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Abstract: The effects of pulse frequency on the microstructure, corrosion and wear resistance properties of a

nanocrystalline Ni coating produced by high frequency pulsed-electrodeposition technique were studied. The corrosion

behavior of the Ni deposit was also evaluated by polarization curves and electrochemical impedance spectroscopy (EIS)

in 50 pg/g potassium chloride aqueous solution with at room temperature. The results show that the grain size of the Ni

coating is refined with the increase of pulse frequency from 30 to 100 kHz. The charge transfer resistance and

self-corrosion potential of the coating are increased from 1.97x10* to 6.56x10* Q-cm? and from —551.41 to —420.28 mV,

respectively with increasing frequency from 30 to 100 kHz, revealing that the corrosion resistance of the Ni coating is

improved owing to its grain-refinement and higher compactness. The tribological tests show that the friction coefficient

of the Ni coating decreases from 0.39 to 0.25 with frequency increasing from 30 to 100 kHz. The reason is suggested to

its grain-refinement, higher compactness and microhardness.

Key words: Ni coating; pulsed-electrodeposition; corrosion resistance; friction coefficient

(SPC200704)

2010-03-22 2010-04-28

010-62333351 E-mail: byang@ustb.edu.cn



830 2011 4
100 nm CI' 50 pg/g
Perkin Elmer Model
] 273A 2mV/s CorrView2
( PARSTAT 2263 DC+AC
(21 Ni (EIS)
Ni Co Cu Ni-P Fe-Ni 0.1 Hz~10 kHz
Ni-sic P! 5 mV  Zview2
Ni 4] HVS—1000
[5] 5 MMW-1A
( Ni
) 100 N
[6] 250's 200 r/min 17 48%
(10 kHz )
[7-9]
[10-13] 2
Ni 21 Ni
[14]
30~100 kHz 30 kHz 100kHz  Ni (200)
Ni Scherrer
Ni SEM
TEM
1 ( 1(a)~(d))
1(e)~(h) FCC
Ni
500 g/L 30 g/L (3] Jn
15 g/L ( ) 10% f
pH fon fon
100 Jn=Jv=1J, P =J, = Jolon S (1)
220V J, v fon
32V Lot 0=ttt =16
20A 20~140 kHz (1) Jn v J,
0.1~0.9 [ ton
60 pH  3~4 1 A/dm?
45% 30~100 kHz 2 h
IBL
Nl [15]
d3 mm MTP-1 Fick
20% +80% J fon el
25~-30 - IOON :nA Tecnai F20 5p _ m @)

SUPPRS5 ZEISS (SEM)  Ni

D



21 4 Ni 831

1 Ni TEM
Fig.1 TEM images((a), (¢), (¢), (g)) and corresponding SAED patterns((b), (d), (), (h)) of Ni coating electrodeposited at 30 kHz
((@), (¢)), 60 kHz ((b), (1)), 90 kHz ((c), (2)) and 100 kHz ((d), (h))
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Table 1 Fitting results of polarization curves of Ni coating
electrodeposited at various pulse frequencies
Frequency/  Corrosion potential/ Corrosion current
Ni kHz mV density/(pA-cm ?)
30 —551.41 2.287
22 Ni 60 ~518.93 1709
2 Ni
) 90 —505.31 1.625
100 —420.28 0.894
3 Ni
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Fig.2 Polarization curves of Ni coating electrodeposited at

various pulse frequencies
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Table 2  Fitting results of impedance of Ni coating electrodeposited at various pulse frequencies

Frequency/ Ry Ry/ Yo/ (Yo)o/ R/ .
kHz (Qem?)  (Qem?) (10°Qemis™) " (107° Qem 25 ™) " (10* Q-cm?) Chi-squared
30 146.7 81.7 3.21 0.768 2 0.13 0.954 3 1.97 0.007 4
60 213.6 136.2 2.25 0.830 7 2.30 0.8390 2.61 0.000 1
90 171.1 445.8 0.64 0.9104 2.57 0.725 6 6.06 0.004 6

100 107 766.3 0.78 0.800 0 1.42 0.8010 6.56 0.038 6
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Fig.6 SEM images of worn surfaces of Ni coating electrodeposited at 30 kHz (a), 60 kHz (b), 90 kHz (c) and 100 kHz (d)
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