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Oxidation of Liquid Ag-Sn-Bi Alloys in Air
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Kinetics of oxidation of liquid Ag-Sn-Bi alloys in air was studied by the high-temperature gravimetry
at 1273 K. The compositions of formed scales were determined by means of X-ray analysis and electron
microscopy. It was found that all bismuth oxide had reacted with the formation of Bi,Sn,0,.
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Oxmucienue pacmiasoB Ag-Sn-Bi

KHCJIOPOIOM BO31yXa
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Memooom evicokomemnepamypnoii epagumempuy UCcie006aHa KUHEMUKA OKUCIEHUS HCUOKUX
cnaasoe Ag-Sn-Bi npu 1273 K na 6o30yxe. C ucnoav3oganuem peHmeenoazo8ozo amaiuza u
9NEeKMPOHHOU MUKPOCKORUU Onpedenen cocmae obpasylowetica oxkaaiunsl. I[lokazano, umo eeco

oKcuUo sucmyma udem Ha obpazosanue coedunenus BiSn;0;.

Knwuesvie cnosa: eblCcCOKOmMmemnepamypHoe OKucjienue, pacnidae, cepe6po, 0J1060, 6uUucmym,

cmaHnam sucmyma.
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BBenenne

[Tpu nmonyyeHnH 31EKTPUIECKUX KOHTAKTOB THIA Ag-SnO, 115 yIydIIeHNs UX SKCILTyaTaluoH-
HBIX CBOMCTB 4aCTO MCHONB3YIOT paznuunble nobasku (In,0;, Bi,O; u ap.) [1, 2]. AnbrepHaTuBHBIM
METOJOM NOIy4YEHHUs TAKUX KOHTAKTOB SIBISETCS OKHCIEHHE paciliaBoB Ha ocHOBe Ag-Sn [3]. Okuc-
JICHUE IPaHUYHBIX OMHAPHBIX paciIaBoB cucTeMbl Ag-Sn-Bi uccienoBano panee: Sn-Ag, Sn-Bi — [4],
Sn-Ag — [5], Bi-Ag — [6]. Llens HacTosmme# paboThl — NCce[0BaHNEe KHHETHKH OKUCIICHHS TPOHHBIX

pacmiaBoB Ag-Sn-Bi u nu3ydyeHue cocraBa 00pa3yroniencs: OKaJInHbI.

3KcnepnmeHTaanaﬂ JacThb

HccnenoBanue okucieHus paciuiaBoB Ag-Sn-Bi va Boznyxe npu 1273 K (pu 3T0i Temneparype
BCE KOMIIOHEHTHI CIIaBa HAXOASITCS B )KHAKOM COCTOSTHUHN) TPOBOIMIIN METOJIOM BEICOKOTEMIIEpaTyp-
HOW rpaBuMeTpud [7, 8]. AHanu3 oOpa3yronieiicss OKaJTuHBI MPOBOAIUIN: C IOMOIIBI0 PEHTTCHOBCKO-
ro nudpakromerpa X Pert Pro MPD (PANalytical) Ha u3nyuyennn CuK,; pacTpoBOro ajieKTpoOHHOTO
mukpockona JEOL JSM 7001F u sneprogucnepcuonHoro cnekrpomerpa INCA Energy Penta FETx3.
O0paboTKy IKCIIEPUMEHTAIILHBIX PE3yJIbTaTOB BEJIH C UCIIOJIb30BaHHEM JIMLIEH3HOHHOM MPOrpaMMbI
Sistat Sigma Plot 12.

Pe3yabTaThl M 00CYKIeHHE

[IpoBeneHHbIE T'PaBUMETPUUIECKUE UCCIICTOBAHUS IIOKA3aIH, YTO JJI5 BCEX U3YUCHHBIX COCTaBOB
cruiaBoB Ag-Sn-Bi XxapakTepHbl CHTMOH/IHBIE KPUBBIE OKUCIeHU (puc. 1).

3aMeTHuM, 4TO Ha peajn3aluio TUIHYHO CUTMOUAHBIX KPHUBBIX IIPH OKHCIECHHH METAJJIOB
oTMeudeHo B pabote [9]. Ocobo moguepkHEM, UTO €CIIM IPH NMapaboIUIECKOM pEXUME OKHUCIIEe-
HUS peaklus JTUuMuTupyeTcs nuddysuei yepes cioil 06pa3youierocsi OKCHaa, TO B CHTMOUTHOM
peXHUME MPOIIECC ONPEeIIsieTcs] cTaAuel (MU IPYNIOoN cTaanil), JOKaIM30BAaHHON Ha BHENTHEH
rpanuue pasgena. Kpome Toro, nogo0Hbie peakiiii B COOTBETCTBUH C CUTMOUIHBIMU KMHETHYE-
CKMMH KPUBBIMH UMEIOT TEHACHIINIO K Pa3BUTHIO BO BpeMeHHU. U3 puc. 1 cneayer, 4To 14 Bcex

HCCJICA0OBAHHBIX COCTABOB CIIABOB HAa BCEX KPUBBIX OKUCICHHUS pacmiaBoB Ag-Sn-Bi (Am/s = f(1))

Aml/s, kr/m?
(3]
¥

0 1000 2000 3000 - €

Puc. 1. Kunetuka okuciaenus pacmiaBoB 80 Ag — (20 —x) Sn — x Bi (at. %): x = 0 (1), 1.0 (2), 0.8 (3), 0.4 (4),
0.2 (%)
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Ha HAYaJIbHOW CTAaJMHU XapaKTEPHO HAJMYHMEC WHAYKIIHOHHOTO MEPHUOaa OKHUCICHHUS. XapaKTep-
HBIM SIBJISICTCS TO, YTO YEM BEIIIC KOHICHTPAI[Hs BUCMYTa B MCXOTHOM CIIJIaBE, TEM MEHBIIE OH
JUTATCSL.

W3BecTHO, 9TO MPH OKHUCICHHUH XUJIKUX CIUIABOB OYCHBb YACTO OMPEICISIONIYI0 POIb HTPAIOT
coctaB U MOpGoJIOrus 00pasyoiieiics okaiuHbl [7]. YUuThiBast 3T0, a TAKXKE TO, YTO HE3HAYUTEITHHOE
coJiepKaHUe B CHCTEME HOBOTO KOMIIOHEHTa MOXKET IIPUBOAUTH K 00pa30BaHUIO MUKPOCTPYKTYD (B
TOM YHUCJIe XUMUYeCKuX coenuHeHuid) [10], HaMu mpoBeJeH aHalu3 MPOAYKTOB OKHCIEHUS HCCIIe-
JyeMBIX pacriaBoB. PeHTreHo(ha30BbIi aHAIN3 OKaJWH, 00pa3yIOMIMXCs MpH oKucieHnn Ag-Sn-Bi,
coaepxaiux 0.4 u 1.0 at. % Bi, mokasain, uto oHu comepxkat (Mac. %): 48 SnO,, 51 Ag, 1 Bi,Sn,0; u 43
Sn0,, 53 Ag, 4 Bi,Sn,0; cOOTBEeTCTBEHHO. DTH IaHHBIE ONTBEPKIAOT pe3ynsraTsl padotsl [10]. O6-
paszoBanue coenuHeHus Bi,Sn,0; He sABASETCS HEOXKHIAHHBIM, TaK Kak cucrema Bi,0;-SnO, xapak-
TepU3yeTCS HAIMIUEM SIUHCTBEHHOTO COSIMHEHHUs cTaHHaTa BUcMYyTa [11]. OcoOeHHOCTH B3auMO-
nevictBus B cucteme Bi,0;-SnO, paccmotpenst B padote [12]. Oco60 oTMeTHM, 4TO B 00pa3yromiencs
okaimHe HeT Bi,Os, T. €. Bech OKCHJ BUCMYyTa HJET Ha 00pa3zoBaHue coenuHeHus Bi,Sn,0;.

Ha puc. 2 maHo u300pakeHHE MOBEPXHOCTH YACTHUI[ OKAJIHH, 00pa3yIOUIUXCsA Ha paciiaBax
(at. %) 80 Ag—19.6 Sn — 0.4 Biu 80 Ag— 19 Sn— 1 Bi, a B Tabin. | 1 2 — 31eMEHTHBIH COCTaB B JIOKa-

JIN30BAHHBIX TOYKAX YaCTHUI] OTUX 06pa3u013.

Topm 1 Einctron image §

T 1 Elwrisn imags 1

Puc. 2. DieKTPOHHO-MHKPOCKOITHYECKOE H300paKCHUE TMOBEPXHOCTH arioMEpaToB YacTHI[ OKAJIHHBI MOCIEe
okucienus pacmiaaBoB 80Ag— 19.6Sn —0.4Bi (a) u 80Ag— 19Sn —1 Bi (6)
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Tabnuma 1. DeMEHTHBINA COCTAB YaCTHIl OKalWHBI, 0Opa3syroieiicss Ha pacmiaBax 80 Ag — 19.6 Sn — 0.4 Bi
(TOYKM yKa3aHbI Ha puC. 2a)

ConeprkaHue 3JeMeHTOB (aT. %)
Spectrum -
Ag Sn Bi (0]
Spectrum 1 0.36 21.05 0.10 78.49
Spectrum 2 0.80 22.64 - 76.56
Spectrum 3 - 22.60 - 77.40
Spectrum 4 1.09 17.56 - 81.35
Spectrum 5 1.31 18.91 - 79.78

Tabnuua 2. DneMeHTHBII COCTaB YaCTHII OKAaIMHBI, 0Opasyrolueiics Ha pacmuiaBax 80 Ag — 19 Sn — 1 Bi (Toukn

yKa3aHbl Ha pHC. 20)

ConeprxaHue 3JeMeHTOB (aT. %)
Spectrum -

Ag Sn Bi (0]
Spectrum 1 6.87 23.35 - 69.78
Spectrum 2 100 - - -
Spectrum 3 86.84 0.83 0.60 11.73
Spectrum 4 12.98 13.70 0.36 72.96
Spectrum 5 1.55 19.85 - 78.60

Jns monmydeHust Oosiee MOJHOW MH(DOPMALMKM O PacIpPEACICHHH KOMIIOHEHTOB B IOJIYYCHHOM
OKaJIMHE OHA OBLIa CIIPECCOBAHA, 3JICKTPOHHO-MHUKPOCKOIMMYECKOE UCCICHOBAaHUE OBLIO MPOBEICHO
Ha nutude. KapTel pacnpeneieHuss XUMHYECKHUX 3JIEMEHTOB MMOKa3aHbl Ha puc. 3 1 4. Ha ocHoBaHUUM
MTOTYYCHHBIX PE3yJIFTaTOB MOKHO 3aKJIIOYHTH, YTO HA MHKPOYPOBHE MMEETCS HEKOTOPOE HEOTHO-
pOIHOE paciperesneHue 3IEMEHTOB B OKaJinHe. KpoMe Toro, yBeiandeHrne KOHIIGHTPAllui BUCMYTa B

HUCXOAHOM CILJIaBC MPUBOAUT K NOBBINICHUIO €T0 KOHLICHTPAIlUU B 06pa3yr0mei/'lc;1 OKaJIMHE.



0 Kal

Ag Lal Sn Lai

Puc. 3. DnexTpoHHO-MHKPOCKOIIUYECKOE H300pakeHHe MOBEPXHOCTH CIPECCOBAHHOrO 00pa3lia OKaJHMHBIL,
oOpasyrorieiicss Ha pacmiaBe 80Ag—19.6Sn—0.4Bi, 1 KapThl pacmpeacsicHUsT XUMHUYCCKHX 3JCMCHTOB B
XapaKTepUCTUYECKOM PEHTTCHOBCKOM H3JIyYeHUH
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0 Kal Ag Lat

Sn Lat Bi Mai

Puc. 4. DnekTpOHHO-MHUKPOCKONUYECKOE H300pakeHHe ITOBEPXHOCTH CIPECCOBAaHHOIO 00pa3lia OKaJIHMHBIL,
obOpasytomieiicss Ha pacmiaaBe 80Ag—19 Sn—1 Bi, u KkapThl pcrOpencieHUs XUMHUYECKHX OJIIEMCHTOB B
XapaKTePUCTHUCCKOM PEHTICHOBCKOM H3JTYUCHHH
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