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Fig.1 TEM images and grain size distributions of electrodeposited Ni coatings: (a) bright-field image and selected area electron

diffraction pattern, (b) dark-field image, (c) grain size distribution of electrodeposited Ni without flexible friction; (d) bright-field

image and selected area electron diffraction pattern, (e) dark-field image, (f) grain size distribution of electrodeposited Ni with

flexible friction
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Fig.2 Nanoindentation curves of two electrodeposited Ni coatings: (a) UFG and (b) NC
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Fig.3 Friction coefficient variation of two electrodeposited Ni
coatings at different load: (a) UFG and (b) NC
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Fig.4 Wear depth (a) and wear volume (b) of two electrodeposited

Ni coatings at different load
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Fig.5 Wear morphologies of two Ni coatings at different load: (a) UFG, 1 N; (b) UFG, 3N; (c) UFG, 5 N; (d) NC, 1 N; (e) NC, 3 N; and
() NC,5N
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Fig.6 Magnified wear morphologies of two electrodeposited Ni coatings at different load: (a) UFG, 1 N; (b) UFG, 5 N; (c) NC, 1 N; and
(d)NC,5N
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Table 2 EDS results of point 1~4 in Fig.6 (w/%)

Points Ni Fe o C
1 67.68 3.67 23.06 5.58
2 69.39 1.96 22.48 6.16
3 59.25 9.58 24.76 6.41
4 79.37 1.78 12.89 5.96
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Comparison of Tribological Behavior between Ultrafine-grained and Nanocrystalline
Ni Coatings by Electrodeposition

Lv Biao'?, Wang Xiaohe?, Hu Zhenfeng?, Xu Binshi?
(1. Northeastern University, Shenyang 110819, China)
(2. Academy of Armored Forces Engineering, Beijing 100072, China)

Abstract: Ultrafine-grained and nanocrystalline Ni coatings were prepared without/with a flexible friction assisted electrodepositing
technique from the additives-free Watts bath. The microstructure, nanoindentation mechanical properties and dry friction and wear
behavior of both the deposits were comparatively studied. The results show that nanocrystalline Ni has much higher nanohardness, elastic
modulus, the ratio of nanohardness to elastic modulus than ultrafine-grained Ni. The wear mechanism of both deposits is mainly adhesive
wear, but the tribological behavior is different due to the load discrepancy. At low load (1~3 N), nanocrystalline Ni has lower surface
roughness and relatively smoother worn surface, resulting in a lower coefficient of friction; however, at high load (5 N), nanocrystalline
Ni has a relatively coarse worn surface as a result of loose oxidation worn debris, causing a higher coefficient of friction. At all the testing
load, nanocrystalline Ni possesses much smaller wear depth and wear volume, and much better wear resistance.

Key words: electrodeposition; nanocrystalline; ultrafine grain; nanoindentation; friction and wear
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