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Influence of tin on improving bonding interface and
performance of lead-steel laminated composites

LIANG Fang, ZHU Pei-xian, ZHOU Sheng-gang, SUN De-lin, MA Hui-yu

(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Tin was introduced as the transition constituent to solve the combining problem of lead-iron interface. The
morphology and distribution of elements on interface were studied by scanning electron microscope and energy
dispersive spectrometer. The physical and electrochemical performances of the composites were investigated by
three-point bending test and linear sweep voltammetry. The results show that the lead-tin-iron composites with
metallurgical-type interface can be prepared by diffusion sintering with pressing in vacuum. The polarization potential of
the composites electrode is lower than that of Pb-1%Ag alloy electrode by 80 mV, the activity is eight times higher than
that of Pb-1%Ag alloy, and the strength of the composites is higher than that of Pb-1%Ag alloy by 44.1%.
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Table 1 Physical property comparison between Fe and Pb

Element Lattice Density/ Resistivity/ Modulus/
parameter/nm  (grcm ) (nQ'm) GPa
Pb 0.4949 11.33 20.65 16.46
Fe 0.2863 7.86 0.097 200
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Schematic diagram of structure of lead-tin-iron

composite sample
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Fig. 3 Positions of EDS analysis of lead-tin-iron composites
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Fig. 2 SEM images of Interface morphology
diagrams of lead-tin-iron composites: (a) Sample
a; (b) Sample b; (c) Sample c; (d) Sample d; (e)
Sample e; (f) Sample g
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Table 2 Results of elemental analysis by EDS

) Mass fraction/%
Point No.
Pb Sn Fe Ag Cu
1 100 0 0 0 0
2 39.76 0 0 53.12 7.22
3 81.37 7.72 10.91 0 0
4 10.76 2.57 86.67 0 0
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Fig. 4 Interface elements distribution of sample along normal

direction
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Fig. 5 LSV curves of lead-tin-steel laminated composite and

lead alloys
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Fig. 6 Stress—strain curves of samples after three-point

bending testing (Samples 1, 2 and 3 are lead-tin-steel laminated

composites prepared at 220, 230 and 240°C for 2.5 h,

respectively.)
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Table 3  Strength results of three-point bending

Sample No. Bending strength/MPa
1 113
2 107
3 100
Pb-1%Ag 77.7
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