTYpPa MOKPAILYETbCH, OCKIJIbKK CIIOBLIBHIOETHCH 3POCTAHHS
MiKIIOBEPXHEBOTO iHTepMeTaniunoro mapy. Kpim Toro, nesenuki (10 1 mac. %) gomimku
kepamiuaux nHanodactuHok (AlyOgz, SiOg, TiOs, ZrOs, SnOs) miaBUILYIOTH MiKPOTBED-
JIiCTb 1 MIITHICTD Wi Yac PO3TATYBAHHS MPUIIOIO, & TAKOXK MIIHICTH HA 3CYB MAsSHOTO TIBA.
Ie nos’si3aH0 31 3MeHIIeHHAM MIBUAKOCTI pocry inTepmeraniunux cronyk (IMC) ra 3men-
mennsiM po3mipy 3epuaa IMC B 06’eMi, a TAKOXK 3MEHIIEHHSAM CEPEIHBOIO PO3MIPY HIapy
IMC na mexi upuuiii/uigknaaka. OgHak Jeski JOC/HKeHHs HOKA3a/IM, 110 HOAAJIbLIE
3POCTaHHS KITBKOCTI KepaMivHUX HAHOYACTUHOK y Marpuii mpumnoio (mouas 1 mac. %)
MPU3BOAUTD 0 3MEHIIIEHHS TTO3UTUIHUX epeKTiB y mpumosx. [Ipumyckasmocs, mo Big0yBa-
€ThCs aroMepallisa HAHOYACTUHOK 1 3MEeHIIeHHs IXHbOI TOBEPXHEBOI eHeprii Sk B MAaTPHIT
UpUnoio, Tak i B inrepdeiicnomy mapi npumniit/uigkaanka. Ha Biaminy Bin quciennux reo-
PETHYHHX TA EKCIIEPUMEHTAIbHUX JIOCII/PKEHb MEXaHIYHUX XaPAKTEPUCTUK, CTPYKTYPHO-
qyTauBi TemnodizndHi Ta eeKTpodi3nYHI BIACTUBOCTI €BTEKTUYHUX CILIABIB HA OCHOBI
Sn BuBueni HemocTaTHhO. TOMY OTpHMAaHHS JAHUX PO TOBEMIHKY €JIeKTPONpPOBIIHOCTI
criaBiB morpiitHoi cucremu Sn—Ag-Cu B MIMPOKOMY IHTEpBaJI TeMIeparyp, JOCiIxKe-
HHS$ BIINBY HEMETAJIEBUX HAHOYACTWHOK HA MOBE/IIHKY CTPYKTYPHO-IYTJIMBUX TeIiodi-
3UYHUX BJIACTUBOCTEH IUX CILIABIB € OCOOJIMBO aKTyaJbHUMH $K 3 MOIJIsALy QyHIaMeH-
TaJIBHOI HAYKW, TAK 1 [IJIsT MPAKTUYHUX 3aCTOCYBAHb, OCKIJIBKY CIPUATHMYTH OTPUMAHHIO
HOBUX (DYHKIIOHAJHHUX MATEPIasIiB IMIJISXOM CHHTE3y HAHOKOMIIO3WTHUX MaTepiaJiB, y
SIKUX HAHOPO3MIpHI YaCTUHKY, BBe/IEH] B 6a30Buii 06’eMHMii MaTepias (MATPUIIO), JAI0Th
MOKJIMBICTh KEPYBATHU OO0 BAACTUBOCTSAMH Y ITHPOKOMY Tiama30Hi (Pi3uKO-XIMIiTHAX Ta
MeXaHIYHUX [TapaMeTpPiB.

2. ExcnepuMeHTaJ bHA YaCTHUHA

3pasku Burorosssiu 3 yucrux komnonenris Ag, Cu ta Sn (CHEMPUR, Feinchemi-
kalien und Forschungsbedarf GmbH, 99,999 %), napaskennx 3 TounicTio 10 10~*r Mero-
JIOM iHIYKINHHOI MIaBKK B JAYTOBi# medi B 3aXWCHIii armMocdepi BUCOKOYUCTOrO aproHy,
JOJATKOBO OYHUIIEHI MPETIaBIIOBAHHAM TUTAHOBOTO TeTePa, BUKOPUCTOBYIOUN HEBUTPA-
THUT BOMBPPAMOBHil e1eKTPoa. [OMOreHicTh CILTaBiB J0CATAIACS JEKITHbKAPA30BUM IIe-
PEILIABIIOBAHHAM, & XiMIYHHI CKJIaJ, BU3HAYAIN METOIOM X-IIPOMEHEBOrO aHami3y ¢as.
HocmimkyBanu gk 06’eMHI 3pa3Ku, TaK 1 y BUIVIAIL CTPIYOK, BUTOTOBJIEHI METOIOM IIIBHU/I-
KOTO 3arapTyBanHs. BmicT momimok y 3paskax cranosus 0,5 mac. %. Bumipiosanns eme-
KTPOMPOBITHOCTI MPOBOJIMIIHA 33 JOTOMOTOI0 YOTHPUTOYKOBOIO METOY Tl Yac Harpisa-
HHsI Ta OXOJIO/KEHHS B iHTepBasi Bia KiMHATHOI Temmeparypu a0 npubauzuo 650 K.
Meroauka JoCiiazKeH s €JIeKTPONPOBLIHOCTL Ta, JeTali eKciepuMenTy onucaso B [8,9].
IToxubka BU3HAYEHHS €JIEKTPOIPOBIIHOCTI He nepesumryBana 2 %.



1O. lMnesayyk, O. Tkay, M. [ycpareys, B. lNoBepxyk
44 ISSN 1024-588X. Bicnuk Jlbeiscbkoro yHisepcuterty. Cepis isuuna. 2022. Bun. 59

3. Pesyabrarm Ta 06TOBOpEHHS

BamexkuicTs enexTponposigaocti Bin Temmeparypu o (1) cunaBy Sngs 56A84,14CU1 29
3 KepaMidYHUMU JOMIIIKAMKU BUMIDIOBAJIM B PEXKMUMAX HAIPIBAHHS U OXOJIO/KEHHS IPO-
TATOM JIEKiJTHLKOX ITUKJIIB 3 PI3HOIO MBUAKICTIO. BecTanoBIeHO, IO MBUAKICTH HATPiBAHHS
7 OXOJIOIZKEHHS MMOMITHO He BIJIMBAJIA HA TOBEIIHKY ejeKTporposigHocTi. Temmeparyp-
HA 3aJIEKHICTH €JIEKTPOIMPOBIIHOCTI AOCIKEHOro 6a30BOro CILIABY IPEIACTABICHO HA
puc. 1. EfeKTpompoBiiHiCTh BCiX CILIABIB B TBEPIOMY CTaHi MOCTYIIOBO 3MEHIITYETHCS i,
4ac HarpiBaHHH.

® Sng4Ag, ,CU, 5 - HArPIBAHHA
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Puc. 1: BayiexXHiCTh €JeKTPOITPOBITHOCTI BiJl TEMIepaTypu CIiaBy Snga s6Ags,14Cu1,29

dx Bumpo 3 puc. 1, B iHTepBasi TeMmeparyp MiXK KiMHATHOIO 1R Ta IJIaBJIEHHS
T, KpuBi HArpiBaHHSA T OXOJIOIKEHHH CILIABY SNgg 56A84,14CU1 29 63 HOMilIOK MaOTH
OHAKOBUH HAXWJI i MPAKTUIHO 30irafoThCsa. ¥ ALTAHIN ILIABICHHI-KPUCTAII3AIIT CIIoCcTe-
piraerncs ricrepesnc kpusnx o(T). TicTepesnc Mizk KPUBUMN HATDIBAHHST Ta OXOJIOIKeE-
HHS BiZoOpaskae CTymiHb TEPMOJUHAMITHOI PIBHOBArU MiXK PiIKOI0 Ta TBEPIOI da3aMu,
IO MAaIOTh OJIHAKOBI XiMiuHi moTeHIiajgn. PiBHOBaXKHUI mpoIec KpucTasi3aii MOXKJIN-
BUIl JIUIIIE TOJi, KOJIA IIBHJIKICTH OXOJOKEHHs npsaMmye 10 Hyns. OCKiTbKH peanbHuii
[IPOIEC KPUCTAJII3AIli]l € HEPIBHOBAXKHUM, TO TBEP/IUIl PO3YHUH, IO YTBOPIOETHCs, € HEO-
JHODiHKUM 3a cKJaoM. K nokazano B pobori [10], upouecu niasnenns i kpucrasizauil
MEeTaJIEBUX CIIJIaBiB He 3aBXK/IW € 3BOPOTHUMHU, OCKITBLKY TIJIABJIEHHS OJJTHOKOMTIOHEHTHHUX
CILJIaBiB Ta 06AraTOKOMIIOHEHTHUX BiIOyBa€ThCs mo-pizHomy. IlgaBjenns: mepimmx Cympo-
BOPKYETHCSA MOPYIIEHHAM CTaOLILHOCTI KPUCTATIYHOI I'PATKH, & IPYTUX — HOJIATAE B PO3-
YUHEHH] TYromaaBKuX (a3 y PijuHi, 10 yTBOPIOEThCA. ToMy, Ha BiAMiHY Bi piBHOBaXKHOL
KpUCTaJi3aliil, 3a KOl IIPOLECH MOXKYTb PO3LJVIAIATUCH K 3BOPOTHI JIKIIE TOJI1, KOJIA BO-
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HU BiZOyBarOThCA B PiBHOBa3i, HEBPIBHOBAXKHA KPHUCTAJII3aIlisi HEMUHYYE MPU3BOSUTH 10
BiIXWJIEHHS BiJ PIBHOBAI'H, 1110, CBOEIO Y€ProO0, TPU3BOAUTH JI0 3POCTAHHS TEMIEPATYPHU
maBaeHHs. TaKuM YuHOM, ITOSABA TYTOILTABKUX (DPAKIIiil, & TAKOXK rpaBiTariiina JikBalris
MpU3BOAATH 0 MEPErPiBy CIIABY BUIIE Bif JKBiIycy. 3ajeXHICTh €JIeKTPOTPOBITHOCTI
Big remneparypu o(T) MOXKHA NPEICTABUTH DIBHIHHSIM:

o(T) = or + as(T — Tr) + bs(T — Tr)?, (1)

Jle 0R — eJIEKTPOITPOBIIHICTH 38 KIMHATHOI TEMTIEpATypu. JHAYEHHS KOEMIIIEHTIB ag,
bs NIt KpUBUX OXOJIOMKEHHS TPEICTABICHO B Tabi1. 1.

Ta6n. 1: Koediniearn nmosinomis pisasana (1) B inrepsami Tr—Tm

Ximiunmit ckaam, at.% o, O™ e ! [ ag, O tem™ DK™ | bg, O~ ! com™t K2
Sng4,56Ag4,14Cu1,29 83399 —273 0,3731
Sng4756Ag4,14Cu1729+Ti02 91098 -418 0,5972
Sng4,56Ag4714Cu1,29+SiOQ 85092 -369 0,6158
Sng4756Ag4,14CU1729+ZI‘02 81347 -335 0,6772
SH94756Ag4’14CU1’29+A1203 75067 —253 0,3603

Y pasi gogaBaHHs HAHOPO3MIDHMX KepaMiduux jomimok (puc. 2-5) coocre-
piraerbcst 30LBITEHHS PO3XOMKEHHsT MiXK KPHUBUMH HArpiBaHHS Ta OXOJIOMKEH-
Hd. Kle TOro, B CIlJIaBaX Sn94,56Ag4714Cu1,29+SiOQ, Sn94’56Ag4,14Cu1’29+Ti02,
Snga 56A84,14Cuy 29+7ZrOg crocrepiraeThest pi3HUIA HAXMUI KPUBUX HATPiBaHHS Ta OXO-
JIOJTZKEHHSI.

IIpu mocarnenni TeMmepaTypu maaBaeHHs T, KOXKHOTO 3pa3Ka CIIOCTEPITAETHCA Pi3Ke
3HUZKEHHS eJeKTPOMPOBLIHOCTI, sIKe CBIAYNTH MPO MOYATOK IIJTABIeHHS. ¥ PIAKOMY CTaHi
€JIEKTPOIIPOBLIHICTD 3HUKYETbCA 3 HifBuileHHaM Temueparypu, a kpusi o(T) onucyro-
THCS BUPA30M:

o(T) = o + am(T — Ti) + by (T — Tin)?, (2)

e Oy, — €MeKTPOIPOBiIHICTh 3a KiMHATHOI Temmeparypu 1,,. leaxumit po3kum To-
4ok Ha Kpusux o(T) posunasis € nomirnimum, Hizk y TBEpAOMY CTaHi, 110 IOACHIOETHC
TTOCTYTTOBUMHU CTPYKTYPHUMH TEPETBOPEHHAMU B TEBHOMY TEMIIEPATYPHOMY JIiama30Hi.
Koedinientu Bupasy (2) am,, by, m0maH0 B TabII. 2.

Tabur. 2: Koedinienru nominomis pisusaus (2) B inrepsasi Tp,— 650 K

Ximiunnii cknazn, at.% Om, O~ 1 em™ [ @y, O~ tem™ LK1 | by, O~ ! cem™! K2
SH94756Ag4714CU1729 21610 *9,8605 *0,0174
SH94’56Ag4’14CU1’29+T102 21865 -9,2451 -0,0203
SH94,56Ag4714CU1,29+Si02 23034 *8,156 0,6843
Snos.56Ag4 14011 20+ ZrO5 19129 ~6,3533 ~0,0371
Sn94756Ag4,14Cu1729+A1203 16806 *11,6745 0,0432
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Puc. 2: 3anexnicrsb esexkrpouposigHocti Bijg Temueparypu ciiaBy Sngg seAga 14Cui 29 3 Hano-
po3mipauMu gomimkamu ZrQOs
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Puc. 3: 3ajexkHICTh eJIEKTPOIPOBIAHOCTI Bi/l TEMIIEPATYPH CIIaBY Sngs 56Aga,14Cu1 29 3 HAHO-
po3mipaumu gominkamu TiOg

Ax BuaHO 3 puc. 6, TomABAHHSI KEPAMiTHUX JOMIIIOK TPUBOIUTE A0 3MEHIITEHHS eJTe-

KTPOIIPOBIIHOCTI 9K y TBEPJAOMY, TaK i B PiJIKOMY CTaHAX, 110 MOYKHA MOSCHUTHU HASABHICTIO
JI0JIATKOBUX LIEHTPIB PO3CISHHS €JIEKTPOHIB.
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Puc. 4: 3anexxHICTh €JIEKTPOIPOBIAHOCTI Bi/l TeMIIEPATyPH CIIaBy Sngs 56Ag4,14Cui 29 3 HaHO-
po3mipaumu gominikamu SiOg
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Puc. 5: 3ajexkHICTh eJIEKTPOIPOBIAHOCTI Bi/l TEMIIEPATyPH CIIaBy Sngs s6Aga,14Cui 29 3 HaHO-
po3mipaumu gomimkamu AlaOs
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Puc. 6: 3anexxHICTh €/IEKTPOIPOBIAHOCTI Bifl TeMIepaTypu cuaaBy Shga s6Aga,14Cui 29 3 HaHO-
po3mipanvu gomimkamu AlaOs, SiO2, TiO2, ZrO2

3a pe3yibraraMu €JIeKTPOIPOBIIHOCTI BU3HAYEHO TeMIIEPATYpU IaBieHHs 1), i Kpu-
cramizarii T mocmimkennx cnjasiB. TemmepaTypn naBieHHs i KpucTasi3ariii, BU3Hade-
Hi 3a meperuHamu kpusux o(T) Ha puc. 2-5, naBeneni B Tabn. 3. IlopiBHAHHS HAIIHX
€KCMIEPUMEHTATBHAX 3HaYeHb TEMIIEPATYDP TJIABJIEHHS 3 MOMEPETHIMU TEOPETUIHUMU Ta
eKCIIePUMEHTAIBHUMHE JOC/I/IZKeHHsT CIIaBiB Ha 6a3i morpiitaol cucremu Sn-Ag-Cu, npu-
CBSYEHUX TEPMOIUHAMITHAM PO3paxyHKaM 30aradeHol 0JJOBOM TinsgHKE (Ha30Boi miarpa-
mu [11], maso mizcraBm 3pobUTH BHCHOBOK, 10 HeBeiwki (mo 1 mac. %) HaHopo3mipHi
KepaMidHi JOMIMIKY CyTTEBO HE BIIMBAIOTH HA TEMIIEPATYPY IJIABIEHHS DA30BOTO CILIABY
Sngs 56A84,14Cuq 29.

Ta6n. 3: Koediniearn mosinomis pisagaas (2) B intepsama T~ 650 K

Ximiunmit ckmaz, at.% T,,, K| Ty, K
Sngy 56A84,14Cuy 29 491,3 | 485,2
Sn94756Ag4)14Cu1729+T102 491,4 486,4
Sng4756Ag4714Cu1729+SiOQ 491,2 484.,6
Sn94756Ag4’14Cu1729+Zr02 491,7 485,3
SH94756Ag4714C111729+A1203 491,8 485,4

3rinno 3 [12], o6’emua uacrka, dpopma, po3Mip, a TAKOK TUIl JOMIIIOK Ta MATPUIL
MaOTh BILIUB HA €JIEKTPUIHUN OIip KOMIIO3UTHOrO Marepiasy. OckigbKku Kpucraaidsi je-
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deKTH € meHTpaMu PO3CIIOBAHHS eJeKTPOHIB MPOBIAHOCTI B MeTa ax, 301IbINEHHs TXHBOT
KLTBKOCTI 3HUAKYE eeKTponpoBiamicTs. Kornenrparisa mux 1e¢eKTiB 3a1eKUTh Bl T€M-
[IepaTypH, XiMiIHOTO CKJIAILY 1 CTYIEHs XOJ0AHOro aedopMyBaHHs 3pa3Ka meraty. Exc-
TIEPUMEHTATLHO BCTAHOBJIEHO, IO 3arajbHa eIeKTPOMPOBIIHICTh METATY CKIATAETHC 3
BHECKIB TEIJIOBUX KOJHMBAHB, JOMIIIOK 1 MIACTHYIHOI Jedopmariii, TOOTO MeXaHi3Mu po3-
CilOBaHHS MIIOTH HE3aJeKHO OAWH BiA oaHoro. Lli Tpu KOMIOHEHTH € pe3yiabTaToOM Io-
PYIIIeHHS HOPMAJIBHOIO PYXY €JIEKTPOHIB, [0 HACAMIIEPE] MOB S3aHO 3 PO3CIIOBAHHAM
KPHUCTAIIHOI I'paTKu i JOMIMIKoBUM po3citoBanusaM. HeigeanbHicTh I'paTKu 3MEHIITYE Ce-
PEIHIO TOBXKWHY BIILHOTO TPOOITY eeKTpoHa. K HACHIIOK, 1€ TPU3BOAUTH IO 3MEH-
IMEHHS PYXJUBOCTI €JIEKTPOHIB i, OT¥Ke, /10 3MEHITIEHHS 3HAYEHHS €JTEKTPOITPOBITHOCTI.
Y BUMQIKY KOMIO3WTHUX CILIABIB 3arajibHa €JIeKTPOMPOBIIHICTE CalaTHMe BHACILIOK
OiTBIIOr0 BHECKY JOMIIIIKOBOTO i JeOpMAaIiifHOr0 KOMIIOHEHTIB MOPIBHSIHO 3 6a30BUM
3Pa3KOM.

Amnasiz 06’eMHOI 4aCTKU LEHTPIB PO3CIAHHS €JIEKTPOHIB, 110 CKJIAJAETHCI 3 00’ €MHUX
dpaxiiit 30Hn1 WIACTUIHOI AedOpMallii, TOMIMIOK Ta MOPUCTOCTI BUABUB, IO HE3HATHA
3MiHa €JIEKTPOTPOBITHOCTI 3yMOBJIEHA, HU3HKOIO 00’€MHOIO YACTKOIO TTOPUCTOCTI B KOMITO-
3UTHUX CIJIABaX Ta HU3BKOIO KUIBKICTIO IHOMIMIOK. AJjie, IK BUIHO Ha pucC. 6, HaBITH He-
3HAYHA KITHKICTH JOMINTOK MOYKE 3HU3UTH €JIEKTPOIPOBIAHICTD. 3 MPAKTUIHOTO TOTIISALY
1€ 03HAYAE, IO TIPH MPABHILHOMY BHOOPI TUITY Ta KiMTHKOCTI HAHOPO3MIiPHUX KEPAMITHHUX
JIOMIITNIOK KOMITO3UTHI CILIABA MOXKYTh 320€31€9NTH HAMIMHAI €JIEKTPUIHAN KOHTAKT, [IPO
IO CBIYATh PE3YJIbTATU JIOC/Ii/IKEHbD.

4. BucHoBKHu

ExcrnepumMeHTanIbHO JTOCTIIZKEHO 3aJIEKHICTh eeKTPOIPOBITHOCTI Bif TeMIepaTypu
ciiaBiB Sngy 56A84,14CUy 29 cucremu Sn—-Ag-Cu B TBepmoMy Ta pigkoMy craHax y miu-
pokoMy miamazoni Temmeparyp Bim KimuaaTHol 10 650 K. IIpoBeaeni BumipioBaHHs B pe-
JKUMaX HarpiBaHHS Ta OXOJIOIXKEHHS TMPOTATOM JEKIJIbKOX IHWKJIIB 3 Pi3HOIO NMIBUIKICTIO
MMOKa3aJIu, 110 MIBUIKICTh HArpiBaHHS I OXOJIOIXKEHHS IMOMITHO He BILIMBAJIA Ha TTOBEIiH-
Ky esekrponposignocri. I'icrepesuc kpusux o(T) y mingnui nsaBieHHs-Kpucraaizaiii
BimoOparkae CTyIiHb TEPMOAMHAMIYHOI PIBHOBATM MiXK PiAKOI0 Ta TBEPIOIO ¢ra3amu, II0
MarOTh OJHAKOBI Ximiuni nmorenniaau. 3a pe3ysibraTaMu eJIeKTPOIPOBLIHOCTI BUBHAYEHO
TeMIepaTypu TJIABIEHHS 1 KpUCTAJIi3allil JOCHiKeHnX critaBiB. BetanoBiaeno, 1o Hese-
Jmka Kitbkicrs (10 1 mac. %) Hamopo3mipaux kepamivaux qomimok SiOq, TiOg, ZrOs
ta AloO3 cyTTEBO He BILUTMBAIOTH HA TEMIEpATypy IIaBieHHs 6a3oBoro ciasy. loma-
BaHHS KepaMi9HUX JOMIIIOK IPUBOJIUTD /IO 3MEHIIEHHS eJIEKTPOIPOBIIHOCTI 38 paxyHOK
JI0JIATKOBUX IIEHTPIB PO3CIAHHS €JIEKTPOHIB K y TBEPJOMY, TaK i B PiJIKOMY CTaHaX, 1110,
onHak, we mepepunrye 12 %.

Hocrninzxennst Bukonaui 3a migrpumku Minicrepersa ocsitu 1 nayku Ykpainu (dep-
»kaBHuil peecrpaniiinuii nomep HIIP: 0122U001521).
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Electrical conductivity of liquid Sn—Ag—Cu alloys

with nanosized ceramic admixtures
Yu. Plevachuk, O. Tkach, M. Dufanets, V. Poverzhuk
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8 Kyrylo and Mefodiy Str., Lviv, Ukraine, 79005
e-mail: yuriy.plevachuk@Ilnu.edu.ua

Sn-based alloys, in particular the alloys of Sn—Ag—Cu (SAC) ternary system, are
used as lead-free solders in the electronics industry and therefore are the subject
of intensive research. One of the promising ways to improve the properties of
such solders is the synthesis of nanocomposite materials, in which nanosized
particles introduced into the basic bulk material allow (matrix) to control the
properties in a wide range of physicochemical parameters. Therefore, the study
of the influence of different nanosized particles like metals, ceramics or carbon
nanotubes on the physical and mechanical properties of basic metal alloys has
become particularly relevant. The tendency to reduce the size of joints in mi-
croelectronics increases the requirements for the reliability of solders, which can
be achieved in new nanocomposite materials by introducing ceramic nanoparti-
cles. One of the most common procedures for improving the mechanical properti-
es of solder joints is the addition of oxide nanoparticles to the matrix alloys. In
this work, the effect of nanosized ceramic impurities on the electrical conducti-
vity of the alloy Sngs 56Ag4,14Cuy 29 was investigated experimentally in a wi-
de temperature range of the solid and liquid states. Research results revealed
that electrical conductivity is very sensitive even to a small amount of impuri-
ty elements. It was established that the addition of ceramic nanoparticles SiOs,
TiOs, ZrO5 and Al;O3 reduces the absolute values of electrical conductivity. The
experimental curves of dependence of electrical conductivity on temperature are
approximated by a polynomial of the second degree. The results are explained by
the increase in the number of crystal defects, which are centers of scattering of
conduction electrons in metals, and lead to a decrease in electrical conductivity
when adding nanosized ceramic impurities. According to the results of electri-
cal conductivity were determined, the melting tem-peratures Tm and crystalli-
zation Ts of the investigated alloys. It was found that a small amount (up to
1 wt. %) of nanosized ceramic impurities does not significantly affect the melting
temperature of the basic alloy.

Key words: Sn—-Ag—Cu, electrical conductivity, lead-free solder, ceramic
nanoparticles, melts, high temperatures.



