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Abstract: A homogenous TiO, / multi-walled carbon nanotubes(MWCNTs) composite film were prepared by
electrophoretic co-deposition from organic suspension on a stainless steel substrate. In this study, MWCNTs was
incorporated to the coating because of their long structure and their capability to be functionalized by different
inorganic groups on the surface. FTIR spectroscopy showed the existence of carboxylic groups on the modified carbon
nanotubes surface. The effect of applied electrical fields, deposition time and concentration of nanoparticulates on
coatings morphology were investigated by scanning electron microscopy. It was found that combination of MWCNTs
within TiO, matrix eliminating micro cracks presented on TiO, coating. Also, by increasing the deposition voltages,
micro cracks were increased. SEM observation of the coatings revealed that TiO, /multi-walled carbon nanotubes
coatings produced from optimized electric field was uniform and had good adhesive to the substrate.
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1. INTRODUCTION

Electrophorectic deposition (EPD) is a famous
method to produce carbon nanotube — ceramic
nanocomposite coatings and films from powder
suspensions [1]. EPD is achieved via movement of
charged particles in aqueous or organic suspensions
and deposited onto an oppositely charged electrode
under the action of an applied electric field. EPD can
produce thin and nanostructure films on different
and irregular shaped substrates with short deposition
time, no required binder, easy control of coating
thickness, low cost and production of a film with
high purity [1-2].

TiO, due to its high biocompatibility, chemical
stability and thermal durability as well as high
hardness and corrosion resistance, making it a
very attractive material for biomedical
applications, high efficient solar cells and wear
protection coatings [3-8]. Photocatalysis is
another field where TiO, is used, the crystalline
phase anatase being a very effective
photocatalyst with wide band gap [9-11].

MWCNT are composed of concentric tubes
that are held together by van der waals bonding
between the layers. The properties of nanotubes
depend on the helicity (the orientation between

the graphitic hexagons and the nanotube axis),
the diameter and length of the tubes, and the
crystalline quality [12]. The high potential of
CNTs for applications in functional and
biomedical devices is based on their
nanomorphology and outstanding mechanical
and electrical properties [13-15].

Composing of CNTs and TiO, nanoparticles
can lead to exciting novel composite materials
and devices for development of functional
applications, biomedical implant coatings and
tissue engineering scaffolds [16-17]. CNTs are
outstanding  carrier substrates for TiO,
nanoparticles [18], because CNTs have a wide
range of length scale, its ability of forming a
carboxylic group on the surface [12,19-21] and
high surface area.18 Moreover a dispersion of
TiO, on the MWCNTs surface could create many
active sites for the photocatalytic degradation
[22] improvement of TiO, mechanical properties
[21]. In addition, Jarernboon et al. found that
carbon nanotubes could be a suitable material in
diminishing TiO, film crack and improving the
solar cell efficiency [21]. Adding a material
which is long and contains carboxylic group into
the TiO, solution, should result in bonding to the
hydroxyl groups on the surface of TiO, particles.
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In this study, the effect of the carbon nanotube
concentration and deposition voltages on
microcracks formation was investigated.

2. Experimental procedure
2. 1. Modification of MWCNTs

Multiwall carbon nanotubes (MWCNTs) were
modified by nitric acid in ultrasonic bath for 10
min and refluxed in boiling points of acid then
the oxidized tubes were washed to pH [7], giving
a yield of about 50 wt%.

2. 2. Preparation of TiO, and TiO,/MWCNTs Films

The stainless steel 3161 was used as cathode
and anode for coating the TiO, film and
TiO,/MWCNTs composite films were prepared
by electrophoretic co-deposition. The used TiO,
nanoparticles was the commercially available
type P25 (Degussa, Germany) with particle size
21nm. The TiO, suspension consists of 0.5g
nanocrystalline TiO, powder and 0.04g I, in 50
ml acetylacetone. The TiO, films were prepared
at different voltages (10V, 15V and 20V) for 4
min deposition time. The TiO,/MWCNTs
suspensions were contained at various weight
ratios of CNT to TiO, (1:4 and 1:100).

2. 3. Characterization of Deposits

The surface morphology of coatings was
analyzed by scanning electron microscopy
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(SEM). The film -crystallization and carbon
nanotubes chemistry was characterized by X-ray
diffraction and Fourier transform infrared
(FTIR), respectively. FTIR was used to recognize
the presence of COOH groups on the modified
carbon nanotube.

3. RESULTS AND DISCUSSION
3. 1. Characterization of TiO, Deposits

Fig. 1 shows the XRD pattern of the TiO,
nanopowders that was used for the present work.

Its crystallographically is composed of anatase
(70%) and rutile (30%). The TiO, coating was
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Fig. 1. XRD pattern of the titania raw materials
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Fig. 2. Low magnification SEM images at TiO, films deposited at (a) 10 V (b) 15 V (c) 20 V in constant times 4min.
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successfully produced on stainless steel 316 by
EPD. Due to electrostatic attraction force
between TiO, and a cathode surface,
nanoparticles were deposited on the conductive
substrate. TiO, nanopowders make the
electrostatic force with the cathode surface,
because TiO, nanoparticles were accumulated
with positive charges which were generated from
an interaction between I, and acetylacetone [22].
The surface of the pure TiO, coatings in various
voltages were analyzed with SEM as shown in
Fig. 2. These data demonstrate that cracks
increases with an increase of the deposition
voltage on the surface of TiO, films.

3. 2. Synthesis, Characterization of MWCNTs and
MWCNTs Coating

In this study, MWCNTs were used because of
their long structure and their ability in producing
carboxylic groups on the surface. The presence of
COOH on the modified CNTs surface was

analyzed by FTIR spectroscopy and is shown the
existence of C=0, C-O stretching of carboxylic
groups (see Fig. 3). The functionalized carbon
nanotubes film can be prepared on different
substrate by the EPD method [17]. Because of its
negative charged on the surface, MWCNTs can
be deposited on the positive electrodes. SEM
image of the MWCNTs coating by
electrophoretic deposition is shown in Fig. 4.
SEM observation of the TiO, / MWCNTs
deposited reveals that the quality of the coatings
is varied, intensively. As shown in Fig. 5,
combination of MWCNTs within TiO, matrix
prevents microcracks that are presented on the
pure TiO, coating and with increasing the
deposition voltages, the microcracks are
increased. The coating for the weight ratio 1:4
exhibit a homogenous coating without crack at a
10V deposition voltage (a) and by increasing the
voltages (¢ and e), the microcracks were
appeared in the coatings compared with pure
TiO, in the same voltages; the cracks length were
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Fig. 3. FTIR spectra of the acid treated multiwall carbon nanotubes
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Fig. 4. SEM image of MWCNT film obtained by EPD on
stainless steel substrate.

Weight ratio 2 1:4
CNT: TiO2 ;

very short and small. The coatings in
concentration ratio of (CNT:TiO,) 1:100 did not
exhibit uniform surfaces in all applied voltages
because of very low amount of MWCNTs.
MWCNTs eliminate microcracks by creation
the bonding to TiO, nanoparticles via interaction
of carboxylic groups with hydroxyl groups of
TiO, as shown in Fig. 6. By bonding H+ on the
surface of TiO, with negative ions on the surface
of MWCNTs, it probably blocks the way to
interaction hydroxyl groups of TiO, with the
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Fig. 5. Low magnification SEM images of the weight ratio 1:4 and 1:100 CNT:TiO, composite films for all three deposition
voltages (5 'V, 10 V, 15V).
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Fig. 6. Schematic illustrating the possible chemical
interaction between the m modified MWCNTs and TiO,
nanoparticles.

remained carboxylic groups. Therefore, positive
ions are dominant in the suspension and are
moved to cathode electrode [21].

Fig. 6. Schematic illustrating the possible
chemical interaction between the m modified
MWCNTs and TiO, nanoparticles [22].

4. CONCLUSION

TiO,, MWCNTs and TiO,/MWCNTs
composite films could be deposited successfully
on the stainless steel substrate by electrophoretic
deposition. The homogeneity of TiO,/MWCNTs
composite films was dependent upon the weight
ratio of MWCNTs and the deposition voltages. It
was observed that by adding MWCNTs into the
TiO, solution the microcracks of the films were
considerably reduced compared to the TiO,
coatings. The crack problem is reduced by
bonding hydroxyl and carboxylic group on the
surface of TiO, and MWCNTs, respectively.
SEM images revealed that the quality of the
coatings was obtained in weight ratio of 1:4
(MWCNTs:TiO,).
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