
INTRODUCTION

Thin film surface coating are widely used
for efficient conversion of solar radiation into useful
forms. One of the most frequently and commercial
material in solar absorbance is nickel pigmented
aluminium oxide on aluminium.A simple and
inexpensive technique for the preparation of thin
film is electrochemical deposition. It has been used
successfully in the case of Ni for a wide range of
concentration of metal. Theproperties, the
composition and the grain size of electrodeposited
Ni are strongly dependent on the electrolyte
composition and the deposition parameters. The
objective of the present work has been focused on
the development of Ni thin film, electrodeposited
on anodized alumina surface and their
characterization. The structural morphology and
composition analysis of the electrodeposited thin
film were performed by SEM and EDAX.The
corrosion behavior of electrodeposited Ni in NaCl
solution have also been studied.
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ABSTRACT

The electrochemical preparation and characterization of Ni deposition was performed on
aluminum surface. The  Aluminium electrode was anodically oxidized to obtain a porous alumina template.
The properties of various porous Al oxide films were compared in terms of their electrochemical
responses during Ni eletrodeposition. The corrosion behaviour of  deposits was evaluated by polarization
curves in 0.1 M NaCl solution at room temperature. The surface morphology of deposited films were
investigated by scanning electron microscopy (SEM). It has been found that the deposition of Ni on Al
surface disturbs the Aluminum coating’s regular surface structure. The compositional analysis of
electrodeposited films was investigated by Energy dispersive X-ray spectroscopy (EDAX).
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EXPERIMENTAL

The anode of the electrochemical cell was
an aluminum plate while the cathode was lead plate.
Firstly the aluminum plate is converted into anodic
oxide by anodization. For this process we use 10%
oxalic acid as anodizing solution. Temprature is
maintained between 18-200C. The lead plate is
immersed in anodizing solution for ½ hr, then Al
plate is immersed in this solution. (Voltage-30V,
Time-1 hr). In this process H2 gas is produced which
goes towards anode and form bubble at lead plate.
Oxygen goes towards Al plate and makes it anodic
oxide. All electrochemical experiments and the
deposition processes were carried out in a standard
three electrode  electrochemical cell equipped with
platinum net as a counter electrode and saturated
calomel electrode (SCE) as a reference electrode.

The plating time was 30 sec after which
the anode was withdrawn, washed with distilled
water and dried. All solutions were prepared with
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analytical grade chemical reagents and deionised
water.Ni/Al film was obtained by the electrodeposition
from the solution shown in table 1

The corrosion behaviour of  deposited films
were evaluated by polarization curves. With the help
of  tafel plot we have determined Corrosion current,
corrosion potential and corrosion rate. The
electrochemical behavior of the electrodeposited
specimens was analyzed in a 0.1 M NaCl aqueous
solution at room temperature. The surface
morphology of deposited films was studied by
SEM.The compositional analysis of
electrodeposited films was investigated by EDAX.

RESULTS AND DISCUSSION

The morphological characterisation were
studied by SEM.These investigation are limited by

resolution of the SEM, satisfactory quality of SEM
image was possible when the thickness of single Ni
layer exceeds-300 µ. Based on SEM investigation
high efficiency of the deposited thickness measured
by SEM was similar to that predicted from deposition
charge. Some of the SEM images of deposited films
are shown in figure 1 to 4. The visible areas where
single Ni layers seem to be not continuous are
caused by some difficulties in etching during sample
preparation.

All the deposits obtained from the
investigated solution adhere well to Aluminum oxide
substrate. The metallic luster and brightness of the
deposit decreased with presence of Ni. It was
observed that the deposits are generally composed
of fine grains.The presence of microcracks is
probably due to the growth of internal stresses
during the electrodeposition..

Fig.4 SEM image of 0.5M Ni/Al filmFig. 3: SEM image of 0.4M Ni/Al film

Fig. 1: SEM image of 0.2M Ni/Al film Fig. 2: SEM image of 0.3M Ni/Al film
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Fig. 5: EDAX image of 0.2 M Ni/Al film

Fig. 6: EDAX image of 0.3 M Ni/Al film

Fig. 7: EDAX image of 0.4 M Ni/Al film
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Fig. 8: EDAX image of 0.5 M Ni/Al film

Fig. 9: Dependance of  Ni content in electroplating solution and electrodeposited film

Fig.10: Tafel plot of 0.2M Ni/Al film
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Table 1: Solution composition for Ni/Al Electrodeposition

Composition of solution I II III IV

NiSO4.7H2O 0.2M 0.3M 0.4M 0.5M
4.2103g 6.3155g 8.4207g 10.525g

H3BO3 3.375g 3.375g 3.375g 3.375g
Solution pH 4.5 4.5 4.5 4.5
Temperature (0C) 50 50 50 50
Time (sec) 30 30 30 30
Frequency(Hz) 200 200 200 200
Voltage (V) 19 19 19 19

Table 2: Dependence of composition
on Ni/Al ion concentration

Sample Ni Ni (Atomic Al (Atomic
Weight %) Weight %)

1 0.2M Ni 3.78 33.08
2 0.3M Ni 7.17 29.39
3 0.4M Ni 8.58 30.90
4 0.5M Ni 7.75 33.85

Figure 5 to 8 shows the EDAX analysis of
the electrodeposits of different concentration of Ni.
The  EDAX analysis confirms the inclusion of Ni in
the deposits. Table 2. Shows the atomic and weight
percent of  Ni in electrodeposits.

Figure 9 shows the relation between the
weight of Ni in electroplating solution and in
electrodeposited films.This confirms that when the
concentration of Ni increases in solution, the Ni
deposits also increases in the films.

Tafel polar ization was performed to
evaluate the corrosion parameter of  the deposits
with different Ni contents. A small current plateau
is observed in the tafel curve of the Ni/Al coating ,
which could be associated with accelerated
passivation process. The corrosion current density
values were estimated making use of tafel slope
method.The corrosion potential and corrosion
current for the Ni/Al coating,obtained from
polarization curves. A representative tafel plot is
shown in figure 10. As shown in the plot, the
corrosion current of the deposits decreases with
increase in the amount of Ni. Hence corrosion
resistance increases at the higher concentration of
Ni in the deposited films.
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