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Plating of Ni/c-BN composite film in two steps
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In recent years, advanced new metal composites, metal-
ceramic composites, and other hard and wear resistant
materials have been used more widely as machinery
parts in industry. In order to machine these advanced
materials, ultra hard and ultra wear resistant tools are
required to supply the demands of a higher produc-
tivity accompanied by the accuracy of geometry and
dimensions of work-pieces as well as the fine finish-
ing of working surfaces of the machined pieces. These
requirements have been fulfilled by tools coated with
super-hard materials such as diamond and cubic boron
nitride (c-BN). Although diamond is known as the
hardest material, diamond tools cannot apply to ma-
chining ferrous materials where relatively higher tem-
perature is generated due to the problem of the disso-
lution of carbon in iron at higher temperature [1]. In
contrast, c-BN known as the second hardest material
after diamond has good thermal stability and chemi-
cal inertness regarding iron [2]. These advantages of
c-BN have opened up the ferrous machining markets.
Nowadays, c-BN coated tools are widely used to ma-
chine iron and iron based alloy materials in the field of
automotive and aerospace industries. Although c-BN
can coat on cutting, drilling and grinding tools using
various modified physical and chemical vapor deposi-
tion methods [3–6], the deposits by these methods are
usually contaminated with the hexagonal phase (h-BN)
[2, 3]. Additionally these methods are expensive and
therefore, have been commercially substituted with the
electrolytic composite plating technique in which parti-
cles of c-BN are codeposited with metals such as nickel,
cobalt, etc. However, the performance of these coatings
depends upon the particle content in the metal matrix,
and generally, high particle content is required. In an
attempt to incorporate high amount of organic [7] and
inorganic [8–11] particles into a nickel matrix, various
techniques have been developed in our laboratory. Pre-
viously, we have demonstrated that the composite coat-
ings prepared by a two step electrolytic method are rich
in particle content and these composites exhibited good
anti-wear performance [8]. In the present investigation,
we carried out the coating of Ni/c-BN composite film
by the two step method and its anti-wear performance
was studied.

In the first step, c-BN particles were electrophoreti-
cally deposited on a copper substrate. Then, electrode-
position of nickel on this substrate was carried out in
the second step. For the electrophoretic deposition, 5 g
dm−3 of the c-BN powder (0–2 µm, BORAZON, GE
Micron Products, USA) was dispersed in an ethanol

bath containing 6 mM MgCl2·6H2O using an ultra-
sonic disruptor (TOMY, UD-200) for 10 min. The c-BN
particles were deposited electrophoretically on a cop-
per cathode placed vertically at a distance of 0.01 m
parallel to a graphite electrode under an electric field
strength of 4 kV m−1 for 3 min. After air-drying, the
copper substrate covered with the electrophoretic de-
posits was subjected to the electrodeposition of nickel
using a chloride bath containing 50 g dm−3 NiCl2·6H2O
and 10 g dm−3 NH4Cl. The pH of this bath was initially
adjusted to 6.6. Controlled potential electrolysis of this
bath was carried out at −0.82 V vs. SCE for 400 k
coulomb m−2 of the electrical charge passing through
the cathode. The electrophoretic as well as nickel de-
position was carried out without agitation of the baths.
After depositing nickel in the second step, the deposit
was washed with running water, and then ultrasonic
cleaning in acetone was applied for 10 min followed
by another 10 min in distilled water. The surface and
cross sectional morphologies of the coating were exam-
ined using a scanning electron microscope (SEM) and
the composition of the deposits was determined using
an energy dispersive X-ray micro-analyzer (EDX) cou-
pled to the SEM. Wear resistance of the coating was
examined using an abrasion tester (NUS-ISO3, Suga
Abrasion Tester) fitted with a counter surface of a SiC
abrader under dry sliding friction conditions for 300 cy-
cles at various applied loads. All the above experiments
were carried out at 25 ◦C.

SEM images of the surface and cross-section of an
electrophoretic deposit prepared in the first step are
shown in Fig. 1. This surface image (Fig. 1a) reveals the
uniform and dense deposit of c-BN particles. As shown
by the cross section image (Fig. 1b), the thickness of
this electrophoretic deposit was approximately 30 µm.
The growth of the electrophoretic deposits was found to
increase with the deposition time, electric field strength,
particle loading and the concentration of MgCl2. How-
ever, higher concentrations of MgCl2 produced rough
deposits, which developed cracks on drying. Therefore,
the ratio of particles loading and the concentration of
MgCl2 should be in the correct proportions in order
to produce crack-free, thick and stable electrophoretic
deposits. The deposition potential for nickel in the sec-
ond step was determined using a voltametric technique.
When linear sweep voltametry of an aqueous bath con-
taining 1 mM NiCl2 and 0.1 M NH4Cl was carried out
using the above substrate covered with the c-BN parti-
cles as the cathode, the peak potential for nickel depo-
sition was observed to be approximately at −0.82 V vs.
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Figure 1 SEM images of the (a) surface, and (b) cross section, of an electrophoretic deposit of c-BN on a copper substrate using an ethanol bath
containing 6 mM MgCl2·6H2O and 5 g dm−3 c-BN particles for 3 min under 4 × 103 V m−1.

(a) (b)

Figure 2 SEM images of the (a) surface, and (b) cross section, of the composite film of Ni/c-BN prepared by depositing nickel on the substrate of
Fig. 1.

SCE. Therefore, the deposition of nickel on a substrate
covered with the c-BN particles was carried out at this
potential value. At a potential higher than this value, hy-
drogen gas was evolved on the working electrode and
stripped the c-BN particles layer. At the optimum con-
dition of depositions as described above, the composite
coating looked smooth. The surface and cross sectional
morphologies of the composite film are shown in Fig. 2.
This SEM image of the surface (Fig. 2a) reveals a uni-
form distribution of the particles throughout the coating
and this finding is also supported by the SEM image of
the cross section of the coating (Fig. 2b). As evident
from this cross sectional image, the composite coating
had a thickness of about 5 µm. The particle content
in this composite film estimated by EDX was approx-
imately 67 vol% with an error corresponding to about
4 vol%. Thus, using only 5 g dm−3 of particles in the
electrophoretic bath, the two-step method co-deposited
more than 60 vol% of the c-BN particles into a nickel
matrix. Similar results were obtained with other types of
ceramic particles in our previous experiment [8]. These
results show that the two-step method can be used to
incorporate a high vol% of a variety of particles into a

nickel matrix using relatively low amount of particles
in a bath compared to that of a single-step classical
plating bath. Moreover, the amount of particles de-
posited from the single-step technique is often less than
the amount of particles needed in a coating for most

Figure 3 Weight loss of material worn out from the (�) Ni/c-BN com-
posite film of Fig. 2, (♦) a stainless steel plate, and (�) an electrode-
posited nickel coating during a wear experiment.
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engineering work. In such cases, the proposed two-
step technique of composite plating may be a promising
technique.

During the wear test, the specimen was moved
to-and-fro against the counter surface under various
applied loads. This back-and-forth movement of the
specimen produced a constant worn surface area with
dimensions of 33 mm × 10 mm. The wear resistance
of the composite film was measured here in terms
of the weight loss per square meter of the material
against different applied loads (Fig. 3). The wear
resistances of a stainless steel plate and the particle-
free electrodeposited nickel obtained from the same
bath and conditions as that for the two-step coating
are also shown in Fig. 3. As evident from this figure,
the wear resistance of the Ni/c-BN composite film is
much higher than that of the stainless steel and the
particle-free electrodeposited nickel. Weight loss of
the wear of the Ni/c-BN coating was negligible and did
not increase significantly with the applied load as in the
case of steel and nickel. This better wear performance
of the Ni/c-BN coating might be due to the presence
of a high vol% of the c-BN particles, which have
super hard and super abrasive nature. As a result of
its extremely good wear performance, the Ni/c-BN
composite film prepared by the proposed two-step
method may be applied to various tools for cutting,
drilling and grinding super hard alloy of steel and other
materials.
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