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Microstructure and mechanical properties of
C89320 lead-free bismuth tin bronze

DONG Xiu-wen, LI Yan

(Entry-Exit Inspection and Quarantine Bureau of Liaoning Province, Dalian 116001, China)

Abstract: The macrostructure, microstructure and mechanical properties of C89320 lead-free bismuth tin bronze were
investigated by OPM, SEM and EDS techniques. The results show that when the C89320 is fabricated by continuous
casting process, the microstructure mainly contains a phase, phosphorus-rich a phase, particle-like Bi and Cu;P phases.
Bi and Cu;P phases are associated with the phosphorus-rich a phase, whose morphology, size and number are related to
the composition of the phosphorus-rich a phase. The yield strength, tensile strength, elongation, hardness, compressive
strength and impact energy of the as-cast alloy are 148 MPa, 300 MPa, 36.5%, 70.5 HBW, 146 MPa, and 28 J,
respectively. The impact fracture at the room temperature is typical dimple fracture pattern and the alloy has excellent
cutting machinability.
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Table 1 Nominal and measured contents of C89320 lead-free

bismuth tin bronze (mass fraction,%)

Element Nominal Measured
d44 mm d50 mm
Cu 87.0-91.0 90.22 89.80
Sn 5.0-7.0 5.28 5.13
Pb <0.09 0.010 0.010
Zn <1.0 0.10 0.25
Fe <0.20 0.004 0.004
Ni+Co <1.0 <<0.001 <<0.001
Sb <0.35 0.008 0.014
P <0.30 0.11 0.30
<0.08 <<0.001 0.002
Al <0.005 0.002 0.001
Mn N/A - -
Si <0.005 0.003 0.002
Bi 4.0-6.0 4.25 5.13

1 C89320 JLHHET Ml ¥ ML ZHZR
Fig. 1 Macrostructures of C89320 lead-free bismuth tin

bronze: (a) Transversal section; (b) Longitudinal section
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Fig. 3 SEM images of C89320 lead-free bismuth tin bronze: (a) Low magnification; (b) High magnification
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Fig. 4 EDS patterns of various regions in C89320 lead-free bismuth tin bronze: (a) Region 4; (b) Region B; (c) Region C; (d)
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Table 2 EDS analysis results of various regions (mass

fraction, %)

Phase region Cu Sn P Bi
A 96.53 3.47 - -
B 88.32 9.64 2.04 -
C 5.21 - - 94.79
D 85.68 - 14.32 -
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Table 3 Nominal and measured mechanical properties of

(89320 lead-free bismuth tin bronze with diameter of 44 mm

Item Specified Measured  Average

Yield strength/MPa =124 150, 146 148

Tensile strength/MPa =241 304, 295 300

Elongation/% =15 38.0, 35.0 36.5

Brinell hardness(HBW) 65-85 67.3,74.1,70.1 70.5

:22223??2;2 138" 145, 147 146

Impact energy/J 199 26,27, 30 28
1) Typical value.
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Fig. 5 SEM images of impact fracture of C89320 lead-free
bismuth tin bronze: (a) Low magnification; (b) High magnification
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