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Abstract

Hardness and internal stress are very important in nickel electroforming. Nickel suifamate bath has been
widely used in electroforming because of its low internal stress and moderate hardness. Nickel sulfamate
bath without chloride was chosen to investigated the effect of plating variable such as temperature, PH, current
density and sodium naphthalene trisulfonate as addition agent on the hardness and internal stress. It was
found that hardness increased with increasing temperature and decreasmg current density and ranged from
150~310 DPH. The hardness was highest at 55°C and 10~40 mA/cm’. The internal stress increased with increas-
ing current density and decreasing temperature. It was mlmmum at PH 3.0~3.8. Low internal stress within
+1,500 psi was obtained at both 50°C and 55°C in 10~20 mA/cm”. The addition of sodium naphthalene trisul-
fonate was found to be effective in refine columnar grains thus resulted in decreasing internal stress, increasing
hardness and improving brightness.
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Table 1. Bath composition and operating conditions of
nickel sulfamate electroforming

Nickel sulfamate

- solution (180 g/l) 43%

- as anhydrous salt Ni(NH,SO;),{325 g/l
Nickel as metal 75 gl
Boric acid 36 g/l

anti-pit agent (W-A129) 5 ml/l (40 dynes/cm)
sodium naphthalene trisulfonate {0, 1, 2, 3 g//

Temperature 40~60°C

PH 3.0~4.5

Anode INCO S-Nickel pellets/Ti
basket

Cathode 304 stainless steel, Cu-Be
alloy

Agitation vigorous agitation with stirrer

Purification activated carbon, dummying
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Fig. 1. Schematic diagram of electroforming bath.
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Fig. 3. Effect of solution temperature and current density
on hardness.
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Fig. 4. Effect of sodium naphthalene trisulfonate and
current density on hardness.
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Fig. 6. Effect of sodium naphthalene trisulfonate and
current density on internal stress.
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Fig. 8. Optical Micrographs of nickel deposits at (a) 60
mA/cm® (b) 100 mA/cm?® (45°C, PH 3.8: X500)
etchant: 1:1 v/v of lactic acid and nitric acid.
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