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Self—repairing on Steel with In—Sn—Zn Soft Metal Repairing Lubricant and Its Tribological Properties
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(a. School of Mechatronics Engineering and Automation b. School of Material Science and Engineering, Shanghai University,
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Abstract: At present, the repairing coatings formed through lubricating self-repairing technique are too thin to repair those
seriously worn surfaces. This paper developed a new type of wearing self-repairing lubricant that contained three kinds of soft
metal additives—In, Sn and Zn. The behavior of wearing self-repairing and its tribological performance on steel vs. steel plane
contact tribo—pair added with the lubricant were studied on a friction and wear tester. The main chemical elements of
self—repair surface and coatings thickness were analyzed with Energy Dispersive Spectroscopy X—ray analysis system (EDS)
and Scanning Electronic Microscope (SEM). The bonding strength of the coatings with the substrate was tested through
cooling quenching test. The results indicated that self-repairing coatings with the thickness of 30 pm were formed on the
wearing steel surface after using the lubricant, and the coatings were well combined with the substrates. The test also proved
that the repaired steel surface possessed excellent friction—reducing and anti—wear capability.
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Table 1 Mass change of the lower sample after friction
repairing

G5 MWEREENA TR R AM /mg

1 VG32 Sty —-0.36
2 WHI -0.17
3 5In20Sn15Zn +4.55
4 10In20Sn15Zn +6.47
5 15In20Sn15Zn +7.93
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Fig.1 EDS spectrum on steel surface after repairing
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Fig.2 EDS spectrum and SEM micrograph of cross—section
of coating on steel surface
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Table 2 Effect of load P on friction coefficient p

%5 #H P/N 100 200 300 400

1 VG32 il 006 009 010 0.12
2 WHI 0.07 007 008 0.10
3 5In20Sn15Zn 012 015 015 0.16
4 10In20Sn15Zzn  0.12 016 015 0.17
5 15In20Sn15Zzn  0.12 014 015 0.16
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Table 3 Wear mass loss W/mg under various loads

4 5 #HwP/N 100 200 300 400

1 VG32 S3alim +0.23 +0.23 +0.53 +0.73
2 WHI +0.27 +0.32 +0.75 +0.75
3 5In20Sn15Zn -2.47 -131 -045 -0.21
4  10In20Sn15Zn -538 -2.94 -4.22 -0.76
5 15In20Sn15Zn —7.52 —-4.42 422 277
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Table 4 Effect of rotating speed on friction coefficient

45 5 B n /(r/min) 300 500 800 1000

1 VG322 53mhy 009 009 0.08 0.10
2 WHI 0.08 007 007 0.06
3 5In20Sn15Zn 012 015 0.04 0.07
4 10In20Sn15Zn  0.13 0.16 0.07 0.06
5 15In20Sn15Zzn  0.13 0.14 0.06  0.07
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Table 5 Wear mass loss W/mg under various rotating speeds

4% 5 HEE n/r/min 300 500 800 1000

1 VG32 5ty +056 +0.23 +0.12 +0.12
2 WHI +0.76 +0.32 +0.33 +0.26
3 5In20Sn15Zn  -0.45 -0.21 -1.62 -2.96
4 10In20Sn15Zn —2.94 -3.99 -3.67 -3.89
5 15In20Sn15Zn —-3.26 —4.42 -539 -12.36
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Table 6 Results of cooling quenching test
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