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Abstract Ni-W alloys containing 10 to 50wt% W were prepared by electrodeposition. Tungsten content in the alloy
increased with current density. X-ray diffraction analysis revealed that the alloy was crystalline phase when deposited
at current densities lower than 50mA/cm?® Their crystal structure transformed to amorphous at higher current densi-
ties. In terms of tungsten content, the crystal — amorphous transition occurred at 40~ 46wt% which was identified by
the 3 fold increase in the width of a diffraction peak. The lattice parameter of crystalline phase increased with W upto
40wt% which is higher than the solubility limit of W (about 30wt%) in Ni. Therefore, the alloys are considered to be Ni
solid solution supersaturated with W. The amorphous Ni-W alloys were recrystallized by annealing them at tempera-
tures over 400C. This was evidenced by the appearance a strong { 111] annealing texture. The supersaturated W was
precipitated during the annealing at over 800°C. The current-density dependence of W content and crystallinity was
utilized to produce alternating layers of crystalline (30wt% W) and amorphous (50wt%) phases which may exhibit
unique mechanical and corrosion properties.
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Table 1. Conditions for Ni- W electrodeposition.

Nickel carbonate (NiCO; - 2Ni(OH), « 4H.0) : 5.8g/1
Sodium tungstate (Na,WQ, - 2H,0) : 70g/1
Ammonium citrate monohydrate (CsHiN-O; -
Boric acid (HsBO.) : 6.4

pH:8~85

Temp:50T

Current density : 2~400mA/cm?

Anode : carbon plate

Cathode : brass {30% Zn) plate

H0) : 53g/1
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Fig. 1. Current density vs cathode potential curves for deposi-
tion of Ni-W alloys.

Table 2. Composition of deposits at various cathode poten-
tials.
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Fig. 2. Effect of current density on the amount of W in Ni-W
electrodeposits.
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Fig. 3. X-ray diffraction patterns of Ni-W deposited with vari-
ous current densities.(a) 2mA/cm?® (b) 5SmA/cm? (c) 10mA/cm?
(d) 50mA/cm? (e) 100mA/cm? (f) 200mA/cm? (g) 400mA/cm?
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Fig. 4. Changes in full width at half maximum (FWHM) with
W content in Ni- W electrodeposits.
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Fig. 6. X-ray diffraction patterns for crystalline Ni-W electro-
deposits after annealing at various temperatures. (Current den-
sity = 5mA/cm?) (a) 50T (b) 300T (c) 400T (d) 500T (e) 600
T (f) 700T (g) 800T
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Fig. 7. X-ray diffraction patterns for amorphous Ni- W electro-
deposits after annealing at various temperatures. (Current den-
sity = 50mA/cm?) (a) 50T (b) 300T (c) 400T (d) 500T (e)
600T (f) 700T (g) 800C
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Fig. 8. X-ray diffraction patterns for a Ni-W electrodeposit
after annealing at 1000T for 4 hours. (Current density = 50mA
/cm?®) (a) with substrate (b) powdered after removal of brass
substrate
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Fig. 9. Changes in lattice parameter of Ni-W electrodeposits
with annealing temperature.
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Table 3. EDS analysis for 5 layers deposited with repeated
current densities of 5SmA/cm*a) and 50mA/cm¥b).

Layer W (wt%)
a 30.6
b 51.5
a 292
b 523
a 28.6
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Fig. 11. X-ray diffraction patterns for Ni-W electrodeposits

prepared with two sets of current densities. (a) 5mA/cm?® +
50mA/cm? (b)50mA/cm® + 5mA/cm?
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