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Effects of electrodeposition methods on friction and
wear properties of Ni-CeO; nanocomposite coatings
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Abstract: The Ni-CeO, nanocomposite coatings were fabricated by direct current electrodeposition, pulse current
electrodeposition and ultrasonic-assisted pulse electrodeposition. The effects of electrodeposition methods on the surface
morphology, microhardness as well as friction and wear properties of the Ni-CeO, nanocomposite coatings were
investigated. The wear mechanism of the nanocomposite coatings was analyzed using a scanning electron microscope
(SEM). The results show that the electrodeposition methods can markedly affect the grain sizes and the properties of
Ni-CeO, nanocomposite coatings. While the ultrasound is introduced in the pulse electrodeposition process, the strong
stirring action and the cavitating effect of ultrasound not only promot the uniform distribution of CeO, nanoparticles in
the coatings, but also reduce the grain sizes further, which leads to the enhancement of the microhardness of the coatings
and then improves the friction and wear properties of the coatings. The friction and wear properties of the Ni-CeO,
nanocomposite coatings are better than those of the pure Ni coating. The Ni-CeO, nanocomposite coatings prepared by
ultrasonic-assisted pulse electrodeposition, which possess finer grains and highest microhardness, exhibit the lowest
friction coefficient and the best wear-resistance.
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JE b BE AL R I R 2 300 g/l S T R AR
(Ni(NH,S03),-4H,0), 12 g/L ZALE(NH,LCI), 40 g/L
W (H;BOs), 0.2 g/L 1 —He ki iR4M (C1,HasSO4Na) .«
BHRR A FARAERAR, BIARCR 354 o SR P4 kiAE 40
nm- 20 55T 99.99%[H) CeO, 44K Mk il 4 H A2 .
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4 A/dm®s Jikah TR F U BE 4 A/dm?, ik
# 1 kHz, ka3l 0.2 68 A Sl Bk s R N 1
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FE 45 °C; HEFEHE 1000 r/min. b T 5E S EN L,
FE LI TR 40 FH L At B vk o 2% 40 N 852

1.2 PEEEMHR
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Fig. 1 SEM image of surface morphology of pure Ni coating
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Fig. 2 SEM images of surface morphologies of Ni-CeO,
nanocomposite coatings: (a) Direct current; (b) Pulse current;

(¢) Ultrasound+pulse current
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Fig.3 Mapping images of Ce element of Ni-CeO,
nanocomposite coatings: (a) Direct current; (b) Pulse current;

(¢) Ultrasound+pulse current
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Table 1 CeO, content in coatings and microhardness of

coatings
Electrodeposition Microhardness,
Coating POSI WCeO)/%
method HV
Ni Direct current 0 257
Ni-CeO, Direct current 2.69 452
Ni-CeO, Pulse current 2.98 484
Ult d+pul
Ni-CeQ, =~ ooouncrpuise 2.10 588
current
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Pl 4 7 7 kg SR 20 N 2 AN AR [ rLp R 7 il 2%
(1) Ni-CeO, AR ST A4 2 (0 BRI DN S B R o 1 ]
4 T LA H S B 2 1) R R DR ) /N 14l N 2 1,
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Fig.4 Friction coefficient and wear rate of pure Ni coating
and Ni-CeO, nanocomposite coatings: (a) Pure Ni, direct
current; (b) Ni-CeO,, direct current; (c) Ni-CeO,, pulse current;

(d) Ni-CeO,, ultrasound-+pulse current
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Fig.5 SEM images of worn surfaces of pure Ni coating and Ni-CeO, nanocomposite coatings: (a) Pure Ni, direct current; (b)

Ni-CeO,, direct current; (¢) Ni-CeO,, pulse current; (d) Ni-CeO,, ultrasound+pulse current
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