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The Effect of the Te on the Microstructure of Rapidly Solidification
Ag-Sn—In Contact Material
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Abstract

Contact material is widely used as electrical parts. Ag-CdO has a good wear resistance and stable

contact resistance. But the disadvantages of Ag-Cd alloy are coarse Cd oxides and harmful metal, Cd.

Then Ag-Sn alloy that has stable and fine Sn oxide at high temperature has been developed. In order

to investigate the effect of Te additional that affects the formation of the oxide layer on the surface

and the formation of oxide in matrix Ag,

we studied

the microstructures and properties of

Ag-Sn-In(-Te) material fabricated by rapid solidification process. The experimental procedure were

melting using high frequency

examined and analyzed by Transmission electron microscopy(TEM),

induction, melt spinning,

and internal oxidation. Specimens were

energy dispersive X-ray

spectroscopy(EDS) and Vickers hardness. As a result, internal oxidation was completed even at 600 C.

Te forms coarse InyTeQOg phase and makes fine and well dispersed SnO; phase. 0.3 wt% Te shows

favorable properties.
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Fig. 2. Schematic diagram of oxidation furnace.
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Table 1. Chemical composition of Ag-Sn-In

alloys(wt2s).

9 SnOz 3In:03 | 7.09 | 2.48 Bal.
9 SnOs 3203 +
2 709 ] 248 | 0.3 | Bal
0.3Te
9 Sn0z 3In205 +
3 709|248 | 04 | Bal
04Te
9 SnOz 3In0s +
4 709|248 | 05 | Bal
0.5Te
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EDS analysis from oxidized RS ribbons.

4g Lal SnLal

In Lal

TeLal

38 5. 12MOx05T #4638 -2 MappingZ4.
Fig. 5. Mapping analysis from oxidized RS
ribbon of 12MOx05T.

89

A7) AN 288 =1A, #2078 AlS, 20073 14

. smam s

b) No.d 12MOx05T

(cn204

38 6. 58 ElEe TEM Az
Fig. 6. TEM micrographs of RS ribbon.

ch TEM S| Z4 3 TEM-EDS=4
EDS¢t XRDE 3 EAdAM Rz Sn

A8 I AsEe] 2ASE AL FAsG o
1} AstEel wAstel B4 Fule 2aEe ROl
U] WEel TEM #2g Sdhol ASEE B3

st

a9 62 1HI2MOx) A2 4¥(12MOx05T)
Az gk TEM Z3Felth 1¥(12MOx) AR+
AstEe] Ag duldl MEE=2 123 v AsA 2
ZEol dE AE FAY F JATHA HA).Sn0;
£ 20 nm 9] HAYAR nAEzA A FUs)
i, Ag Wl SnO; AEERT FH

Ae HNEEe 24 Sn0; 2 BRHTHa 94). 7]
Eo 2w Fz Yoz AxY Sn0; £ F 50

~ 80 nm 2 Jehded, #4808 o439 o
% HAE AgEe 48 F Uk

223 4H(I2MOx05T) AlRE Sn AbgHE<]
100 nm AE2 19(12MOx) ARt o35 3,
1 (12MOx) Al 8o A9} 7ol %4 SnO; AHa
ol #HEHA

2|9 AW (12MOX05T) A8 A4, 4]
SnOz Ao 2 AgEE g 9ol 1H(12MOx) A=

Z A



J. of KIEEME(in Korean), Vol. 20, No. I, January 2007.

cps

~ AT L N T T
0 5 10 15 20
Energy (keV}

'\‘ Rl T T =T
5 10 15

(b) InyOs

a8 7. 4E9] TEM-EDS#4,
Fig. 7. TEM-EDS analysis of oxides.

20
Energy (keV)

Ao oA nE2A #AZEJC o
SnOp “dolvt a0z e B4 $7 98& 3§17
el v B2 24 Sn0; & A=
Ao 7Tt

4 s o] &8t &-wf(matrix)7t FCC €]
Ag ©]m Atg}Eo] Tetragenal 9] SnO; ¢ BCC
9 In:Os U2 Felgd & O]ME]'.

= 5 =2 T A
g 7e Zzbe A8 9§ EDSEA At
£ HAFa gk

S

flo o

pul

2l AT A 23

o8 8 & IH12MOx) T 4H(12MOx05T) A&
| &l Te &% WEd B2 A= 23X YeRd
Aolth, Te ©] H7EHZA @& 1H1ZMOx) A5
Ted 718 29(12MOx03T) A2 HT ¥ FE
e Botl o)AL Ted H7zlel o8 Ag el
Sn AtEtEe|u} In AHatEe] wAstn F LA ¥
A7 it skA 3H(12MOx04T) Al &L}

2

49 (12MOx05M) Al EolA & #&Fe) Te 72 <l
i Abst=E Gl Te o] WA, H==AY, s+
& AA73 A2 ‘%*M 7171 Wiel 4= 54
of Zaste AFE BYY. o AdE LA
VA 2A e FAT A% LG AHE H
o]& Aojt},

of, 5 Atstol ojxi= Te 2 et
Te 7} Ag-Sn-In oA 4taE9 A4 4
A 9&g 3] Te 7} AVMHA @2 ANEEG ¥

%0

170
*  650°C

160 o
= 150 .
0
o~ .
4 -
£ 140

.

§ 1304
c
B
£ 1204
w
2 110
2
=

100

80 T T T

No 1 Nn ? No 3 No 4
9500 +3n O 9500 4.0 950 +3n O 3500 +2in ©

a4 8.
Fig. 8.

*03Te 0 aTe +045Te

&g Teghdkel © & Hx.
Hardness of RS ribbons by Te
composition.

(a) No. 1(12MOx) (b) No. 2(12MOx05T)

O 9.

Fig. 9.

600 TelA uvirzteld F4585gE 9
Fehd o] B AL

Optical micrographs of oxidized RS
ribbons at 600 C.

o eRaAdA RN HE Ae BAe]
9ste] WRALEe) FRekA Qvhn BuslE 600
TAA WFAE & AR WARAG FE A
& sy

I8 9% 600TelA wiEAdsret 172 A2

R EX RS

& ued Aolth Te 7 WAHA Fe

I¥ (12MOx) Al89 A5, 22 iges ofid
WREAErE dojux] g2 mgRAE ®olm 9]
v oubdd, 29 (12MOx03T) AlgE &4 it
Ut dojd AL & ¢ Ao o]A2 Bi 9 4hst

g A44 97 9% 59 AW Te o B

=
o w& AgteTidMm od AzE AZ £
Aeg EAANIE Aot
% 10 2 600 ColA HEAMFF 1749 A7
o] A% ATE YE Aotk wiAzd #AF 4
o} ol AEtElR] @e 19 AlEHTF 2738 A
827} 58 AEFS Hol= Aow eyt
olf5 ek 600 T UH4ks Age Te 71 &2
2t mol A otA Aol FAd WEAEIE b



Vicker's Hardness (Hv 25g)

Fig.

&t

Ag-Sn-In A FFolA H7F 44
243 Aretebgol s zAbste o 2e 2
Zo

il

—_

=

AAste] Ag 71A &
2. Ag-Sn-Inggof 3

. Ag-Sn-InEFol TeE #H7ISHH

180

170 -
160 |
150 | / -
140 4 /
130 A /
120 /
110 /

/
100 /
90 - /

80 o

70

v T T T
No. 1 No. 2 No.3 No. 4
45N0,#3I,0, 98n0,+3In 0, 95n0,+31n,0, 95n0,+3in,0,

+03Te +04Te +05Te

2 10. 600 ColA yiAststd F£5&uEEe

A=,

10. Hardness of oxidized RS ribbon at 600 C.

ob
rir
a2
i
o
o
rlr
P
tlo
J
-9,
~

JAAAFE Afelth

o A
ag F

At

Na

Te’7l  TeO;
AEd qtEtEol A AAES
29l JEE v A A7
2 InatstE

HEH 5L,

h=
A AMOlERE

2 445l 4HTL A
AR AN dge B,
3 Tedl @o] @oldFE A28 Zr)e AR

g

05 wit% Tex #7184

+ =
gst AbstEo] Ueldth wild B aQ3g &

Tedt@ol 03 wtoe dol 7Hd Fxd A

sh
58 48 7 A
4. ARAFHAA Te & F7ps A27F TeZ A7}
A % AmpT e AEE4E vehdn
et Ted o] BolAw H&E 277t
AR 7] g 08w Fe ATEANLS et
5. TeZ @A7Istozx vlud $e &390 600 C
A= &d fFALETE 7hs st

[1]

D. N. Lee, "The internal oxidation of
Ag-Cd alloys”, J. Korean Ins. Met., Vol. 14,
No. 1, p. 20. 1976.

[11]

[12]

A7 AR BB =R A, A0 A1F, 20074 19

21 G. Bohm and M. Kahlweit, "On internal
oxidation of metallic alloys”, ACTA Met,.
Vol. 12, p. 641, 1964.

[3] Y. S. Shen, Edward J. Zdanuk, and Richard
H. Krock, "The effect of additives from
gropps IA and IIA on the morphology and
properties of silver-cadmium oxide contacts”,
Met. Trans., Vol. 8 No. 1, p. 16, 1972.

[4] WEEE, Waste Electrical and Electronic
Equipment.

[5] RoHS, Restriction of Hazardous Substances.

[6] H. Chang, C. H. Pitt, and G. G. Alexander,
"Electroless silver plating of oxide particles
in aqueous-soulution”, Mat. Sci. eng., Vol
8, p. 99, 1991.

[71 X. M. Liu, S. L. Wu, Paul K. Chy, C. Y.
Chung, J. Zheng, and S. L. Li, “Effects of
coating process on the characteristics of Ag -
SnOs contact materials”, Materials Chemistry
and Physics, Vol. 98, No. 2-3, p. 477, 2006.

[8] A. Verma and T. R. Anantharaman, “The
internal behaviour of rapidly
solidified silver-tin-indium (Ag-Sn-ln) alloy”,
J. Mat. Sci., Vol. 27, p. 5623, 1992.

[9] M. Poniatowski, E. Schulz, and A. wirths,
“Replacement of silver — cadmium oxide
with silver —

oxidation

tin oxide in. low-voltage
switching devices”, Proc. 8h Int. Conf. on
Electrical Contact, Vol. 32, p. 30, 1978.

J. W. Lee and H.-C. Lee, "Effects of
tellurium addition on othe internal oxidation
of Ag-Sn alloys”, Scripta mater., Vol. 42, p.
169, 2000.

P. B. Joshia, Prabha S. Krishnan, R. H.
Patel, V. L. Gadgeel, P. ramakrishnan, and
V. K. Kaushik, "Effect of lithium addition
on the density and oxide-phase morphology
of Ag-7ZnQO electrical contact materials”,
Materials Letters, Vol. 33, p. 137, 1997.

D. H. Cho, G. B. Kwon, and T. W. Nam,
"The effect of the sn amounts on the
microstructure of rapidly solidified Ag-Sn-
In alloys”, J. Kor. Found. Soc., Vol. 26, No.
2, p. 92, 2006.

[13] J. W. Lee, "The effect of Sn on the internal

oxidation and microstructure of Ag-Cd
alloys”, Seoul Nat. Univ. Master’s Thesis,
p. 51, 1993,



