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a b s t r a c t

Ni matrix–Al particle composite coating was adopted via sediment co-deposition (SCD) method on the
zincate coated aluminum substrate. Surface morphology was investigated by scanning electron micros-
copy (SEM). The electrochemical behavior of the coatings was studied by polarization potentiodynamic
test in 3.5 wt.% sodium chloride using a three electrode open cell. The effect of the electroplating param-
eters on the Al co-deposition was studied. Maximum of 22 wt.% Al particles were deposited in the coat-
ing. It was found that the zincate coating plays an important role in improving the nickel layer adherent.
Furthermore, incorporation of aluminum particles in Ni matrix refined the Ni crystal coatings. However,
polarization curves shifted to negative potentials and corrosion rate is decreased.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Surface modifications of aluminum and its alloys can offer a
wide variety of mechanical, chemical, electrical properties and dec-
orative finishing. Electroplating has gained commercial applica-
tions for components which need to wear and corrosion
resistance. Especially, some kinds of plating methods dispersing
ceramics particles in metallic matrixes are becoming popular in
various wear parts [1].

The electro deposition of metallic coatings containing inert par-
ticles can be traced back to studies which produced a graphite–cop-
per composite coating for self-lubricating surfaces in car engines [2].
In the early 1950s and late 1960s, the development of electro depos-
it composite coatings developed gradually [3,4]. During the 1970s
and 1980s, investigations were focused on the necessity of produc-
ing coatings with enhanced mechanical and corrosion properties. To
this end, irresolvable particles are suspended in a common plating
electrolyte and are captured in the growing metal layer. These par-
ticle can be hard oxides or carbides such as ZrO2, WC [5], Al2O3 [6]
and SiC [7,8]. Foster suggested that the oxidation resistant coatings
could be prepared by co-electrodepositing of metal, for example Ni,
with micrometer-sized metallic particles such as Cr [8]. Ni–Al com-
posites were prepared by the co-deposition of a Ni matrix and mi-
cron sized Al particles by Susan [9,10].

Two common processes involved with incorporation of particles
into metallic coatings can be recognized, namely, physical disper-

sion of particles in the electrolyte and electrophoretic migration
of particles [11]. Many theories have been suggested including
the transport of particles due to electrophoresis. The mechanism
proposed by Guglielmi [5,12] had been adopted by several authors.
This model enables a quantitative treatment of the influence of
particles concentration and current density on the incorporation
rate of particles into a metal deposit and excludes hydrodynamic
effects and particle characteristics. The common processes in-
volved in the co-deposition of particles into growing metallic lay-
ers. Five steps during the co-deposition process can be identified:
(1) Formation of ionic clouds on the particles, (2) convection to-
wards the cathode, (3) diffusion through a hydrodynamic bound-
ary layer, (4) diffusion through a concentration boundary layer,
and (5) Adsorption at the cathode, where particles are entrapped
within the metal deposit [13].

Surface oxide film of aluminum and the extreme reactivity of
bare aluminum result in rapid re-formation of the film on exposure
to air or aqueous solutions, which cause the difficulty of plating on
aluminum substrate [14]. Other problems for Ni coating on alumi-
num are:

(1) Influence of electrochemical potential. The electrochemical
positions of aluminum and nickel in metal series have a pro-
found influence on deposition reactions and adhesion, mak-
ing the plating quite difficult [15]. The electrochemical
potential of Ni and Al metal are shown in Table 1 [11].

(2) Effects of the coefficient of thermal expansion on bond
strength. The expansion coefficient of aluminum and its
alloys are quite different from that of the nickel. In applica-
tions, where considerable temperature changes occur, the
different expansion of aluminum and the deposited metal
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