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Since many decades, metals and alloys are widely used in
substitution for anatomical structures due to their extraordinary
mechanical properties. Stainless steel (SS), cobalt-chromium (Co-Cr)
alloys and titanium (Ti) and its alloys are among the metals known to
be used in orthopedic implant devices [1,2]. Among these, type 316L
SS is widely employed for implantation purposes in orthopedic surgery
due to its corrosion resistance, cost effective and superior mechanical
properties [3]. However, the uncoated SS is susceptible to corrosion
due to chemical and electrochemical degradation at some finite rate
[1] which leading to the reduction of the ultimate strength of SS
and possibly caused mechanical failure of implant and may impose
revision surgery [4]. This limitation could be minimized if the SS is
able to be coated with multiwall carbon nanotubes (MWCNTs) and
hydroxyapatite (HA).

HA is one of the major constituents in bone and teeth as it’s
bioactive and biocompatibility behavior enabled it to interact with
surrounding bone. However, HA have poor mechanical properties
as it has limitation in forming into complex shapes with control
microstructures [3,5-7]. MWCNTs are attractive for biomedical
applications especially for developing nanofibrous bioactive surfaces
with HA for its extraordinary high mechanical strength and nano-scale
morphology [8-11]. The mechanical reinforcement of HA layers could
be obtained using different types of MWCNTs (pristine MWCNT and
functionalized MWCNT) to achieve good dispersion of MWCNTSs in
ceramic matrix and to induce the ideal interface between MWCNTs and
HA [8]. Electrophoretic deposition (EPD) is proposed as the attractive
and promising technique for production of unique microstructures
and nanostructures with complex materials combination. In this
work, MWCNTs and HA layers are deposited on SS using EPD and
was proposed to be used as the anatomical substitution in orthopedic
implant. EPD is a simple electrochemical process that widely been
used for polymers coating [8,12-15]. This technique is gaining intense
interests for the production of novel coatings or films of MWCNTs on
conductive substrate due to its simplicity, cost effective (not involved
any complex procedure or reaction), versatility to be applied for
different materials and combination of materials, and required only
basic equipment with the ability to scale-up to large product volume
and sizes [16,17]. In addition, EPD has the ability to produce uniform
deposits with high microstructural homogeneity, provide adequate
control of deposit thickness, and deposit coatings on wide range of
shapes, 3D complex and porous structure [13,15-17].

Despite its huge potential in production of microstructures coatings
or films, more experiments and theoretical studies need to be done to
fully understanding the mechanism of EPD. Most of the previous studies
of EPD were conducted using unsatisfactory and time consuming trial
and error approaches due to lack of availability relationship that linked
the parameters of EPD with final deposit properties [15]. EPD used
electrophoresis mechanism to move the charged particles in suspension
by applying an electric field to deposit them in an ordered manner on
a substrate to coat thin and thick film [16,18]. Key factor to achieve

successful deposition of materials using EPD is to produce a stable
suspension with low ionic conductivity in which the particles have high
zeta potential [17,19,20]. Zeta potential relates to particles double’s
layer thickness which affects the particle agglomeration and stability
of suspension. When zeta potential value is zero, surface charge is also
zero and electrostatic interaction at this point would be minimize and
caused the suspension particles tend to agglomerate. Water has been
considered as the suitable solvent for suspension preparation due to
its advantages in cost and environmental friendly compared to organic
solvent [17]. Furthermore, water possess higher dielectric constant
which leading to higher electrophoretic mobility and zeta potential [21].
Figure 1(a) shows the electrophoretically deposited of functionalized
MWCNTs of MWCNT-OH on type 316L SS, followed by deposition
of HA on coating layer of MWCNT-OH as shown in Figure 1(b). The
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Figure 1: High magnification field emission gun scanning electron microscopy
images of (a) MWCNT- OH coating on SS and (b) HA coating on SS/IMWCNT-
OH.
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surface oxides on the MWCNT-OH could electrostatically stabilize the
aqueous suspension for certain period of times as reported by Thomas
et al. [22]. The functionalization process could reduce the MWCNT
length which minimizing the aggregates present in suspension. The
homogeneity of MWCNT-OH coating layer on SS in 2D orientation
could be appreciated with no micro-cracks observed by inspection at
different magnification after it went through drying process. However,
voids and pits could be observed on surface of HA coating layer due to
high voltage used [23]. HA suspension precipitated and settles down
very fast before HA particles could deposit on the substrate, whereas
high voltage used in order to overcome this limitation. High voltage
promoted the formation of hydrogen evolution via electrolysis of
water [17] which increased the porosity of coating [23] and resulted
in inhomogeneous deposition of HA. Lower voltage could be used to
prevent hydrogen evolution if the stability of HA suspension could be
increased.

An effective biomaterial that ideal as bone replacement should
possess the biocompatible, bioactive, osteoconductivity [24], superior
mechanical properties [8,23,25] and excellent corrosion resistance. So,
is it the type 316L SS coated with MWCNTSs and HA is the answer for
future material to be used in orthopedic implant? While the deposition
of MWCNTs and HA have indeed met the required characteristics
and properties of the ideal bone replacement material, more in vitro
and in vivo tests in appropriate simulation of human environment
need to be performed in order to investigate the corrosion behavior
of SS coated with MWCNTs and HA before it could be accepted to
replace the current used of type 316L SS [2]. Therefore, the corrosion
behavior of MWCNTSs and HA layers deposited on SS is proposed to be
investigated using in vitro electrochemical techniques, which included
electrochemical impedance spectroscopy (EIS) and potentiodynamic
polarization curve studies [3,26] to determine the acceptability of
modified SS to be used in orthopedic implant devices.
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