Vol.47 No.07
<740« FOUNDRY TECHNOLOGY Jul. 2026

DOI:10.16410/j.issn1000-8365.2026.5252

Sn—xBi-1Ag

1 1 1 2
(1. 410083 2. 710072)
:Sn-Bi-Ag o Sn-10Bi-1Ag  Sn-57Bi-1Ag(
,%) , Bi )
) ° ) 3-Sn
,Bi Ag:Sn ,Bi Sn-xBi-1Ag o
,Sn-10Bi-1Ag Sn-57Bi-1Ag ~32%(10 C/min)  ~22%(40 ‘C/min),
Sn-10Bi-1Ag Bi B-Sn , . Sn-57Bi-1Ag
B-Sn/Bi . ,Sn-57Bi-1Ag Sn-10Bi-1Ag s
:Sn-xBi-lAg H ; 5 ;
: TG146 A :1000-8365(2026)07-0740-08

Solidification Microstructure and Properties of Low-temperature
Sn—xBi-1Ag Solder Alloys

HU Xiaojuan', ZENG Guang', LIAO Jieli', FAN Jiangkun®

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China; 2. State Key Laboratory
of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: The solidification microstructure and properties of Sn-Bi-Ag alloys significantly affect the reliability of solder
joints. This study investigates the effects of Bi content and cooling rate on the solidification microstructure and
nanohardness of Sn-10Bi-1Ag and Sn-57Bi-1Ag (wt.%) alloys and compares their thermal stability and coefficient of
thermal expansion, thereby establishing the microstructure-property relationships. The results show that both alloys consist
of 3-Sn, Bi, and Ag;Sn phases, with the Bi content exerting a greater influence on the microstructure and nanoindentation
hardness than the cooling rate. Under two different cooling rates, the nanohardness hardness of the Sn-10Bi-1Ag alloy
increases by ~32% (10 ‘C/min) and ~22% (40 ‘C/min) compared with that of the Sn-57Bi-1Ag alloy. This enhancement in
the Sn-10Bi-1Ag alloy is attributed to the fine dispersion of Bi particles impeding local plastic deformation of the (3-Sn
matrix, providing significant reinforcement. Additionally, the mechanical properties of the Sn-57Bi-1Ag alloy are influenced
by the B-Sn/Bi lamellar spacing. Furthermore, compared with the Sn-10Bi-1Ag alloy, the Sn-57Bi-1Ag alloy exhibits
greater thermal stability but a lower average thermal expansion coefficient.
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Fig.1 Macroscopic morphology of Sn-xBi-1Ag (x=10, 57, wt.%) alloys and DSC sample preparation: (a) as-cast ingot; (b) geometry of
the disc-shaped sample for DSC testing; (c) photograph of the disc-shaped sample used for DSC testing
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Tab.1 Nanoindentation experimental parameters
Parameter Value
Maximum load/mN 15
Loading time/s 20
Loading cycle number 1
Hold time/s 10
Unloading percentage/% 90
Poisson's ratio 0.4

Thermal drift/(nm-s™)
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Fig.2 Solidification process (Scheil) of the Sn-xBi-1Ag alloy: (a) Sn-10Bi-1Ag; (b) Sn-57Bi-1Ag



( $07/2026 ,

Sn-xBi-1Ag

* 743«

3 Sn-xBi-1Ag BSE

(e, f) Sn-10Bi-1Ag, 40 C/min; (g, h) Sn-57Bi-1Ag, 40 C/min
Fig.3 BSE images of Sn-xBi-1Ag alloys at two cooling rates: (a, b) Sn-10Bi-1Ag, 10 ‘C/min; (c, d) Sn-57Bi-1Ag, 10 C/min;
(e, f) Sn-10Bi-1Ag, 40 C/min; (g, h) Sn-57Bi-1Ag, 40 C/min

2 3 EDS
Tab.2 EDS analysis results in Fig. 3
(atomic fraction/%)

Main element

Point S B Ag Phase
A 24.1 - 75.9 Ag;Sn
B 95.9 44 . B-Sn
C 12.5 70.8 - Bi
D 21.9 0.1 78.0 Ag:Sn
E 15.9 83.5 0.6 Bi
F 66.1 27.2 6.7 B3-Sn
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Fig.4 Thermogravimetric analysis curves of the Sn-xBi-1Ag alloys: (a) Sn-10Bi-1Ag; (b) Sn-57Bi-1Ag
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Fig.5 Curve of the coefficient of thermal expansion for the Sn-xBi-1Ag alloys: (a) Sn-10Bi-1Ag; (b) Sn-57Bi-1Ag
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Fig.6 Load-displacement curves and nanohardness of the Sn-xBi-1Ag alloy at two cooling rates: (a, ¢) load-displacement curves of
Sn-10Bi-1Ag; (b, d) load-displacement curves of Sn-57Bi-1Ag; (e) nanoindentation hardness
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Fig.7 Deformation characteristics of the Sn-10Bi-1Ag alloy after nanoindentation at two cooling rates: (a, ¢) BSE images of the
indentation region; (b, f) relationships between hardness and the (3-Sn orientation; (c, g) IPF-Z maps; (d, h) GROD maps
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