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PE3IOME
[ToustoBckuit Oner Buranbesuu

COCTAB, CTPYKTYPA U CBOMCTBA CILIABOB MEJb — OJIOBO,
HOJYYAEMBIX JIEKTPOXUMHUYECKHUM OCAKJIEHUEM U3
IVIMKOJIEBBIX SJIEKTPOJIMTOB

KiroueBbie ci10Ba: 2JIEKTPOXMMHUYECKOE OCAXIEHUE, CIUIAB, MENb, OJIOBO,
HEBOJHBIA AJNEKTPOIUT, NPONUICHITIMKONb, 3JE€MEHTHBIM U (a30BbIA COCTaB,
MUKPOCTPYKTYpa, CBOMCTBA, KOMILIEKCOOOpa30BaHUE.

Hean padoTel — pa3zpaboTka MPOMUICHIIIMKOIEBOTO 3JIEKTPOIUTA OCAKIACHUS
CIUIaBa OJIOBO-MEJb C BBICOKUM COJICPKAHHUEM OJIOBA, U3YUYEHUE BIUSHUS Pa3INYHBIX
(dakTopoB (COCTaB pacTBOpa, INIOTHOCTh TOKA, JUIMTEIBbHOCTh OCAXKJIEHUS, MPHUPOJa
MOJUIOKKH, JUIMTENBHOCTh JKCIUTyaTallUd pPAacTBOpa) HAa CKOPOCTb OCAXKICHUS
ITIOKPBITUM, COCTaB U MUKPOCTPYKTYPY CILIaBA.

O0beKT uccenoBaHus — dEKTpoauTHYeckuil crias Cu — Sn.

IIpeamer uccaef0BaAaHUSA — IPOLECCHI COBMECTHOTO JJIEKTPOXUMHUYECKOTO
BoccranoBieHuss meau(ll) u onosa(IV) ¢ ¢popMupoBaHuem ciuiaBa ¥ BIMSHUE 3THX
IIPOILIECCOB HA COCTAB, CTPYKTYPY U CBOMCTBA IMMOKPBITHM.

Meroabpl HCCJIEIOBAHMSI: TPAaBUMETPHUS, CKAHUPYIOIIAs AJIEKTPOHHAs
MHUKPOCKOIHS, SHEPrOAUCIIEPCUOHHBIN PEHTITEHOBCKUI MUKPOAHAIN3,
peHTreHoa3oBbli M PEHTTeHO(IIyOpeCIeHTHBIN aHanu3bl, auddepeHnantbHas
CKaHUPYIOIIasi ~KaJOpUMETpHs, HH(]paKpacHas CHEKTPOCKOMUS, MHUKINYECcKas
BOJIETAMIIEPOMETPHS, OIIEHKA KOPPO3UOHHON yCTOWYMBOCTH, aAre€3uH, CIOCOOHOCTH
K MauKe.

PesyabTrarel  paGorbl M HMX  HayyHas  HoBHM3Ha. Paspabortan
MPONWICHITIMKONEBBIA 3JEKTPONIHT, coaepxkamuii xmopuasl meau(ll) m omnosa(IV),
Tpuion b u GOpHYIO KHCIIOTY, @ TakXe BBISABICHBI YCJIOBUS 3JIEKTPOXUMHUUYECKOIO
OCAXJEHUs CIUIaBa OJIOBO-MENb C BBICOKMM COIEP/KAHUEM OJI0BA BILIOTH 10 92 Macc.
%, Onu3kuM K 3BTeKTUKE. OMNpeAesieHO BIMSHUE COCTaBa AJICKTPOJIUTA, YCIOBUU
OCaXJICHUSI, IPUPOJIbI TIOJUIOKKH HA COOTHOLIEHUE METAJIJIOB B CIUIABE, €ro (pa30BbIi
COCTaB, MHUKPOCTPYKTYpY, CHOCOOHOCTh K NalKe W KOPPO3MOHHOE IOBEICHUE.
Metoaom UK-crieKTpOCKOIUM ONPEAEIIEH COCTaB KOMIUIEKCHBIX COSIMHEHUIN 0J10Ba U
MEAW B MPOMWJICHIJIMKOJIEBOM 3JIEKTPOJIUTE, YTO MO3BOJMIO OOBSICHUTH MPUUYHHBI
OCaXJICHMsI CIJIaBa, 0OOTaI[EeHHOTO OJIOBOM B OTJIMYME OT MOKPBITUH, MOITyYaeMBbIX
U3 BOJHBIX AJIEKTPOJUTOB. OmpeneneHbl U3MEHEHHSI COCTaBa AJIEKTPOJIUTA MPU €r0
AKCILTyaTallH.

PexomMeHIanMU MO0 HCIOJIB30BAHUIO Pe3yJbTATOB PadoThl. Mcnons3oBanue
crutaBa Cu—Sn B KadecTBE MPHUIMOS B3aMEH TPAJUIMOHHBIX MOKpbITUH Pb—Sn mop
MaNKy WM B KAYECTBE JEKOPATUBHBIX MOKPBITUH.

O0sacTu NpUMeHeHUs: YIEKTPOHHKA, TAIbBAHOTEXHUKA, PUOOPOCTPOCHHUE.

JurmioMHass paboTa COCTOMT M3 BBEIEHUS, TPEX TIJlaB, BBIBOAOB U
oubnanorpapuyeckoro cnucka. IloaHbIM TEKCT NUIIIOMHOM paboThl cocTaBiisieT 86
CTpaHHuIl, B TOM yucie 19 pucynkoB Ha 19 ctpanunax, 21 tabauna Ha 21 crpanune.
bubnuorpadguyeckuii Ciucok BKIOYAET 78 HAMMEHOBAHUN Ha 6 CTpaHUIIAX.



PI3I0OMD
[TansToycki Aner BitanbeBiu

CKJIAJl, CTPYKTYPA I YJIACHIBACHI CIINIABAY ME/I3b — BOJIABA,
ATPBIMAHBIX DJIEKTPAXIMIYHBIM ACAJI’KOHHEM 3 ITKOJIEBBIX
SJEKTPAJIITAY

KiwuaBpifi CJI0BBI: 3JIeKTpaxiMiyHae acajkKdHHE, CIulay, MeI3b, BOJaBa,
HSABOAHBI  AJEKTPAIIT, MPANJICHIIKOIb, 3J€MEHTHbl 1  (as3aBbl  CKJaj,
MIKpacTpYyKTypa, yaacliBacill, KOMILIEKCayTBapIHHE.

MbsTa padoThl — pacnpalioyka nparijeHIiKojIeBara IeKTpaliTa acaJKIHH
CIUIaBY BOJIaBa-ME/3b 3 BBHICOKIM yTPhHIMAaHHEM BOJIABa, BhI3HAUIHHE YTUIBIBY PO3HBIX
¢dakrapay (ckiaja pacTBopa, UIYbLUILHACIE TOKY, MPALAIIACIb aCa/PKIHHS, MPBIPOa
MajKIaaKl, TMpalsriaacib JKCIUTyaTallbll pacTBOpa) Ha XYTKACllb AacaKIHHS
MAKPHIIIY, CKIIAJ 1 MIKpACTPYKTYPY CILIaBY.

AO’eKT 1acjielaBaHHA — MIEKTPaTITEIYHbI crutay Cu — Sn.

IIpagmer pgacienaBaHHsi — TPaldChl  CyMeCHara JJeKTpaxiMiduHara
anaynenHs men3i (II) 1 Bomasa (IV) 3 ¢dapmipaBaHHeM cIuiaBy 1 YIUIBIY TI'3THIX
nparpcay Ha CKIIajl, CTPYKTYpY 1 YiaciiBaciii HakpbIIsy.

Meraapl [gacjielaBaHHA: TPAaBIMETPBIS, CKaHIpyKO4as  3JIEKTPOHHAs
MIKpacKarisi, HeprajbplClepCiiHbl PIHTICHAYCKI MiKpaaHasi3, pIHTreHadasaBbl 1
PAHTTreHa(IyapICUAHTHBI aHalli3, bIGEepIHIBIUIbHAS CKaHaBalbHAsl KaJapbIMETPhIS,
1H(pavbIpBOHAs CIIEKTpACKaris, [bIKJIIYHAs BOJIbTaMIIEPAMETPBIs, al[PHKa Kapa3iiHai
yCTOMIIIBACIII, aare3ii, 30JbHACIII 1a MasHHS.

Bemmiki paGorel i ix HaBykoBas  HaBi3Ha.  PacmpanaBasbl
MPANUICHIIIIKOIEBBl dJEKTpamiT, skl 3msmyae xiapbiasl Measi(ll) 1 omasa(IV),
Tpeuton b 1 OGopHyro Kicmary, a Takcama BBISIYJICHBI YMOBBI JJIEKTpaxiMiduHara
aca/pKAHHS CIUIaBy BOJIaBa-MEZ3b 3 BBICOKIM yTphIMAaHHEM BoJsiaBa ax jaa 92 mac.%,
OM3KIM J1a AYTIKTHIKI. YCTAHOYJIEH VIUIBIY CKIaAy JJIEKTpalliTa, YMOY acapKdHHS,
NpBIPOJIBI MAAKIAAKI Ha CyaJHOCIHBl MeTajay y cIuiaBe, sro ¢asaBbl CKIal,
MIKPACTPYKTYpy, 3l0JIbHACIL Ja TasHHSA 1 Kapas3iidHbld naBoa3iHbl. Meragam Y-
CIIEKTpAcKarii BbI3HAYaHbl CKJIaJ KOMIUIEKCHBIX 3JIYYDHHSY BOJlaBa 1 Mem3l ¥
MPaNuICHINIIKOIIEBBIM ~ AJIEKTpallille, INTO JIa3BOJija PAaCTIyMadbllb MPBIYbIHBI
acaj/pKdHHS CIUlaBy, y30arauaHara BOJIaBaM y aJpO3HEHHE aJi MaKpbIIUAY, SKis
aTpbIMITIBAIONIIA 3 BOJHBIX AJIeKTpaliTay. Brl3HauaHbl 3MEHBI CKJIaAy 3JIEKTpajiTa
IPBI SITO AKCIUTYaTAaIbIi.

PykameHnnanpli ma BbIKAPBICTAHHI BbIHIKay padoTbl. BrikapbicTaHHe
crutapy Cu—Sn ¥ sKacili MPBITOI0 3aMeCT TPAAbIIBIMHBIX TaKphIIy Pb—Sn s
nasiHHA a00 ¥ SKacCIll 19KapaThIYHBIX MAKPBIIIIIY.

BooOaacui NPbIMAHEHHS: AIIEKTPOHIKA, raJibBaHaTIXHIKA,
npbsI0OpalyAayHILITBA.

Jpimomuas paboTa CKIajgaemia 3 YBOA3IH, TPOX TJay, BBIHIKAY 1
o10msarpadiunara cmicy. [IoyHBI TAKCT IBIIIIOMHAN paOOThI CKiajgae 86 cTapoHak, y
TeIM JiKy 19 w™amonkay Ha 19 craponkax, 21 Tabmimy Ha 21 crapoHKe.
biGmisirpadiunbl cric ykiatovyae 78 HallMEHHSY Ha 6 CTapOHKaXx.



SUMMARY
Paniatouski Aleh

THE COMPOSITION, STRUCTURE AND PROPERTIES OF TIN - COPPER
ALLOYS, OBTAINED BY ELECTROCHEMICAL DEPOSITION FROM
GLYCOL ELECTROLYTES

Key words: electrochemical deposition, alloy, copper, tin, non-aqueous
electrolyte, propylene glycol, elemental and phase composition, microstructure,
properties, complexation.

The purpose of the work — development of propylene glycol electrolyte
deposition of tin-copper alloy with a high content of tin, the study of the influence of
various factors (composition of solution, current density, deposition time, substrate
nature, duration of solution operation) on deposition rate of coatings, composition
and microstructure of the alloy.

The object of the research is an electrolytic Cu — Sn alloy.

The subject of the research is the processes of joint electrochemical
reduction of copper(Il) and tin (IV) with the formation of the alloy and the influence
of these processes on the composition, structure and properties of coatings.

The method of the research: gravimetric analysis, scanning electron
microscopy, energy dispersive X-ray microanalysis, X-ray phase and X-ray
fluorescence analyses, differential scanning calorimetry, infrared spectroscopy, cyclic
voltammetry, corrosion resistance and adhesion evaluation, solderability evaluation.

The results of the work and their scientific novelty. A propylene glycol
electrolyte containing copper (II) and tin (IV) chlorides, Trilon B and boric acid has
been developed, and the conditions for the electrochemical deposition of tin-copper
alloy with a high tin content up to 92 mass% close to the eutectic have been
identified. The influence of electrolyte composition, deposition conditions, nature of
the substrate on the ratio of metals in the alloy, its phase composition, microstructure,
soldering ability and corrosion behavior are determined. The composition of tin and
copper complex compounds in propylene glycol electrolyte was determined by IR-
spectroscopy, which allowed explaining the reasons for the precipitation of an alloy
enriched in tin, in contrast to coatings obtained from aqueous electrolytes. Changes in
the composition of the electrolyte during its operation are determined.

Recommendations on the work results use. The application of Cu—Sn alloy
as a solder instead of traditional Pb—Sn coatings for soldering or as decorative
coatings.

Fields of application are electronics, electroplating, instrument-making.

The graduation paper consists of an introduction, three chapters, conclusions
and a bibliography. The graduation paper full text amounts 86 pages, including 19
figures at 19 pages, 21 tables at 21 pages. References include 78 titles at 6 pages.



