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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

BrisiuB HAHOYACTUHOK, OCAIKEHUX MEeTaJIoOM, i PJIIOCiB, JIerOBaHMX HAHOYACTUHKAMMU, Ha 3'€JHaHHS 6€3CBUHIIEBUX

HpI/IHOiB 3 METAJIEBUMU Hi,[[KJIa,I[KaMI/I

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Impact of metal deposited nanoparticles and the nanoparticle doped flux on solder joints between lead-free
solders and metal substrates

Pedepar yKpaiHCBKOIO:

OO6’eKT IOCiIyKeHHS 0 BIIMB HAHOPO3MiPHUX METaJIeBUX, KepaMiuHUX JOMIIIIOK Ta HAHOPO3MipHUX KapOOHOBUX
HAaHOTPYOOK i HaHOC(ep Ha CTPYKTYPHO-4YTJIMBi BIACTUBOCTI METAJIEBUX Oi/I1€BTEKTUYHUX CIIJIaBiB HA OCHOBI
SnoAgoCu. IIpenmeT JOCHiIKeHHs — CTPYKTypa, MiKPOCTPYKTYpa Ta CTPYKTYPHO-4YTJIMBI BJIACTUBOCTI
0iysleBTEKTUYHMX CIJIaBiB HA OCHOBi 6a30BMX MaTPUYHUX METajleBUX CIIaBiB SnoAgnCu. MeTta JoCIiIKeHHs ~
[IOKpallleHHs XapaKTePUCTUK MaTepialiB [1j1 €KOJIOTiYHO Oe3MeyHrX 6€3CBUHIIEBUX ITPUIIOiB Ha OCHOBI SnoAgnCu.
BriacTMBOCTI NasiHUX 3'€JHAaHb MOXKHA CYTTEBO MOKPAIMTH, JOAAIOUN [0 CIIJIaBiB HAHOPO3MipHI MeTaseBi Ta
HEMETAJIEBI YACTUHKY, SIKi 3MILJHIOIOTb MATPULIO IIPUIIOIB, 3HMKYIOTb IXHIO KPUXKICTb i MiZIBUILYIOTh CTIMKICTh 10
noB3y4ocTi. OfHaK He3MO4yBaHi HAHOJOMIIIKY (KepaMiyHi, ByrjieneBi HAaHOTPYOKM) BUTICHSIIOTbCS 3 PO3ILJIABY i
yac HariasyieHHs. [Ipo6ieMy MOXKHA BUPIIIKTH, POpMYyI0UX “MiCT” MK HQHOYAaCTMHKAaMU Ta MaTPULEIO IIPUIIOIO.
HaHovacTrHku MeTaiiB (Taki K Au, Au-Pd, Pt) po3risgaoTses SK ifeanbHi "MOCTOBI MaTepiann”, OCKiIbKY 30aTHI
pearyBaTH 3 IPUIIIMHUMU CIJIABAMU Ha OCHOBI SN, YTBOPIOIOYU iHTEPMETAJIEBI CITOIYKHU MiJ] 4aC MPOLECy MasHHS.
JociKeHo BIJIMB TAKOIO MOCTY Ha BJIaCTUBOCTI MaTPULLi, @ TAKOK MOP(QOJIOTilo Ta [10BEIiHKY 3pOCTaHHS
IHTEpMETAJIEBUX CIIOJIYK MK IIPUITOEM HA OCHOBI Sn Ta MifHOIO MiIKIagK000. MeToaM NOCIiIKEHH: X-TIPOMEHEBA
cnektpockorist (XRD), ckaHyio4a esleKTpoHHA Mikpockornist (SEM), nudepenuiansuuii Tepmidanii aHanis (DTA),
TpaHCMiciiiHa esleKTpoHHA Mikpockorlist (TEM), MiLiHiCTb Ha 3cyB MeTOZOM po3Tsry (Zwick /Roell Z 100). Bci ¢isuuni

BEeJIMYMHU MoJaHo B cuctemi Cl.

Pedepar aHIJIiHCBKOIO:

The object of the study is the effect of nanoscale metal and ceramic impurities and nanoscale carbon nanotubes
and nanospheres on the structure-sensitive properties of metal near-eutectic alloys based on SnoAgnCu. The subject
of the research is the structure, microstructure and structure-sensitive properties of near-eutectic alloys based

on basic matrix metal alloys SnoAgnCu. The purpose of the research is to improve the characteristics of materials for
environmentally safe lead-free solders based on SnoAgnCu. The properties of soldered joints can be significantly
improved by adding nano-sized metallic and non-metallic particles to the alloys, which strengthen the matrix of

the solders, reduce their brittleness and increase resistance to creep. However, non-wettable nanoimpurities
(ceramic, carbon nanotubes) are displaced from the melt during surfacing. The problem can be solved by forming a
"bridge" between the nanoparticles and the solder matrix. Metal nanoparticles (such as Au, Au-Pd, Pt) are
considered ideal "bridge materials" because they are able to react with Sn-based solder alloys to form intermetallic
compounds during the soldering process. The effect of such a bridge on the properties of the matrix, as well as the
morphology and growth behavior of intermetallic compounds between the Sn-based solder and the copper
substrate was investigated. Research methods: X-ray spectroscopy (XRD), scanning electron microscopy (SEM),
differential thermal analysis (DTA), transmission electron microscopy (TEM), tensile shear strength (Zwick /Roell Z
100). All physical quantities are given in the SI system.

Ingexkc YIK: 532.6, 532:537.311:322; 546.3® 14 , 532.08; 533.1/.5.08
Koau TemaTHYHHUX PyOpHK: 29.17.19.05, 29.17.27, 29.17.35

KepiBHHUKH po6OTH



BiacHe IlIpizBue Im'sa I1o-6aThKOBI:TlneBauyk IOpiit OnekcanapoBud
HaykoBHH CTYHiHB: 1. {.-M. H.

BuyeHe 3BaHHSI: mpodbecop

InenTudikarop ORCID ID:

JoparkoBa iHdpopmamnist:

VIII. HaykoBa (HayKoBO-TexHiYHa) npoayKuis (HTII)

IX. Bi6siorpadiuyHuii onuc

1. Yu. Plevachuk, P. Svec Sr, P. Svec, L. Orovcik, O. Bajana, A. Yakymovych, A. Rud. Metal deposited nanoparticles as
“bridge materials” for lead-free solder nanocomposites. Appl Nanosci Q2. https://doi.org /10.1007 /s13204-023-
02898-z

2. Yakymovych A. Nanocomposite SAC Solders: the Effect of Heat Treatment on the Morphology of
Sn-3.0Ag-0.5Cu/Cu Solder Joints Reinforced with Ni and Ni-Sn Nanoparticles / A. Yakymovych, Yu. Plevachuk, L.
Orovcik, P. Svec Sr. // Applied Nanoscience. - 2022. - Vol. 12. - P. 977-982. https:/ /doi.org/10.1007 /s13204-021-
01750-6

3. Yakymovych A. Effect of Nanosized Ni Reinforcements on the Structure of the Sn-3.0Ag-0.5Cu Alloy in Liquid
and After-Reflow Solid States / A. Yakymovych, I. Shtablavyi // Metals - 2023. Vol. 13. - P. 1093.

4. Yu. Plevachuk, V. Poverzhuk, P. Svec Sr., P. Svec, I. Janotova, D. Janickovic, A. Rud. Electrical resistivity of lead-
free solders reinforced by carbon nanospheres. Int. J. Thermophysics (2023) Q3. Submission ID: 699e5dae-c573-
4db7-80ba-04305f37f0e4 https: / /submission.springernature.com/submission-details /699e5dae-c573-4db7-
80ba-04305f37f0e4

5. 1O. [lneBauyk, O. Tkay, M. [lydanenp, B. [ToBepxyk. EnekrponposinHicTs po3mniasis Sn-Ag-Cu 3
HAaHOPO3MIipHMMU KepaMiuHUMU JoMimkamu. BicHuk JIbBiBcbKoro yHiBepcuTeTy. Cepist disnuna. 2022. Bunyck 59.
C. 42-52. https:/ /doi.org /10.30970 /vph.59.2022.42



X. 3aKJIlI0YHi BiTOMOCTI

KepiBHHK opHu IUYHOI 0CO0H Menbuuk Bosogumup IletpoBuy
1. Gin. H.

IlepeJtik 0CiO-BHKOHaBILiB

[IneBavyk [Opint OsnekcangpoBrY
(. @.-M. H., mpodecop, cTapuMii HAYKOBUII CiBPOGITHUK, 01.04.13)

[ToBepxyk Bikrop Onerosud

[lITabnaBuii Irop IBaHOBUY
(. @.-m. H., npodecop, 01.04.13)

BignoBigasibHUI 3a HiATOTOBKY ITnesauyk O. O.
00JIiIKOBHX JOKYMEHTIB

Tenepon +38 (067) 271-75-94

PeecTpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 3a peECTpallilo HAyKOBOi IOpuenko TeTsna AHarosiiBHA

OisSIIBHOCTI




