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Effect of Cu-doping content on the properties of Ag/LSCO electrical contact materials
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Abstract: Lag 5Sr)5C003.5(LSCO) powder was synthesized by sol-gel method and subsequently modified
with Cu powder via high-energy ball milling process, and from Cu-modified Ag/LSCO powder a series of
electrical contact materials including sheets and wires were prepared by powder metallurgy process
combined with hot extrusion technique. The influence of Cu content on the interfacial wettability, physical
and mechanical properties of Ag/LSCO materials was explored. The results showed that with the increase
of Cu content, the resistivity of the modified Ag/LSCO-xCu (x=0, 1, 2, 4, 6, 8) material presented a rising-
declining change, consistent with trend in wetting angle changes between Ag and LSCO substrates. But for
the change of density and hardness of Ag/LSCO-xCu, an opposite trend was observed. With a content of Cu
at 4%, the wetting angle between Ag and LSCO-4Cu substrate reached a minimum value of 55.0°, and the
modified Ag/LSCO wire (¢2.35 mm) displayed the best performance with the resistivity, hardness and
density being 2.29 puQ-cm, 946.7 MPa and 9.73 g/cm’, respectively. Moreover, its corresponding break
elongation reached up to 3.9%, 3.9 times that of pure Ag/LSCO wire.
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A (0 2 2 3R [71)=99.9%, RLEE 200
H, WHERMNEZFBTAEEBRMAERAT). HR
i 75 K EP(p(Co(NO3)3-6H20)=99.99%), il I 1
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1.2 Cu i LSCO ¥k i) %
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P10 min BEAE R TGRS ERT R EBE
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1.3.1 P& i) 2%

FERIRAI T2, BL LSCO-xCu M A 4 %51
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kS o I e BRI FE( A 800, 840,
880 900°C), fill#H K% Ag/LSCO-xCu FHLEZfbf
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Fig.1 XRD patterns of Lao.sSro.sCoO3 and Ag/Cu-doped LSCO composite powders
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Fig.2 SEM images (a~c) and element mapping images (EDS, d) of powder samples
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Fig.3 Wetting angle images between Ag and LSCO-xCu (x=0~8) substrate
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LSCO-1Cu. LSCO-2Cu P % 3 J&< [a] FITEVE M, 1
BT LRI, 24 Cu BAERVNRE, THEEMATE
AW, AH B AR AT A A ZEVRRAS . B 3(d)
N Ag Fl LSCO-4Cu & [F] FIEVE A, LREHIENE A
B FRE 55.0°, FidE Cu B2 LBl 4k S48,
Ag Fll LSCO-4Cu P & HE I HIEIE /1, A 35 n,

F 1 NABLEERET Ag/LSCO-xCu BEHlb BT B f8

{EIEEAS (B 3(e~). ZE LWTHN, EEA Cuss
(4%) 2 LSCO B S Ag FeAhZ [AIHHA R & i
e,
2.3 Ag/LSCO-xCu BB R 1) M R
VBRI R VE O FR A R RE R 25 1 ELHE Y
S —. FHEREERBEM R BEE T 2644 T 6
Ag/LSCO-xCu HLEEfM B}, % Cu & &, HEhild
JEXT Ag/LSCO M RMEVERERI R, 45k 1
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Tab.1 Physical properties of Ag/LSCO-xCu electrical contact materials at different sintering temperatures

VIR PR E/PC Ag/LSCO Ag/LSCO-1Cu  Ag/LSCO-2Cu  Ag/LSCO-4Cu  Ag/LSCO-6Cu  Ag/LSCO-8Cu
900 2.64 2.58 2.52 2.35 2.43 2.54
EN iz 880 2.63 2.57 2.5 2.34 2.41 2.52
/(uQ-cm) 840 2.67 2.63 2.54 237 2.44 2.56
800 2.72 2.69 2.62 2.40 2.51 2.60
900 9.05 9.12 9.47 9.65 9.58 9.59
wRE 880 9.15 9.29 9.54 9.70 9.61 9.65
H(g-cm?) 840 9.08 9.11 9.43 9.64 9.56 9.58
800 8.85 8.90 9.16 9.48 9.41 9.42
900 665.42 723.24 743.82 782.04 722.26 693.84
i i 880 675.22 731.08 746.76 784.00 725.20 705.60
(HVo3) 840 654.64 720.30 741.86 776.16 710.50 698.74
800 606.62 674.24 691.88 721.28 664.44 668.36

XLt Ag/LSCO-xCu MEHIWFFHZ . i 1 7]
S, R A U P 1 v pLBH 6 2 SN S K
B EHAD KA, 880 °CE1E R R4S 3RIGH
Ag/LSCO-xCu MBI RILH BRI I Z . kedh

IRFEAEIR, Cu I INZ{E Ag/LSCO HiLFfilbA bl
( FBE RN, B Cu 7 SR 2 sl 1K
% Y Cu BAEN 4%0, Ag/LSCO-4Cu #4
L HE B R TE B f /ME (2.34 pQ-em). X EEIHF
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X FEAA AL 2 FORE B AR . R 1 AT, Y
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I, Ag/LSCO-4Cu F MYy #tERefefE, HFHZE
2.34uQ-cm. H#JF 784 MPa. J¥ik 9.70 g/em®s H:
Fr I B ALV RE F EA R T Ag 1 LSCO-4Cu AH
Z A S R i AR 1 o
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Fig.4 Fracture morphologies of Ag/LSCO-xCu electrical contact materials
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mm) [P EEE B A -

R 2 WA, BEE BRURIE RGO, B
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THERAPRE BB TR AN T, W b 22 PR B AR AN W
BAARDO, b4k, X EE Ag/LSCO Fl Ag/LSCO-4Cu Ji%,
n 22 [ ERPE RETT LRI, Ag/LSCO-4Cu Jtfih 22
P BEPE RE R B SE A v, JLHEBHZ 229
uQ-cm, % 9.73 g/em’, T E(HV(3)946.7,
W E s LY, 5 Ag/LSCO MtL,

Ag/LCO-4Cu il i 22 ifihi s BERS A S iy, TS 4
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%1 F RIS Cu BN Ag/LSCO B Ml R FE M A8 1 5 21
# 2 Ag/LSCO 1 Ag/LSCO-4Cu i\ 22 B it B
Tab.2 Phisical properties of Ag/LSCO and Ag/LSCO-4Cu finished wire
A g 2
i PERESRIT Rt 13.5% 24.5?/\3{%/?;.5% 36.5%
Prhi s/ MPa 251.1
W7 f A A 2R /% 1.0
Ag/LSCO FA PH %/(uQ-cm) 2.31 2.36 2.38 2.43
R /(g/em?) 9.36 9.41 9.5 9.52
T (HV 0.3) 1079.0 983.9 951.6 904.5
b £/ MPa 268.0
W7 f A 2R /% 3.9
Ag/LSCO-4Cu FAL B 2 /(pQ2-cm) 225 226 2.28 229
¥ /(g/cm®) 9.38 9.5 9.7 9.73
T (HV 0.3) 1089.8 1045.7 1032.9 946.7

i

1) RAGRE RS G SReRE T2 6m T A
A BURDRAN RIS TR 30 ) 2tE LSCO-xCu ¥ A4,
WHARBIRL BN 2~3 um, AR ELAEAN 20~40 um.

2) fEH AR KA — W, B bS5 R R
I, Ag/LSCO-xCu HL4Zfil 4 L AR PH R 3 2 26 R
Fefa BRI, TR IR 880 °C, kedh
ISF 18] 6 h 251 T 3RAF K HL P 2

3) Cu REUSH] SLEkE Ag/LSCO HLifidt Rl
MHRELERE . B Cu =M, Ag/LSCO-xCu
PR FL BE 2 St sk /N J 36, T AR P S 18
JEW/N. Y Cu HEN 4%, Ag/LSCO-xCu #1E
PR IS e fE: FFHE N 2.34 pQeom, B E
(HVo3)H 784 MPa, %1k #] 9.70 g/em’,

4) AHEE Ag/LSCO il 22, Ag/LSCO-4Cu i
22(2.35 mm) B ) e R AR, A AR
N 229 uQ-cm, TN 946.68 MPa, %A 9.73
g/em?®, [AI}, Ag/LSCO-4Cu MKW i ik fi ik
3.9%, A Ag/LSCO 3.9 fi5, XEEIHHT Ag Al
LSCO-4Cu AHZ [HJ A 1 R B TR R .
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