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# E: Ll CuO. Fe:Os WBAAN, RIMHIIL A &b )5 75 45 A ¥ Fe B 4 -#UE T. 8l 46 (CuO, Fer05)#5 4% Ag/SnO, Hi ik
ML M X BT (XRD) . HAEHLBI(SEM). &S BEI(TEM). &) BHF A0, $3: FASORIEE R 280 I 4%
ST T AR B 2 LB Ag/SnO, LA R OW 45 M AN Bk B o 45 R 0T UK T B35 0 B A R SnO,
bih Ag AR A 454 CuO Fl Fe,O5 B — B4 T 4 SR 55 Ag/SnO, AL Ml KM T ML BE RN S e, TR &5
1) Ag-11.58n0,-0.3Cu0-0.2Fe,O5 FLEL b BL I 5 Ho 3 itk e e, FLRBHZRN 2.25 pQ-em, fliE(HVos) M 748 MPa,
FEEW T Y RN T RS54 111.4 mm*/s F1 338.6 W/(m'K)o 152410 SnO, BB HIXT Ag 34K 1713
R 62.7°, FHHIEMACREF: SnO, 5 Ag WRLZ A AR & RAF, SnO(200) 5 1H 55 Ag(111)d 1HI ¥ 5 1T ks B G B2
14.25%.

KA Ag/SnOy: HIEMAMEL: —JtBdy:. R4 G ERITBER
PEESES: TB333 XEAFRIREG: A XEHS: 1002-185X(2020)07-2494-07

45 Ag/CAO FLHE Ml Rl B 176 A8 F I 2 45 7
A B Cd 28 W IR - Ag/SnO, FLFZ il #4 k)
L BLAT R AP (T TR Tl e o P e i v B 4%
M, BN B AT A5 A Ag/CdO HaL 42 fl B RE (1) 37 784 fi
Stz —U21 {0 Ag/SnO, HLEE il A4 K] £ FL IR 22 Ik A
T SnO, & 5 5 Tl Sk R 0T, A4 fiok el PSSO L R
Pem . HAMERRAE 2. S5 SnOy 1A Ag FEAAAH I
T P 22 A5 R 22 B 8 Ag/SnO, HLEE Ml A4 K] 9 ) v
i, I TvEREZ, & e 2 2 T AR R BT,

H A1 3= 22 il e 4 2% R T o e > PR AL e
Bk, JEH A AE Ag/SnO, HLIE AR Rl T in A B
Z 7 T 3 Al Sk 4L £ g 2 BEE B R el b LA
H AT E 2 BB 20 M 2B A Inp05. Bi,0;4 La,05. WOs.
Mo0O;. CuO %8,

20 422 90 4EAR, H A TANAKA 2 U913 56 4 i
T In B2 Ag-Sn0,-In,05 LA R, T Ag
X SnO, IR P, AR LGS T Ag/SnO, HLEE AL Kt
TR, fid RSP SnO, By R AT WOs.
Bi,0;+CuO F [ i AL #H, I BiyO5+CuO e P 1] v
Bk SnO, ISR A1, 10 WO S0P ) 5 35 2 35 Ha ik
RS RTTAL . T HEP DR A2 L Tie vk 6l

Fs BHEA: 2019-07-20
EEWHE: Wil E sk i-% DI HE (2018C01127)
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N LR HLER, A BRAR AR AL (CuO, Fe,03) - JuiB 241
P )4 255 LA
1 % I

PLHK DY A6 (SnCly-5H,0) i 5k, NH;5-H,0
I REF, F Ak 22 LT A BURLIR 1Y) SnO, 4K Ky
7, KifRZ 4 20 nm. LL SnO, ¥y & K #9584, CuO.
Fe 03 NB AU 4L 0, 12 Ag ¥ (99.99%, Fife<74
pm) A BEAR AR, SR LB 5 A 2T %63 300 r/min.
BREFLE 3:1. BREEE 4 h & T HIE Ag-(12-x-p) SnO»-
xCuO-yFe,0; H & #i 4k, AL F b i 1 iR (1#~4#
FEdh) o Bl 5K 2 AR AR ZE 4] (1000 MPa). #)4E(900
"C/6 h). #JE(300 ‘C/800 MPa, {4 )k 30 min) L & T
R SFH #11.0 mmX1.0 mm ) Ag-(12-x-)SnO,-
xCuO-yFe,O5 HLEEflAFRL,  FH T

FEIC b 55 W B fulob BHAR R SnO,. CuO Fil Fe, 05
¥R FR MU A 4 T 2173 Sn0,-CuO-Fe, 05 1Y
SRAHE AR (SH ~ 8#, WK 1), SHEIA. kedh T
2 I I . BRSE RSB . S, ETEE
FHAH(Z) 150 mg)if 30 M 8 2 v b N ey il HL B g
In#E] 1050 C(Ag IR 961 C)HIHLRIEL 30 min
DAAE AR B i Jo e B B 5 i B i . RE R A
HB Z 5 I A

KM X G2 411X (PANalytical B.V., Empyrean
200895) % My AR HEAT M AR 73 H, FAHE AL 10°~90°, 41
A 29/min. K 45 A 37 KRB (Z IGMA) X
Ag-(12-x-y)Sn0,-xCuO-yFe, 05 HL 2 fil A4 41 BEAT HO0 T
FMEE . K MH-6 B4 [CRE ST e M R (3
A7 4.9 N, 5] K A HE 7K V0 0 8 L A A ) 11 25 1
K15 Z B A (Netzsch LEA457)30 8 H 4% fid b4
B #y i R M5 %, KH Mini Cryogen Free
Measurement System (Cryogenic Limited, UK)X} HE %
fiko b RE AT B R o SR FH AW AN A ke £ 0 R A
(OCA 20l 53 ¥ 11

F1 RWELLAE
Table 1 Design of mixing proportion (w/%)

Sample Ag SnO, CuO Fe,05
1# 88 12 0 0
2# 88 11.5 0.5 0
3# 88 11.5 0 0.5
4# 88 11.5 0.3 0.2
5# 0 100 0 0
6# 0 95.83 4.17 0
TH# 0 95.83 0 4.17
i 0 95.83 2.50 1.67

2 HEREQH

2.1 S5k XRD 5 SEM RIE

K1 &Rk A XRD B3, 76 B 5 2 S 0k
MELHN G 8 Ag Fl SnO, IATHE, (A% HIL CuO,
Fe,0; MIfiTHf U, XA REH & EBMKAH K. WP
Scherrer 731

D=KA/f-cosbf (1)
A, Ky Scherrer 4L, D &k 3 H 1 5417 )
(73 JE B (nm)s Bk SICINFE S AT S e e R, 0
NATRAGATH A, A X EBHK, 75 20=26.58°Ck
VT~ SnO,(110) il 1) 1T V1 5545 31 SnO, 1Y 58 AR A 44 i kr
JATHIFEIME LR 22.6 nm. A 2a T SnO, #4& — 1K
WL PB4, SnO, ki 7 hBkIE, H /N5,
AFAE IR IS, SR RSEAE 20.0~25.0 nm 2 1], 5
Scherrer 2 2 UH 575 21 (1) i i R ST AR

X EE Ag-(12-x—y)Sn0,-xCuO-yFe,05 Hi 4% fisl A4 )
R A T O P R 3 I (] 2b~2d) RT A, R S
2 P LA L ) SnO, FURL 5 Ag B A i S 1 Ak
BIH I R) “HR I (B 2e. 2d). XKl 2¢
R IX IR A JE4T EDS (40 B (B 2e), KB SnO,
ORI A L H IR A T A DX o 5 5 T U H P 1 1B
R Al AL, IR G X P T B T Ag Al SnO,
Z AR o A3 TR A DX H B RT B8 2 bl T AR ORI I ] g
JERSEEAERT , s ok SnO, Pk 5 Ag K&
M i A A3 1 o0 B85, JLrhi 43 SnO, 40K ok f JL
INRSFRIBRAE NG R Ag TR T Ag FERH AR,
i K RSE SnO, MUEERARR SR RN, R bEE Ag
SEARBE MR T Ag SeA, TERR “HERAK 7 Xk,
X ISR S, Ag FEAR S SnO, Btk [H]
(14 F T 2 B IR K 23
2.2 HIEMMEIRYIEMEES ERYE ST

# 2 ZIHT Ag-(12-x—y)Sn0,-xCuO-yFe,05 HiL$%

—— 4#(Ag-11.55n0,-0.3Cu0-0.2F 0 )

* Ag —— 3#(Ag-11.55n0,-0.5F¢ 0,)
+ SnO, —— 2#(Ag-11.5510,-0.5Cu0)
- s —— I#(Ag-12810))
—
) &% —So.
3 + ¢ . L L)
<
°
E n S
% A ke
E L L "
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o
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Bl 1 Ag. SnO, B AMAK XRD &%

Fig.1 XRD patterns of Ag, SnO; and composite powders



2496 -

Wit Elm A RS TR

49 %

Component
mixing zone
50 pum

el EE
i g

K2 SnO, ¥tk — Ik i 7 FEHM Ag-Sn0,-CuO-Fe,05 FLE AN BEHEA T T HUH L7 TR S L KI8T 2¢ X35 A 1) EDS JG3 M 43 4

Fig.2 Secondary electron morphology of SnO, powders

(a), back-scattered electron morphology, of cross-section for

Ag-Sn0,-CuO-Fe,0; contact materials (b~d), and EDS mapping of zone A in Fig.2c (e): (b) sample 1#, before hot pressing;

(c) sample 1#, after hot pressing; (d) sample 4#, after hot pressing

il A4 R 22 B B BB Z5 . tHER 2 A%, CuO
BIAT B T BEAG Ag/SnO, HL 42 fil A4 % 11 R BH 2 R i
J%, 1M FeyO3 #5245 BEAK Ag/SnO, HiL 42 sl A4 44 1) H BHL
FAEH AW . CuO Fl Fe,O3 4515 2% vl LUt FRAI
Ag/SnOy HLEZ MM KW LB R (n[iX 2.25 pQ-em), [A]
I, HAHEHV )W EEE 748 MPa. 1T Fe,0; 11
(524 g/lem’) Al CuO (1% )% (6.32 g/em’) ¥/ T
SnO, M % J¥ (6.95 g/em’), FT LLAS [A) & 4% b 1
Ag-(12-x-y)Sn0,-xCuO-yFe,05 HL 3 fil £1 Kl () % J& 17
TERCKZE 5t o

Kl 3 Ag-(12-x-y)Sn0,-xCuO-yFe,05 H1 3% fili 1
BHEA FRRE T A SR EC R HGRN:

a=A1/(pc) (2)
X, o WY ECREL m¥s; 2 AT E, W/(mK);
p HATEHEE, keg/m’;s ¢ MEHAZ, T(kgK).

# 2 Ag-(12-x-p)Sn0,-xCuO-yFe,03 B # il i1 $3} iy F A
IR TERE
Table 2 Physical properties of Ag-(12-x-y)Sn0,-xCuO-yFe,03

electrical contact materials

Sample 1# 2# 3# 4#
Resistance/puQ-cm 2.43 2.41 2.44 2.25
Hardness, 875 783 866 748
HV0_5/MPa
Densigl/ 9.670 9.534 9.437 9.439
g-cm

Relative density/% 97.74 96.43 95.60 95.53

Specific heat capacity/
J(gK)'(RT)

0.274 0.263 0.317 0.322

Note: Theoretical densities of electrical 1#~4# contact materials

are 9.894, 9.887, 9.871, and 9.881 g/cm3, respectively
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P 3 w5, Ag-(12-x-y)Sn0,-xCuO-yFe,05 Hi %
AR PR AR 1R OR3P T v T B o
X EE TR B R A R R, RS A e
B L P38 RN, VRN 14, 2#, 3#HLEE
fik A 1 1 FAY R B ) — i 8 N o B R R R T
3# FLAE MR RL I EE A B SO T 1. 24 R fulobt )
(WA 2), PriL 3#ri et Bl i #3328 .

At HL B R e ) A R BSORT R ) KT [
— RN A 3 R LR AR R, LA SR N AT
REFN G Z 45K 111.4 mm?/s F1 338.6 W/(m'K),
Bt R 2410 1#(Ag-12Sn0,) ML £ fil 44 L &5 16.6% Al
33.7%, XHHESHBIET Ag-(12-x-y)Sn0,-xCuO-
yFe 05 FLFZ A BL I S IR REE T 8ORHET . A4l
1 5 B 2% %2 £ (Wiedemann-Franz Law) ( Rl /E 45 52 i
EF, &EMEHREROEEHEER0)Z AN
HEO:

Mo=LT (3)

S PP BE BRI I Ag-(12-x-1)SnO,-xCuO-yFe,05
A L, LStk RE L, X5ER 1 HEMSR
FHEEDUE . RAFHSAERE (Rl SR M m g §UR
H0O A By T A0 A FH G R v A bR HEOR LI AR ) R
ML Ag-(12-x-y)Sn0,-xCuO-yFe,05 L 4% fill 44 K}
(1 HL 5 1

» —=— 1# (Ag-125n0)) a
NE 110} —o—2# (Ag—]l.SSnOI-O.SCuO)

§ —a—3# (Ag-11.55n0,-0.5F¢,0,)

8 —v— 4# (Ag-11.58n0,-0.3Cu0-0.2F¢,0,)
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Fig.3 Thermal diffusion coefficient (a) and thermal conductivity (b)
of Ag-(12-x-y)SnO,-xCuO-yFe,03 electrical contact

materials

* 3 H Ag-(12-x-y)Sn0,-xCuO-yFe,05 HiL#% il hf
BB FIRE S ERITB R . BRS8N 2
AR T, BAUTREE, (12 CuO ALk
SnO, fl Ag (R, BT LAY 1#HEflobh BHARLE, 2#
HL 2 FlRA ) ) 280 AL - R 5 RN EE IR I 2R B W Tl B
SHHEFLAM R BIR TR LN 1Hr A R 68
%, IX 2 K A Fe ) HLA0PE(1.83) b Cu(1.90) 11 Sn(1.96)
I, EARZRELY, BB FIKRE: E58R10
AR R, LB IR AR A K, R RIEH &
AHEC T 1Al R, $28 T 20 140 £5 . R4 A (4):

O =neu, + peu, 4
A, o HHFE, n N TR, 1 WERKITIBER,
e MY, ATLUE SR BOR KR I R
TR M RA R IE L, DL 44 H B2 il b4 kAR b T 2 At
3 AR, ARSI TR, 5K 14
AHEDUE .

2.3 SISEECE RABAREIELTE S

48 1#. A RLRT 44 AR AR 1) TEM H]
Jro Kl 4a Fl4b r, (IR 0237, 0.264. 0.335. 0.231
nm ¥ & 18 73 6 4 20 40 B 45 09 SnO, 1) (200)(101)
(110)(11 1) T, Ag(111)da T FIAEE A 0.236 nm. & 4d
HOILEE 2] CuO FURLIKI(110) T - & 4a 1 A 4L (1) SnO,
fioRL 2 A AE B S 54 1HT, 1fT B AR SnO, Ak 2 R) St T
BEGS, XA T T AL R .

WK 4b v LR IL: Ag 5 SnO, 2 W] TG BH 2 St 1
Sia GO R, XA T RERAC A AL, 1R
Ag-(12-x-y)Sn0,-xCuO-yFe,O5 LM AT B 1 T L 7
HPERE: Ag(111)A SnO,(200) /4 1l S A% X &, HifA]
FRZ3 5002 0.236 1 0.237 nmo AR 4 A A G RE )
2 WS Bramifit A7

x100% (5)

K, (hkl)g S ARTR AR s [wvw]s N (hkD)s 11
RIBE W5 (hkD), IFFTERZA AR IR BN T s [wvw],

3 Ag-(12-x-y)Sn0,-xCuO-yFe,0; B IZE A #} B9 R iR
ESERIBE
Table 3 Carrier concentration and Hall mobility of Ag-(12-x—y)-

SnO;-x CuO-yFe,0; electrical contact materials

Sample No Carrier Hall mobility/
P " concentration/x10* em™ cm?(v's)”
1# 5.49 64.0
2# 11.4 249.5
3# 375.0 64.7
4 5.57 9135.2
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49 %

3 nmg 3
SnO,(101 :\

0.237 nm

Sn0,(200)

| d=0.212 nm
Sn0,(210)

d=0.231 nm
SnO,(111)

%
d=0.278 nir
CuO(110)

“d=0.264 nm

/SnO,(101)

Kl 4 Ag-(12-x-y) SnO,-xCuO-yFe,O; 14, 4#F MR 445 583K 1) TEM [
Fig.4 TEM images of Ag-(12-x-y) SnO,-xCuO-yFe,O; electrical contact materials 1# (a), 4# (b), and 4# composite powders (c, d)

K5 Sn0,-CuO-Fe,Os MUt AH 5 Ag 2 [H] TR A P 22 1
Fig.5 Photos for the measurement of wetting angle between SnO,-CuO-Fe,0; and Ag phase: (a) 5#, (b) 6#, (c)7#, and (d) 8#

K (hkl), FRARAREL S 7] o AT 2800 m) F ) Jt - 1]
s 0 Kuvw] Flluvw], Z RIS . A LA ECE N
14.25% (<15%), W] Ag 5 SnO, F1H 45 & B Uf .

Kl 5 24 Sn0,-CuO-Fe,0; #5AH 5 Ag I¥3E ¥ £
R . wlilAE s#. 64, TH. SH#ISRAE Ag (T
TEYR A 409 4 130.8°, 88.0°, 91.2° 62.7°, iX it ] CuO
M Fe O3 1E B — B2, BInJ LA SnO, Bk
Ag JEARIIIRYE, 11 (CuO, Fe,05)K &8 4 v

A — AR Tt

FERT A, SN R LR I T g YRGET, K
eI SR R AT R T URIER S I A N
WIS SO, R R ARE

Wy=o0,+0,-0y (6)
K ogs o, og 28R WO B K T,
AW 7 FE AT

o, =0,+0,cosb (7)
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W,=o0,(1+cos8) (8)
r 3 (8) A I £A Bl AT 401, SnO, B siAH 43545 Cu0 5
Fe,O5 U AL 315 m A 28038 ORI T Wy, RSBy g
(38 InAT BhF 20 SnO, B S AHAT Ag JEAA 2 1] (1) S i
TSR, BT T VRS 4 G o o SRR AR H 2 ke
WA e} ke Sk 2 T8I 114 A v LA T LA S 2 A

3 4 it

1) UL Ag-(12-x-y)SnO,-xCuO-yFe, 05 Hi % fiil
MR Ag JEVRRT SnO, 34 5 AH (19 A 1H 45 A 159 21 9 2
M .

2) BEBIREENTE Sn0, 5 Ag KK AL i
HEYE, SnO,(200) ST 55 Ag(111)/ T FA &A% 5 Tid IR
R4EA BIF. Ag-11.5Sn0,-0.3Cu0-0.2Fe,0; Hi 4% i
PRSI B G R R E RIER R, T B AR
)T i AR .
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Physical Properties of Ag/SnO, Electrical Contacts Materials with Co-doping of CuQO
and Fe,0;

Zheng Xiaohua', Wu Junchen', Wang Guicong', Wu Xinhe?, Shen Tao®, Qi Gengxin?, Yang Fanger'
(1. Zhejiang University of Technology, Hangzhou 310014, China)
(2. Wenzhou Hongfeng Electrical Alloys Co., Ltd, Wenzhou 325603, China)
(3. Zhejiang University, Hangzhou 310027, China)

Abstract: MeO-doped Ag/SnO, electrical contact materials were prepared by mechanical alloying combined with cold
pressing-sintering-hot pressing process with CuO and Fe,O; as dopants. Microstructure and physical properties of the electrical contact
materials with different dopant contents were characterized by X-ray diffractometry (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), metal conductivity tester, thermal conductivity meter and Hall Effect tester. The results show that
the use of hot pressing process can significantly enhance the bonding strength between SnO, particles and Ag matrix. Meanwhile, the
single doping of CuO or Fe,O; can improve the electrical performance and thermal conductivity of the MeO-doped Ag/SnO, electrical
contact material. When co-doping of CuO and Fe,Os is used, the Ag-11.5Sn0,-0.3Cu0-0.2Fe,0; material present the optimal electrical and
thermal conductivity with electrical resistivity of 2.25 pQ-cm, hardness (HV(s) of 748 MPa, thermal diffusion coefficient of 111.4 mm?/s
and thermal conductivity of 338.6 W/(m.K) at room temperature. A smaller wetting angle of 62.7° between Ag droplets and the (CuO,
Fe,03)-doped SnO, powders is observed, indicating a better wettability, and the interfaces between SnO, and Ag grains are well-combined
with a lattice mismatch of 14.25% between SnO, (200) and Ag (111).
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