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Design and properties of Bir SirIn ternary fusible alloys
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LI Shuncheng, LIU Zherrhua
(School of Materials Science and Engineering,
Tianjin University, Tianjin 300072, China)

Abstract: Series of BrSmrIn ternary fusible alloys were designed based on BrSn, BrIn and Sn-In phase diagrams,
and the melting temperature, phase composition and mechanical properties of these alloys were measured and deter-
mined. The results show that BrSmIn ternary fusible alloy with low content of indium consists of Bi, BSn and InBi
phases. With increasing content of indium and tin in fusible alloy, the phase components turn to Biln, Biln: and Y
(InSn4) phases. The solidus and liquidus of alloys increase linearly with increasing content of bismuth or the ratio of
Bi to In, and there is a minimum solidus at 17% Sn(mass fraction). Fusible alloys with higher content of bismuth or
higher ratio of Bi to In have a higher hardness, whereas the contents of indium and tin have opposite effect. Mean-
while the shear and tensile strengths of soldering joints can be improved by the promotion of tin content and the Bi/
In ratio in BrSirln alloy. The melting temperature and mechanical properties of 42. 6Br17. 0Sir-40. 4In alloy are
comparable to those of 50. 0Br25. OPb-12. 5Sn-12. 5Cd Wood alloy, and can be used as the material for 72 C thermal

actuator in automatic sprinkler instead of Wood alloy.
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Fig. 1 Compositions for designed
BrSnrIn ternary fusible alloys
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Fig. 2 X-ray diffraction patterns of

BrSo-In fusible alloys
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Table 1 Solidus, liquidus, melting range, hardness,
shear and tensile strength of BrSn-In alloys
; q q q Shear strength ~ Tensile strength
Sec 3 s No. of C C C
Section Sample No ts/ ul/ At/ Hardness, HV of joint/ MPa of joint/ MPa
1 80.5 91.8 11.3 13.2 51.0 42. 1
2 79.5 81.2 1.7 125 52.9 44.9
I
3 79.8 86.5 6.7 12.3 52.2 43.6
4 81.2 90. 0 8.8 12.0 49. 4 44.3
5 79.5 90.5 11.0 11.8 37.4 40.2
6 79.2 82.0 2.8 11.3 42.9 39.6
II
7 71.2 88.5 17.3 10. 5 47.5 42.2
8 72.3 83.5 11.2 10. 4 48.2 41.6
9 71.8 78. 4 6.6 10.0 32.2 35.5
10 70.2 75.1 4.9 9.2 34.1 34.9
I
11 66. 4 78.8 12. 4 8.8 36.7 38.2
12 68.2 79.2 11.0 8.7 38.5 40. 1
13 60. 1 70.0 9.9 8.2 21.2 32.4
14 59.6 61.8 2.2 7.5 22.0 34.2
v
15 60. 3 74.5 13.2 7.2 24.5 35.8
16 58.8 63.2 4.4 7.1 27.6 35.3
100
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Fig. 4 Dependence of solidus (a) and liquidus (b) of

B SnIn fusible alloys on content of Sn and ratio of Bi to In
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17. 0Sm-40. 4In &42( 10 5A4x) 5 50. 0B 25. OPb-
12.5Sn-12. 5Cd L4 G 1 & Fh g Fabn . kAl
W, 10 5 BrSwIn Zy4 G4 BN « AH 2635 5 53 5
$370.2 C.75.1 C, K49 C, FFEHBTH
72 CHfsE SRR uF ek, HIAERE | FF R4

Sk BY ) 5 B ANy o AL RS AR 2 . BRI
10 57 42. 6B 17. 0Sr-40. 4In 515 5 15 & G 0%
AT H) Br Pb-Sir Cd Zy45A &2 AT .
£ 2 42.6Br17.0Sm40.4In 5
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Table 2 Properties of 42. 6Br40. 4In-17. OSn
and 50. 0Br25. 0Pb-12. 5Sn-12. 5Cd Wood alloy

Alloy ts/ C al/ C At/ C
42. 6Br 17. 0Sir 40. 4In 70.2 75. 1 4.9
Wood alloy 68.5 72.0 3..5
Hard Shear T ensile
Alloy drHIi/ess, strength of  strength of
joint/ MPa  joint/ M Pa
42. 6Br 17. 0Sir 40. 4In 9.2 34.1 34.9
Wood alloy 9.0 36.7 41.0

1) K& B0 BrSrln 24441 Bi. BSn
A1 InBi AHZH R BE Sn W In SEMBEIN, SIEE 41
FHZ A1) Biln « Bilno A1 ¥(InSns) #4L .

2) BrSnln Sy 054 4 I AH 26 R AH 2Bl Bi
T Bi/ In MG KTMHE S, HY Sn &N 17%
Ny 4 (R AR 2 R I

3) BEEE W RE Bi & R0k Bi/ In EE 1Y
T2 3G K, EBE Sn .« In & 5 A 8E KT B B 1%
K. #5A 40 Sn =M Bi/ In, 1 GES SR
RS B B D) 0 B AN BT R R

4) 42. 6Br17. 0Sn-40. 4In = JC 5 Vi & 4 (R %
ROVIERE BB AT IR ECSL B DI R B R R
50. 0Br25. OPb-12. 5Sn-12. 5Cd AL & 4 4H 24, 75
& 72 CHZBR KK R o B 2K
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