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1. BiyivB HAHOYACTUHOK Ha CTPYKTYPHO-YyTJIMBi BIACTUBOCTI €BTEKTUYHUX Ta OiISIEBTEKTUYHUX CIJIABiB HA OCHOBI
Sn

2. Influence of nanoparticles on structure-sensitive properties of Sn-based eutectic and neareutectic alloys

Pedepar:

1. CnitaBu Ha OCHOBI Sn, 30Kpema, noTpirHoi cuctemu Sn—-Ag-Cu (SAC), BUKOPUCTOBYIOTb SIK 6€3CBUHLIEBI TPHUIIOL B
€JIEKTPOHHIN MPOMUCIIOBOCTI, @ TOMY € IIPEIMETOM iHTEHCUBHUX AOCHiIKeHb. OOHUM 3 IEPCIIEKTUBHUX LIJISIXIB
MTOKPALEHHS BJIACTUBOCTEN TaKUX IIPUIIOIB € CUHTE3 HAHOKOMIIO3UTHUX MaTepialiB, y IKUX HAHOPO3MipHi
YaCTUHKY, BBEJIEHi B 0a30BUI 06'€MHUII MaTepiasl (MaTPULIO), LO3BOJISIIOTh KEPYBATH BIIACTUBOCTSIMU B IIUPOKOMY
nianasoHi ¢izuKo-xiMiYHMX apameTpiB. TOMy BUBUEHHS BIIJIMBY HAHOPO3MipHUX YaCTMHOK (METaJIiB B 00'€MHUX i
HaHOPO3MipHUX PopMax, KepaMiyHMX a0 KapbOHOBUX HAHOTPYOOK) Ha (Pi3MYHI Ta MEXaHI4YHi BJIACTUBOCTI 6a30BUX
MEeTaJIeBUX CIJIaBiB CTaJIO0 OCOOJIMBO aKTyaJbHUM. TeHJIeH1lis 0 3BMEHILIEHHs PO3MipiB craiB y MiKpoesIeKTpOoHilli

i BUIIly€E BUMOTM [0 HAZiMHOCTI IIPUIIOIB, SIKOi MOKHA [OCSATHYTH Y HOBUX HAHOKOMITO3UTHUX MaTepiaax



BHECEHHSIM METAJIEBYX Ta KEPAMiYHMX HAHOYACTUHOK. [lifTBEpIKEeHNI ONIEPENHIMY LOCIII)KEHHSIMU TTIO3UTUBHUN
BILJIMB HAHOPO3MIpPHHX JJOMIIIKOBUX €JIEMEHTIB Ha CTabii3aliio KpuCTanidvHoi CTPYKTYpPY CIIJIaBiB HA OCHOBI Sn, 10
3a3HaIOTh CYTTEBUX Mogu(ikaliiil iz fieto 30BHIIIHIX BIJIMBIB, @ TAKOXK Ha [IOKpalleHHs (isuKo-XiMiuHUX Ta
MEXaHIYHUX BJIACTUBOCTEN 3yMOBHUB MOIIVMPEHHS LIUX JOCIIiI>)KeHb Ha 6a30Bi CIIJIaBU €BTEKTUYHOTIO Ta
6ins1eBTEKTUYHOrO CKJIaTiB NoTpiliHoi cuctemu Sn—-Ag-Cu, a came, Sn95,80Ag3,28Cu0,93 (at. %) (Sn96,5Ag3,0Cu0,5
Mmac. %) ta Sn94,56Ag4,14Cul,29 (at. %) (Sn95,5Ag3,8Cu0,7 mac. %). Pe3yspTaTy BUMipIOBaHHS €J1€KTPOIIPOBiTHOCTI
JAIOTh OAATKOBY iH(pOpMalLilo PO BIUIUB JOMIIIOK HAa CTPYKTYPY i (i3UKO-XiMiyHi BIaCTUBOCTI MeTaJIe€BOi
MaTpulLli, 0 BaKJIMBO AJI PO3YMiHHS MIKPDOCTPYKTYPHUX IIEPETBOPEHD V PiKOMY cTaHi. OTprMMaHi pe3ynbTaT
IaJi BKJIMBY iH(OpMALLiIOo 00 MOXKINBOCTI BUKOPUCTAHHS LIMX CILJIaBiB SIK 6€3CBUHIIEBUX IIPUIIOIB, OCKINIbKU
[IOKa3aJy, 10 N0JaBaHHS HAHOPO3MiPHUX YaCTUMHOK HIiKeJII0 IIPAaKTUYHO He 3HMXKYE €JIEKTPOIIPOBIAHICTD CIIJIABY,
TOZ SIK, 3TiJHO 3 HEJABHIMU NOCIiI)KEHHSIMU, HU3Ka MEXaHIYHYX BJIACTUBOCTEN IOKPALLYEThCS, 30KPEMA,

i BUILYETHCSA MIKPOTBEPZICTD i MILIHICTb HAa PO3TSIT, a TAKOXK MILHICTh HA 3CYB CIIaiB MIX CIIJIABOM Ta MiIHOIO
OCHOBOIO. Pe3ysibTaTy BIJIMBY MeTajIeBUX HAHOYACTMHOK Ta KAPOOHOBUX HAHOTPYOOK Ha CTPYKTYPHO-UYTJIMBI Ta
MEXaHiuHi BJIaCTUBOCTi 6araTOKOMIIOHEHTHUX CILJIaBiB HA OCHOBI 0J10Ba [1al0Th 3MOI'Y BIIOCKOHAJIMTH HOBITHI
TEXHOJIOTII BUTOTOBJIEHHS HAHOKOMITO3UTHUX MaTepiaziB. HaykoBi pesysibTatu Jucepraltii, yIOCKOHaJEH]
METOAWKU BUMipIOBaHb Pi3MYHUX i MEXaHIYHUX BJIACTUBOCTEN JOCIIIKEHNX CIJIaBiB Ta BCTAHOBJIEHI
3aKOHOMIPHOCTI IXHbOI IOBEiHKM MAIOTh [IPAKTUYHE 3aCTOCYBaHHS Y CTBOPEHHI TEXHOJIOTiN BUPOOHHULITBA
Marepiais 11 6€3CBUHLEBUX MTPUIIOIB i MOXKJIMBICTIO 11iJIECIIPSIMOBAHOTO KEPYBAHHSI iXHIMU CTPYKTYPOIO Ta

BJIACTUBOCTSIMMU.

2. Sn-based alloys, in particular a Sn-Ag-Cu ternary system (SAC), are used as lead-free solders in electronics and
are therefore the subject of intensive research. One of the promising ways to improve properties of such solders is
a synthesis of nanocomposite materials, where nanosized particles introduced into the base bulk material (matrix)
allow to control the properties in a wide range of physicochemical parameters. Therefore, the study of the
influence of nanosized particles (metals in bulk and nanosized forms, ceramic or carbon nanotubes) on physical
and mechanical properties of base metal alloys has become particularly relevant.The tendency to reduce the size
of solder joints in microelectronics increases the requirements for the reliability of solders, which can be achieved
in new nanocomposite materials by the introduction of metal and ceramic nanoparticles. The positive effect of
nanosized impurity elements on the stabilization of the crystalline structure of Sn-based alloys undergoing
significant modifications under the influence of external influences, as well as on the improvement of
physicochemical and mechanical properties confirmed by previous studies, led to spread these studies on basic
eutectic and neareutectic Sn-Ag-Cu ternary alloys, namely, Sn95,80Ag3,28Cu0,93 (at. %) (Sn96,5Ag3,0Cu0,5 wt. %)
Ta Sn94,56Ag4,14Cul,29 (at. %) (Sn95,5Ag3,8Cu0,7 wt. %). The electrical conductivity data provide additional
information on the effect of impurities on the structure and physicochemical properties of the metal matrix, which
is important for understanding the microstructural transformations in the liquid state. The obtained results
provided important information on the possibility of using these alloys as lead-free solders, as they showed that
the addition of nanosized nickel particles does not impair the electrical properties of the solder, while, according
to recent studies, the mechanical properties of brazed joints improve.The results of the influence of metal
nanoparticles and carbon nanotubes on the structurally sensitive and mechanical properties of multicomponent
tin-based alloys will improve the latest technologies for the manufacture of nanocomposite materials. Scientific
results of the dissertation, improved methods of measuring physical and mechanical properties of investigated
alloys and established patterns of their behavior have practical application in creating technologies for the
production of materials for lead-free solders and the ability to purposefully control their structure and properties.
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