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Bi,Sn,O; 2%+ Ag/SnO, #4 1 F HIEE 4%
K 438 M Be BY 52

roedet, Lot L A% ARk, HFIL?
(L. WL Tk K%, Wil HiMl 310014)
(2. WL K, WL BN 310027)

B FE: DAL A AR (BiSn0y) ALy, KHI W VERT JT 1 BiaSn,0y 524X Ag/SnO, F I %
f ISR, JF R RIS S BOR 5 & R 45 T2 4% 1 Ag/SnO2(x)-BizSn O (y) LI fil b kL . SRR AT . X
SEERATIRAC . AUIOE 2 B M A BRI A L B R T B B T T SRR AL T BOR MR AR G5 L R T AR
REHEAT T 2RAL. 45 RK Y] PTE R BioSn07 # ik ETMMBRLAR, RATHE 1~10 pmo BipSno07 B4 REM B250E Ag 15 SnO,
Z[8) SR, I B BiaSnoOy 5173 #07E 16.79%IN 1R /i B/ 82 Ag 5 SnO, AT HIEIR A1 /1N , Ag/SnO,(x)-BizSnaO+(y)
R A RE 1 R BE RIS, DT AR B TR AR 5 A T 7 B 2% A P FR A B i KA, O 2.28 pQrem, B ERIAEE HVo s

BRI KA, 4508 96.96%F1 900 MPa.

KHBEIA: AQ/SnOz; BiSnoO7 15 4%; MMM BL; EIEYE; MK

hEESES: TM5017.3 XHERFRIRTE: A

X E4S: 1002-185X(2022)02-0552-07

Ag/CdO  HEL4Z flo A L DR AR R Pt s slUR g 77+ it
A IR B8 DA A LI A 422 fis b BEL Y )32 SR T 4k F s
AR S DT B 2 AT A S (U s Pl B rP IS, (ER, LR
BoOd R AR R Cd 28 MR F His s, HE
LR ARV 2 s i h BRI T Ag/CdO IfEA . HF
TR, MR B bk Ag/SnO, MY B 5 Ag/CdO
AR BT R ITUR M L USRI, EL e v 54K
BHEBRE R, ZAIE A Ag/ICAO HEZ bk 5
M FEE0, # 2 m S lxt Ag/SnO, MEHEIF T K
BT, KRIBEASRS SnO, Witk 2 8] iR i 2, 175
IR MEA T, SnO, FURL 5 it 28 4R FE 4R I+ TR Kk A4
Tt SRE4E, TR YK, MBS T MR
(AR AS 1 eI

AR, HRINEETR i Bi. La)* e
EHI(CuO. Fe,05. Bi,03)M 0] DLks Ag Al SnO, 22 Ji]
S HENEIRAE, T2 Ag/SnO, MEH IR RE /1. R
7 SN I TR N Bi,05 18 Ag/SnO, HIFEfioby A EE T
RPN R, SRR hEE J ETF. HT R g A0
1E AgSNO,Bi, 05 I Ml 4k} HL IR Tibuict 72 o ke IR
SnO, 5 Bi,Os Z B T #4 (Bi,Sn,0;7). X
SR RGE FR A BiSn,0; IAEEAS Bh T 8 & 2T+

YFs HHEA: 2021-05-10
EEWE: Wil E S &Ik (2017C01051)

AQISNO, PHRLIHT HEBIA SR B /AR HLSREE 4 1t e, 41
Hil 7 SnO, FUkLAHTE HLHIAE R T it 2 1 5 A= A1 B
B EHWEWHX —HTH BiSn,0; AT fEAT Bh T B it i 3
AQISNO, AR S THVEVE R 1 S FL BEME RE
ik, AHTFELLE 8 BiSn,0; ki ik ekt 4 ot

BRI KRG 4 T2 M A BiSn,0, Bt bk & & (1)
SNn0,-Bi,Sn,0 M B dik F, K H 14K T SnO,-Bi,Sn,0;
PRSI AEMAS Ag T SRR R B = Re Rk
SEE B RIG G ER % AgISNO,(X)-BinSn,04(y) Hi 42 fifi k1
Bl JEo i A EVEREAS LRI, AERTT Ag/SnO, HiEE
AR 2R SRR L S NME .

1 =% 5

KA S AL UTUE VA & BiSn07 Mk . AL &
100 mL f 0.1 mol Bi/Sn V& & & W, ¥ 2450 ¢
Bi(NOs); 5H,0(0.05 mol)i# T 50 mL ##hfR+, 1.361 g4
F244(0.05 mol)i& - 50 mL £ B 1K, FRifises, ¥
BENERININE] Bi(NOg); 5H,0 T, ¥HWAIt+E,
%34 500 r/min, BEJE MAFTERL 1.906 g, 5 £ —E£-2000
0.200 g, Fr&fiiPE 30 min, MIAZ/K, pHEZE 10, #F
R4t PE 30 min, BRfk 1 h, B LIEWR, KRHEETK

eIy AR, 3, 1971 F4, L, BFUR, WL T RFMEESS TS0, Wil fijl 310014, HiE: 0571-88320479,
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MTCK OB 2~3 Ik, BHJGENTIEF 80 CT )&
12 h, 1930 E A5 R T IRKE, #4347 600 C
JERR B he G T OB

R S BEBR BB VAL & AR 4 T 2 M s M e o 8y
%6, B SnOp BipSn,O;7 Bkt AN pi &L L 73 7 B T17
QIR A THU S SO EE, BRESTEFER BE BRI R
FOHS, ERRHGCA 3:1, %3 300 r/min, B3 hy K,
W7 MIRA G PR R TR R BO% (J£77 30 MPa,
TRIERFTE] 30 )5 Bl JE K38 N S b ple &, IS
)y 10 ‘C/min, % 1200 CHHMREIE 2 hy o HI5H
SnO,-Bi,Sn,0- i & 5t v R I HEATHT B L M 53 - SnO,
5 Bi,Sn,O; ¥ AR B LU L 1 (1#~5#).

K FH R IR 9T Sn0,-Bi,Sn,0; M 3t £ S Ag
) SRR AR E . B ek RS 41 mm> mm [ 4R R
BT WERER B, RGO mi AR =0 B o #e s
1150 ‘CH-LRIE 30 min, DASERHIE R i Jo 75 M e 3
TR fERERA A BRSO S
00 B A VI AR

K MWLM A &tk g5 A R B be 4 T2 %
AQ/ISNO,(x)-Bi SN0 (y) L EE A4 KL . H5E, KA mREEK
& T 204 Ag/SnO,(x)-Bi,Sn,0,(y) B &k, Hr, Ag
55 Sn0,(x)-Bi,Sn,0,(y) i & b oA 88:12, #4417 A2
EREENL. FORGEREEGE, BRI 3:1, #5E 300 r/min, B
B 3 hy Hk, RIS T 264 H AgiSnOx(x)-
Bi,Sn,0,(y) Bz A K, BB & 5o 30 MPa, 7 i ]
30 s, KELSILE N 850 C, KL 6 ho Ag/SnO,(X)-
Bi SN0 ()M RHEL EL I3 1 (6#~104).

KH ZIGMA 84537 K R S W SR 6 8
LK Ag 5 EF R EIIES: KA Thermo X
TRAX B AATHAC S HT AR 2 s SR ARSI 27 4%
il f WA (OCA20) WIEIHEEMA. KH DE0K B
FEBEEFRERMNEBEMMEBEEE; XA
TCYQ-228 7 % & & f Ag FF 4 W &, R A
JF-120SD 2% B THll & % .

F1 AEER#E#RP BiSN0, B2 5 Ag/Sn0:(X)-BizSn,0x(y)
RHECEE
Table 1 Bi;Sn,O; doping amount in ceramic substrate samples

and ratio of Ag/SnOy(x)-BiSn,0x(y) (/%)

Sample Bi,Sn,0; Sample SnO; Bi,Sn,0;
1# 0 64 12 0
2# 16.7 T# 10 2
3# 333 8t# 8 4
44 50.0 ot 6 6
5# 83.3 10# 2 10

2 GRS

2.1 Bi,Sn,0; ¥k

Bl 1 3L AT 4 1 BipSn,0; ¥k XRD
Bl o eh BB T, OB R AT IR B, FLAP e,
ghmvE R4, HIOGHAMh Ak, PikEiRat.

& 2 A Bi,Sn,O7 ¥4 1) SEM [ Fr . MR T] DL H
TR BipSn O, Bkl K/ A), HIEEATF 1~10 pm,
T B I G 0 R AR IR BL I R e, SR R 2 [R] B
G RAERSRE, KA/ N R AR SR BT LR R o
2.2 Sn0,-Bi,Sn,0; E & ¥k

Kl 3a v SnO,-BiSn,0; E & ¥k 1) XRD K3 . Jir
HEAMIRMEEEIH SnO, 1 BiSn,0; F R, [t
EGRWB BRI, SN0, KR IZ K5,
Bi,Sn,O-(KIH 5 4 BSO) U SRZ W i . 1X R I 7EAL

B4aidEF Sn0, 5 Bi,Sn,0; Mk 2 (8] H K KAk
FIRR o ] 3b ORI — 2 4 Hr T A, AHEE T-46 SnO,
AT, SnO,-BiSn,0; Z A ¥k SnO, H & i i 4L
(110). (101)-5 (21L) X} B2 0 ) v A P55 7 1) A AE 24 0.2°
Mm%, XAl HE TR H Bi TBAR

Intensity/a.u.
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1 BizSn07 44 XRD 513
Fig.1 XRD pattern of Bi,Sn,O7 powders

Kl 2 BixSn,0;7 ¥y fA SEM HE Jr
Fig.2 SEM image of Bi,Sn,O; powder
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3 SnOx-BiSn,07 H &1k XRD i
Fig.3 XRD patterns of SnO,-Bi,Sn,O; composite powders (a) and its local magnification (b)

SO, M EaA% P, 3% Bt 1A 25 48 IR A N AR AR

da el A (SnOL) L SRIE A SnO,
W REURL RN 5T, RSEAE 0.2~1 pm, A3 BPE RAF, 77
e/ BRI . & 4b~4d A1 4f Jy SnO,-Bi,Sn,0; &
B RTESR R . B de Xt R 4b XIHY) EDS b 45
R EEREEA RIFMEBI5ME, DH5 Bk DL F]
EHWAXAEAE.
2.3 AEEZASIEAEMR

5 4 Ag 5 SnO,-Bi,Sn,0; H: i 1 JE 30 15 1
o MRS T. Yong 2 IRTHE, MERERINIEE S
- HH T 8] () LI R S R R R R

Osg =0 +0,,C080 D)
cos = % ~%u (2
LG

0%BSO oBSC

Hr, dse AESIHIK T, Oe FonBERAHTK T, dsL
FORMAT K T), 0 Fow [ AR T 5 WO i A
TR AR o R AR N P IR R IR, 2 6=0°
B, RoNPAHIAE AT 2 0°<0<O0 M HPIREFR A
TN 24 90°<H<180 M KPR AT N AR,

R HH ] 90 5 THI AT G 2 A 2 S K T 0 DR S
TR AN S B VR « BT 7R 1150 “C A HAL 22 B AT
BONFEE, SEFM SnO,-BiSn,0; M B3k HF ok KAk
SN, R T AR R SR . AESON EIEE RE
[E] 10 [B) ) 45 32 BRI T O AR PR i Jg, S
gt g, WK N, Rz Fmas A e,
XF LR SRR TR . A ()T A, ARSI K ST
dsc ST KT O — W, [EVEFTHITK 77 o 8K,
TR A 0 K.

Element /% at%

Sn 92.99 86.39

0 156 10.73
Bi 546  2.88

|

[0 Bi M

A AN L

0450 300
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50,0%BSO Energy/keV 83.3%BSO

Kl 4 SnO-Bi,Sn.0; A #3& SEM #E Jv K EDS /347
Fig.4 SEM images and EDS analysis of SnO,-BiSn,O; mixed powders: (a) 1#, (b, e) 2#, (c) 3#, (d) 4#, and (f) 5#
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Fig.5 Wetting morphologies (a~e) and wetting angle (f) of Ag and SnO,-Bi,Sn,O7 substrate

5a NAR B IR SnO, R IR 5 Ag TRk
RS, AN 1385 BT AEBIRE; Mk T
BRI SN0, M FE 3L iS5 Ag VR A1V A #1IC T 138
HAEBAEN 16.7%0, JEVEMAIER|H/MEN 829 J& T
TR (LB 5b); K 5e~5e 7~ N RREME 22 B 70 )
N 33.3%- 50.0%7F1 83.3%]1) SnO, M &K 5 Ag Wi 1
TENRIES, BEEGRARIS R ERIN, JEIEMA M 82 ARH Y
NZ 125 FHEE M HE AR AR IR S A

6 N Ag 5 SnO,-Bi,Sn,0, P &L i i # 1 SEM
H o BT Ag W0 5 KRB IR GBI SnO, M &k K2

[ FL 45 A RS, R IEAR R R AL, WOGiE
Xt AQISNO, Gt JZEATMEE . B 6a T AT, SAALIE S
5 Ag 2 MZERNEE, SEamERS, TR
FBEIR S ; B 6b Hh A 45 G AL WAE D B B, 456
SRFE s B 6c, 6d HHIFLIHIZE GORAESS, A BH Bk
K. BB AR 16.7%, Ag 5 SnO, M &L Kt 45
G 15, X R D B B RS AR BRI T A sk g,
flgh& IR, BN, B REL SR, BRI
K TSR AE, Ag SRR G A, RIS
KIERA

Kl 6 Ag 5 SnO,-Bi,Sn,O7 J A A I TWOML 4544
Fig.6 Cross section microstructures of Ag and SnO.-Bi,Sn,0- substrate with different BSO contents: (a) 16.7%, (b) 33.3%, (c) 50.0%, and (d) 83.3%
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2.4 Ag/SnO,(x)-Bi,Sn,O,(y)#4#}

7 &S AgISNO4(X)-BirSn,0;(y)#1E K XRD
Kltk, 7EARB BiSn0; e, HA Ag Ml SnO,
MRTSIE, BEFE BiSn0; BTG 2, SnO, IfiT5H Ik
U5 AR 55, BiySn,Oy AT St e U6 ik 328 7T 18 7

# 2 N Ag/SnO,(X)-BiSn,0(y) FL#E filkA Al f B 1k
AL R . iR 2 ATH1, KRB BipSn0; 1) Ag/SnO,
L fil AR B B 2R I8 B B RAE N 2.59 pQrem, BRT
Bi,Sn,0; 1 Ag/SnO, HL ¥z fil A4 KL 1y H BH 2 251K T
2.59 uQ-cm, HHH BiySn,O; KI5 AT LLA R FE A
AQ/SNO,(X)-Bi,Sn,0;(y) FLFE Al A KL R 22 185 Rk
BN 2%M), MOREA HL B R I B B AR 2.28 uQ-em.
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7 AfH BSO & & Ag/SnOx(x)-BizSn:07(y) Kt XRD il
Fig.7 XRD patterns of Ag/SnOx(x)-Bi»Sn,O(y) materials with
different BSO contents

%2 T[] BSO & & Ag/SnO;(x)-BirSn,0-(y) IR 1% 4k
Table 2 Physical properties of Ag/SnOy(x)-Bi,Sn,O(y) with

different BSO contents

Sample 6# # 8# o# 10#

Resistance/pQ-cm 2.59 2.28 2.33 249 257
Hardness, HV(3/><10 MPa  89.6 90.0 89.1 88.4  86.7
Relative density/% 9598 96.96 96.24 9551 94.48

Porosity/% 4.02 3.04 3.76 449 552

SR S A SR A B RS T I
BRI¥I5 2% U E RT DAAT RO AR Ag ZEAHH 5 SnO, #5541
ZIA MG AR A, TR R RESRAE G 7w, e
THOBUAE ST, AT (A A sl bR 2,

AgISNO,(x)-Bi, SN0 (y) A4 {1503 B () I S i 4
AE) T HEIRE E (po),  FIRIE A (), AUASEER
W (p), B LAT A LB FE () o

i _ Do, N Wgi,sn,0, + Dpg

(3
Po  Psno, Psisno, Pag
7 =2 x100% @)
Po
0=1-y (5

Hrr, @0, Opign0, M wag 7371179 SN0, BipSn,07 Al
Ag I &4 %, H OV SnO,. Bi,Sn,0; F1 Ag BRI %5
FE 53515 6.95. 8.27 A110.49 g/lem?,

K 8 4453 Ag/SnO,(X)-BinSn,0;(y) F #2 i iA K} H

20 um

B8  Ag/SnO2(x)-BizSn.0x(y) H ZA W7 1 5
Fig.8 Natural fracture morphologies of Ag/SnO2(x)-Bi.Sn,0-(y) materials with different BSO contents: (a) 0%, (b) 2%, (c) 4%, (d) 6%, and (e) 10%
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WIS, TLLE S|, RBIGRRET Ag/SnO,
Wi R Z LR, M52 2% ERE Ag/SnO, 11
BHUBRAEN D, I BREE SR E NI, FLERAEIZ
WZ ., WK 2 ATH, RBIRGRRET AgISnO, MR
79 95.98%, TMAESIRAE IR &N 2% I EU LI 3|
RAH, N 96.96%. Bl SRS BIGIN, BUEE R
M2 N, EB 5N 1000 50 5 H I /M,
9 94.48% . X 2K A/D BRI ISR & 1 AH S AT
MAMAGRT), FMEEGTERNRE, ILBREEMK,
HEE. L EGRE I BRI, X e aeIH
TR, I T LB .

5, Ag/SnO,(X)-Bi,Sn,0;(y) H 42 fist 1} il FF Fifi
& BiSn0; HEAMMI K RUWIE 2 Fior. 2 BiSn,07
Bk g 0%, Ag/SnO, M EMHIHEFE A 896 MPa.
Bi,Sn,0- 15 2 & 2% 144 FHig 1A 2 i =1 /5 900 MPa,
A2 4 Ak SR 3G i, MR A BE SO /MR FE R
Befadh o LTI RE IR 2 MR FLBR 2238 K, MR 3L
% FEREAG .

3 & 1

1) Bi,Sn,0; B 24t/ Ag 5 SnO, 2 A1 45 & 3,
HMGEIENE . H BiSn,O; it B4 BN 16.7 %) E 1 5
/INK 822

2) Ag/SnO,(X)-Bi,Sn,0-(y) Fi 2 fluiA Al HEL FH 28 K /N R
Ag 5 SnO,  [JER M K/ B IEAH G, A B T4l
AQISNO,, HIREKIL I BN 2%, HiPH R IA 3/ ME
2.28 pQ-em, U FEFIAFEIA B i KA, 4 04 96.96%
11900 MPa.
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Effect of Bi,Sn,0O; Doping on Interfacial Wettability and Physical Properties
of Ag/SnO, Materials

Zheng Xiaohua®, Wang Chun*, Shen Tao?, Qin Haibo®, Yang Fanger*
(1. Zhejiang University of Technology, Hangzhou 310014, China)
(2. Zhejiang University, Hangzhou 310027, China)

Abstract: Using bismuth stannate (Bi.Sn,O7) synthesized by chemical coprecipitation as modified component, the effect of Bi,Sn,O; doping on
the wetting angle of Ag/SnO, interface was studied by the sessile drop method. The Ag/SnO(x)-Bi,Sn,O+(y) electrical contact materials were
prepared by mechanical alloying technique combined with molding sintering process. The phase structure, electrical and mechanical properties of
the materials were characterized by SEM, XRD, OCA, resistance tester, hardness tester and densimeter. The results show that Bi,Sn,O; doping can
significantly improve the interfacial wettability between Ag and SnO,, and the minimum wetting angle is 82 “when the mass fraction of Bi,Sn,0;
is 16.7%. The lower resistivity of Ag/SnO(x)-Bi,Sn,0+(y) electrical contact materials is achieved with a decreased wetting angle between Ag and
SnO,. Especially when the content of Bi,Sn,O is 2wt%, the resistivity reaches the lowest value (2.28 uQ-cm), and the relative density (96.96%)
and hardness HV, 3 (900 MPa) reach the maximum value.

Key words: Ag/SnO,; Bi,Sn,O; doping; electrical contact material; wettability; resistivity
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