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Nickel plating thickness increased with the electric current density, and the augmentation was more thick in 6~10 Aldm?
than low current. Hull-cell analysis was tested to evaluate the current density. Optimum thickness was obtained at a temper-
ature of 60 C, and the pH fluctuation of 3.5~4.0. Over the Nickel ion concentration of 300 g/L, plating thickness increased
with the current density. The rate of decrease in nickel ion concentration was increased with the current density. The quantity
of plating electro-deposition was increased at the anode surface, which was correlated with the increase of plating thickness.
The plating thickness was increased because of the quick plating speed. However, the condition of the plating surface be-
comes irregular and the minuteness of nickel plating layer was reduced with the plating rate. After the corrosion test of
25 h, it was resulted in that maintaining low electric current density is desirable for the excellent corrosion resistance in
lustered nickel plating. According to the program simulation, the thickness of diffusion layer was increased and the concen-
tration of anode surface was lowered for the higher current densities. The concentration profile showed the regular dis-
tribution at low electric current density. The field plating process was controlled by the electric current density and the plat-
ing thickness instead of plating time for the productivity. The surface physical property of plating structure or corrosion
resistance was excellent in the case of low electric current density.
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1. M = 2 7134 #$1710014 &8k chemical vapor deposition (CVD)$} plas-

ma vapor deposition (PVD)7} St 1-3].
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Table 1. The Reaction Rate Constant with Current Density

Current density k [s"] ”

2 Aldm’® -9.8238 x 107 0.9906
4 Aldm’ 22218 x 107 0.9885
6 Aldm’ -4.2133 x 107 0.9953
8 A/dm’ -4.9623 x 107 0.9961
10 A/dm’ -6.1716 x 107 0.9986

In(c/c,) x 1000

® 2 A/dm®
® 4 A/dm®
A 6 A/dm®
* 8 A/dm’
v 10 A/dm’

.80 1 ! I
0 300 600 900 1200

Time [sec]

Figure 3. Variations of reaction rates of nickel with current density.
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Figure 4. Plating thickness of semibright nickel with pH and tem-
perature.
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Figure S. Variation of electroplated nickel thickness with current density in semibright plating process.
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Figure 6. Variation of nickel thickness with current density in bright plating.
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(a) 2.9 A/dm’ (b) 3.3 A/dm®

(c) 3.7 A/dm’ (d) 4.1 A/dm’
Figure 7. SEM micrographs of nickel surface in nickel plating.

() 3.7 A/dm’ (d) 4.1 A/dm’

Figure 8. SEM micrographs of nickel cross-section in nickel plating.
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Table 2. Plating Time of Desired Thickness in Nickel Plating Process

SemiBright Nickel 2.9 A/dm® 3.3 A/dm’ 3.7 A/dm® 4.1 A/dm’
14 um 30 min 28 min 25 min 24 min
16 um 35 min 33 min 29 min 28 min
18 um 39 min 37 min 33 min 31 min
Bright Nickel 3.9 A/dm’ 4.4 A/ddm’ 49 A/dm’ 5.4 A/dm’
10 pum 18 min 16 min 14 min 12 min
11 pym 21 min 18 min 15 min 13 min
12 pm 22 min 19 min 16 min 14 min

Table 3. Conosion Resistance of Nickel Plated Wheel Nuts

SB14(2.9) SB14(3.3) SB16(3.3) SB16(3.7) SB18(3.7) SBI8(4.1)

BI039) O o)
BI044) O o)
BI049) O o)
BI054) O

B11(3.9)

Bl1(4.4)

B11(4.9)

BI1(5.4) x X

B12(3.9) o) o)
B12(4.4) o) x
B12(4.9) x x
B12(5.4) x x

o O O
O
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AAEAS AdATA 51819 71E 349 7249 ey as 4.1
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e 2 skE 4 gelkth @ UE 23 ¥ U] Avks Table 39 U

#
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25 ho2 M) A% AFHe vlmAo] golabl k. 25 h 5
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Figure 9. Variation concentration of diffusion layer in anode surface.

{a) 29 A/dm’ (b) 33 A/dm’

(c) 3.7 A/dm”

(d) 41 A/dm®

Figure 10. Program simulation image of various current density in
nickel plating.
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3.4.2. Boundary settings
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