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Table 1 Composition of Sn-15Cu-xNi alloy determined by ICP-OES

Mass fraction/%

* Sn Cu Ni Pb Sb Zn Al

0 Bal. 14.932 <0.0005 0.001 0.001 <0.0005 <<0.0005
0.1 Bal. 14.863 0.097 0.001 0.001 <0.0005 <<0.0005
0.5 Bal. 15.013 0.459 0.001 0.001 <0.0005 <<0.0005
1.0 Bal. 15.027 0.971 0.001 0.001 <0.0005 <<0.0005
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Fig. 1 Wear testing experiment with pin-on-disk apparatus: (a) Pin sample; (b) Surface morphology of 45" steel disk
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Fig. 2 Backscattered electron images of Sn-15Cu-xNi alloy: (a) Sn-15Cu; (b) Sn-15Cu-0.1Ni; (c¢) Sn-15Cu-0.5Ni;

(d) Sn-15Cu-1.0Ni
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Fig. 3 EPMA mappings analysis of Sn-15Cu-0.1Ni alloy (cps: counts per second): (a) Ni element distribution; (b) Cu

element distribution; (c) Sn element distribution; (d) Backscattered electron images
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Fig. 4 EPMA mappings analysis of Sn-15Cu-1Ni alloy (cps: counts per second): (a) Ni element distribution; (b) Cu element

distribution; (¢) Sn element distribution; (d) Backscattered electron images
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Fig. 5 Friction and wear behavior of Sn-15Cu-0.1Ni and Sn-15Cu-0.5Ni under different loads: (a) Variation of friction
coefficient of Sn-15Cu-0.1Ni alloy with time; (b) Variation of friction coefficient of Sn-15Cu-0.5Ni Alloy with time;

(c) Variation of friction coefficient with load; (d) Variation of wear rate with load
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Table 2 Brinell hardness test results

Alloy Hardness, HBW
Sn-15Cu-0ONi 18.47
Sn-15Cu-0.1Ni 21.30
Sn-15Cu-0.5Ni 19.59
Sn-15Cu-1Ni 19.09
45" steel 259.98
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Fig. 6 Friction and wear behavior of Sn-15Cu-xNi alloy: (a) Variation of friction coefficient with time; (b) Variation of wear
rate with Ni content
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Microstructure and tribological properties of Sn-15Cu-xNi alloy

GAO Bing-yang', GUO Hua-qi', CAO Zhi-giang'-?

(1. Key Laboratory of Solidification Control and Digital Preparation Technology (Liaoning Province),
Dalian University of Technology, Dalian 116024, China;
2. Ningbo Institute of Dalian University of Technology, Ningbo 315000, China)

Abstract: The microstructure and tribological properties of Sn-15Cu-xNi alloy were studied by inductively
coupled plasma-optical emission spectroscopy, electron probe microscope analyzer, scanning electron microscope,
confocal laser scanning microscope, Brinell hardness tester, and multi-specimen test machine. The results show
that the particles in Sn-15Cu alloy are the peritectic structure composed of Cu,Sn and CuSn,. Adding 0.1% Ni can
refine Cu,Sn and thicken the Cu Sn, coating layer. Adding 0.5% Ni can completely inhibit Cu,Sn and make
Cu,Sn,; more refined. The refinement effect of Cu,Sn; is reduced after adding 1% Ni. The Sn-15Cu-xNi alloy
exhibits high-load stability and anti-friction properties. Under load of 200 N, the hard particles play bearing role,
and the tiny pits formed after the soft substrate wear out become the oil storage space, maintaining the stability of
the lubricating oil film. When the Ni content is 0.5%, the oil storage pitting on the worn surface are the most
uniform, so the Sn-15Cu-0.5Ni alloy has the best wear performance.

Key words: microstructure; friction and wear; bearing shell; tin-based alloy
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