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Table 1 Chemical composition of nickel(mass fraction, %)

Ni Co Cu C Fe Zn S

99.97  0.05 0.001 0.003 0.0004 0.0003 0.023
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Fig. 1 Schematic diagram of electroforming equipment
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Fig. 2 SEM image of nickel grains (a) and XRD pattern of
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Fig. 3 Mass changes after oxidation of nickel layer
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Fig. 4 Differential curve of mass changes of nickel layer
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Fig. 5 Surface morphologies (a) and EDS spectrum (b) of

electroformed nickel layer after complete oxidation at room
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Fig. 6 Element content on surface of electroformed nickel

layer after etching for different time
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Table 2 Element content on surface of nickel layer by 10%

H,SO, after etching for different time

Mass fraction Mass fraction

Etching time/min

of O/% of Ni/%
0 2.08 97.92
10 1.01 99.29
30 0.64 99.36
60 0.51 99.49
90 0.46 99.44
120 0.44 99.56
180 0.34 99.66
360 0.33 99.67
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Table 3 Mass changes of nickel layer after etching in different concentration of sulfuric acid

Mass changes of nickel layer/10™* g

Etching time/min

10%H,S0, 12.5%H,S0,4 15%H,S0, 17.5%H,S0, 20%H,S0,

0 0 0 0 0 0

5 -1.67 —2.67 -1.67 —2.70 -5.63
10 —3.33 -3.33 —4.33 =5.70 —6.30
30 —4.67 —5.00 —6.67 —7.37 -9.97
60 —5.30 —6.00 —8.00 -9.37 —11.00
90 —6.33 —6.67 -9.33 —10.20 -12.30
120 —7.00 —7.67 —-10.30 —11.40 —12.60
180 —8.00 —8.67 -11.30 —12.40 —14.60
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360 —10.70 —-11.30 —14.00 —15.40 —17.60
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Sulfuric acid concentration
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Fig. 7 Mass changes of nickel layer after etching in different

concentrations of sulfuric acid for different time
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Fig. 8 First stage etching rate of nickel layer
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Fig. 9 Second stage etching rate of nickel layer
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Table 4 Etching rates of nickel layer at different etching

stages

Concentration of Second stage etching First stage etching

sulfuric acid/%  rate/(10 ®g'min—1)  rate/(10 ®g'min")

10 8.8 1.80
12.5 10.0 1.76
15 13.3 2.00
17.5 15.6 2.01
20 18.33 2.20
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Fig. 10 SEM images of secondary electroforming samples after etching in sulfuric acid for different time: (a) 0 min; (b) 10 min; (c)

30 min; (d) 60 min; (e) 180 min; (f) 360 min
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Formation and etching of oxide film on
nickel surface in discontinuous electroforming

YAO Wei-guo', WEI Xiao-jie', DOU Yan-li', GUAN Dong-bo', SHI Lin?, GUO Bo-yuan'

(1. Key Laboratory of Automobile Materials of Ministry of Education,
Department of Materials Science & Engineering, Jilin University, Changchun 130025, China;
2. Jilin Core Technology Co. LTD, Changchun 130000, China)

Abstract: The formation of oxide film on the nickel surface and the effect of sulfuric acid erosion on the remain of the
oxide film and the binding densification between two electroformed nickel layers were investigated. The microstructure
of electroformed nickel layer was characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM).
The oxygen content on the surface of the nickel layer was characterized by energy dispersive spectroscopy (EDS) and
high precision electronic scale, the binding density between two electroformed nickel layers was observed by SEM. The
results show that the electroformed nickel crystal orientation prefers (100), the electroformed nickel is substantially
oxidized after 120 min. The oxide film decreases with the increase of the etching time, and disappears completely after
etched in 10% (mass fraction) sulfuric acid for 60 min, and the two nickel layers combine densely.

Key words: electroformed nickel; oxide film; etching; discontinuous electroforming
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