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Ni-W alloy deposits have lately attracted the interest as an alternative surface treatment method for hard chromium
electrodeposits because of higher wear resistance, hardness at high temperature, and corrosion resistance. This
study deals with influences of process variables, such as electodeposition current density, plating temperature
and pH, on the internal stress of Ni-W nanocrystalline deposits. The internal stress was increased with increasing
the applied current density. With increasing applied current density, the grain size of the deposit decreases and
concentration of hydrogen in the deposit increases. The subsequent release of the hydrogen results in shrinkage
of the deposit and the introduction of tensile stress in the deposit. Consequently, for layers deposited at high
current density, cracking occurs readily owing to high tensile stress value. By increasing the temperature of the
electrodeposition from 60 C to 80 C, the internal stress was decreased. It seems that an increase in the number
of active ions overcoming the activation energy at elevated temperature caused a decline in the concentration
polarization and surface diffusion. It decreased the level of hydrogen absorption due to the lessened hydrogen
evolution reaction. Therefore, the lower level of hydrogen absorption degenerated the hydride on the surface
of the electrode, resulting in the reduction of the internal stress of the deposits. By increasing the pH of the
electrodeposition from 5.6 to 6.8, the internal stress in the deposits were slightly decreased. It is considered
that the decrease in internal stess of deposits was due to supply of W complex compound in cathode surface,

and hydrogen ion resulted from decrease of activity.
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Fig. 1. Effect of plating thickness on the internal stress of Ni-W
electrodeposits.
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Fig. 2. Effect of current density on the internal stress of Ni-W
electrodeposits. (a) 70C (b) 75C (c) 80TC.
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Fig. 3. Effect of temperature on the internal stress of Ni-W
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Fig. 4. Effect of pH on the internal stress of Ni-W electrodeposits.

5.6~6.8 HlelA A=AIFS Fasigith pH W92l 2%
< Aaf|o] gst M= AAeqlnt o] wje] Y& Fig.
4l Yep AT

Ni—W &=2] dabel| qlojA Azt o] pH= Nigk We
molet], 18|31l F-A4te] sxe whet 2HslgE o] /e
PAGER v)$- Foslth B Ao pHIt SIS
Ui-g-go] gHash= A3t dojRith o9} ol pH 7}
of we} cathode WOl W7k A&57] 42 /34
WatslRh=e] aao] d&ahy] Wl A A=k viel
o] Y&l &S nA &= Fhol2 % i 7]

ek Aow AzhET

2 of
of\ 1o,
o o ¢

(

ofN
N
N
o]

1%

o
_
)
b= (LT
=}

b
rr
Z

|
2 o
]

POl )
o M D

e
I
rO
b J
d

=L

Ju ¢ o o o
2 2 o ¥ T olo

=
=
=il
e
bt
o
- 18
=2
)
% o o rlf
o
oo
Ei
1o
[o o\ |
N
N
Ir

O~
olo
)
=
=
1o
i
_O|L
oy

;
=
X
1o,
1%
o,
oX,
)
oX,
oX
o
o

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.6, 2012



INFLUENCES OF ELECTRODEPOSITION VARIABLES ON THE INTERNAL STESS OF NANOCRYSTALLINE NI-W FILMS

FHE BRY F23ES P2 ARF Y
g e Aow Azte

=
DI} Z7H S -2 o] 7
9} o] pH Z71el met $3E
9 ge|el WaSHHE el 3ol
o) 4L

Ao w A}

d:ehis A3} ol e

fr o ae O

A glef] eJsto] A9l om, o]

EI1Ed

1. A. W. Goldstein, W. Rostoker, and F. Schossberger, J.
Electrochem. Soc., 44, 104 (1957).

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.6, 2012

H W

10.

11.

12.

T. Watanabe, J. Met. Fin. Soc. Japan, 38, 210 (1987).
A. M. El-Sherik and U. Erb, Plat. Surf- Fin., 82, 85 (1995).
J. D. Bonino, P. Pouderoux, C. Rossinol, and A. Rousset,
Plat. Surf. Fin., 79, 62 (1992).

. R. H. Song, J. S. Kim, and S. I. Pyun, J. Met. Fin. Soc.

Korea, 20, 154 (1987).

. I. Mizushima, P. T. Tang, H. N. Hansen, and M. A.

J. Somers, Electrochim. Acta, 51, 6128 (2006).

. S. K. Lee, J. Y. Moon, H. R. Yoo, S. S. Jang, and W.

S. Hwang, Corros. Sci. Tech., 30, 156 (2001).

. S. K. Lee, H. R. Yoo, S. S. Jang, and W. S. Hwang,

Corros. Sci. Tech., 30, 164 (2001).

. S. Armyyanov and G. S. Sotirova-Chakarova, Metal

Finish., 91, 59 (1993).

Y. Tsuru and M. Kawamoto, J. Jpn. Inst. Metals, 55,
56 (2004).

I. Mizushima, P. T. Tang, H. N. Hansen, and M. A.
J. Somers, Electrochim. Acta, 51, 6128 (2006).

M. H. Seo, D. J. Kim and J. S. Kim, Met. Mater. Int.,
13, 365 (2007).

279



