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Effect of diamond powder on
Ni electrocrystallization behavior at initial stages

WANG Mei-juan, WANG Ri-chu, PENG Chao-qun, FENG Yan, ZHANG Chun

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effect of diamond powder on the nickel electrocrystallization nucleation/growth behavior was investigated
by electrochemical techniques, such as cyclic voltammetry(CV) method and chronoamperometry method (CA), and the
surface morphologies of composite coatings were observed by SEM. The results show that, in Ni-diamond electroplating
solutions, diamond powder absorbed on the cathode surface decreases the effective area of Ni ion discharge and hinders
the process of charge transfer because of the shielded cathode surface, which corresponds to much lower reduction
current of CV curve; diamond powder shortens the nucleation relaxation time f,,, of Ni electrocrystallization, the
nucleation potential turns to positive direction, and Ni electrocrystallization is stimulated; the diamond powder content in
Ni-diamond composite coatings decreases with the increase of electroplating time, which makes the surface of coatings
coarsen; both Ni-diamond electroplating solution and pure Ni electroplating solution may follow the polycrystalline
deposition mechanism.
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Fig. 3 Cyclic voltammetry curves of Ni in pure Ni and

Ni-diamond electroplating solutions
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Fig. 4 Instantaneous /— curves for electro-crystallization Ni in two electroplating solutions: (a), (b) Pure Ni; (¢), (d) Ni-diamond

composite
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Fig. 5 SEM images of Ni-diamond composite coatings at cathode potential of —1.0 V and different electroplating times: (a) 10 s; (b)

30s; (¢) 3 min; (d) 10 min
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(a) Pure Ni; (b) Ni-diamond composite

Table 1 Experimental results for electrodeposition of Ni in pure Ni and Ni-diamond composite electroplating solutions

baS Lo/ mA (I tma) (MAs)
Potential/V
Pure Ni Ni-diamond Pure Ni Ni-diamond Pure Ni Ni-diamond

—0.84 - 13.160 12.380 - 2 016.96
—0.87 - 10.430 18.830 - 3 698.15
—0.90 - 7.488 16.560 - 2 053.46
—0.93 18.310 6.699 21.640 20.910 8574.38 2 928.99
—0.96 17.7 3.563 21.790 26.000 8404.03 2 408.59
—-0.99 6.408 3.371 27.320 28.140 4782.82 2 669.36
—-1.02 5.141 2.9389 32.910 29.770 1088.21 2 604.61
—-1.05 4.352 1.216 32.980 37.340 4 733.59 1 695.44
—1.08 2.389 0.618 7 32.120 38.540 2464.72 918.97
-1.11 2.005 - 40.760 - 3 331.06 -
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