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ABSTRACT 
 
Titania (TiO2)/carbon nanotube (CNT) composite array 

was successfully prepared by growing TiO2 on every CNTs 
of the CNT array. The sample preparation included 3 steps. 
First, CNT array on Si substrate was prepared by flowing 
acetone vapor through Co-deposited Si wafer at 850  ℃
heating temperature under argon and ammonia in a tube 
oven. Next, Ti was deposited on the CNT array using a DC 
sputter, where the thickness of deposited titanium could be 
adjusted. The final step involved oxidation of titanium in 
air under 400℃ heating temperature. The resulted 
morphology was of coaxial structure, where TiO2 layer 
wrapped the inner CNTs. The TiO2 layer was of anatase 
phase from the SAED analysis. Adsorption spectrum 
reveals the TiO2/CNT composite array have both the UV 
and vis.-light absorptions. The ratio of UV/vis.-light 
absorption increased with the increasing thickness of TiO2 
(using CNT/Ti, thickness ratio, as an index). However, if 
the TiO2 thickness was too large, the ratio of UV/vis.-light 
absorption cannot be furthered increased. The vis.-light 
absorption of TiO2/CNT composite array is resulted from 
the change of electron density of Ti due to the metal-
support interactions between TiO2 and CNT. 
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1 INTRODUCTION 
 
Titania is well known for its photocatalytic capability in 

the UV range, due to the corresponding band gap. In order 
to increase the absorption range, particularly in vis. light, 
titania capable of visible-light absorption has been prepared 
by doping of light elements such as C, N, F, P and S [1, 2]. 
To increase the surface area, titania nanotubes were 
synthesized by template synthesis [3, 4] and hydrothermal 
reaction [5]. Recently, titania nanotubes can be readily 
obtained by soaking the titanium substrate in hot NaOH 
solution [6]. In this study, the coaxial TiO2/CNT nanotube 
array is prepared in order to have the visible-light 
absorption, large surface area and the confinement effect 
from the organized array as well. 

 
2 EXPERIMENTAL 

 
A layer of Co film, served as catalyst to grow CNT, was 

deposited on the Si substrate by a DC sputter and the film 
thickness was around 7 nm. The as-deposited substrate was 

placed in a tube furnace set at a temperature of 850 . ℃
Acetone was the carbon source and acetone vapor was 
brought into the furnace by the carrier gas of nitrogen at a 
rate of 200 sccm, after the furnace reached the setting 
temperature. Prior to the introduction of acetone vapor 
ammonia was fed into furnace at a rate of 100 sccm. CNT 
array with good alignment was grown on the substrate. The 
as-grown CNT array was placed in the sputter to coat a 
layer of Ti film with various thickness on individual CNTs. 
Then, the Ti film outside of CNT was heated in air at a 
temperature of 400 ℃ to oxidize the Ti film, allowing the 
formation of TiO2/CNT coaxial composite array on the Si 
substrate. The above procedures were schematically shown 
in Fig. 1. The products in each steps were analyzed by 
scanning electron microscopy (SEM, Jeol, JSM-5410), 
filed-emission scanning electron microscopy (FESEM, 
Hitachi, s-4800), transmission electron microscopy (TEM, 
Hitachi, s-2400FK), energy dispersive spectrum (EDS, 
Oxford, Link ISIS 300), X-ray photoelectron spectroscopy 
(XPS, VG ESCA AE-085), UV-visible spectroscopy (Jasco 
FTIR-430). 

       

 
 

Fig. 1: Schematic of experimental procedures 

3 RESULTS AND DISCUSSIONS 
 
 
3.1 Preparation of CNT array 

The preparation of CNT array on Si substrate is the 
fundamental infrastructure for the desired TiO2/CNT 
coaxial composite array. Fig. 2 shows the SEM image of  
as-grown CNT array on the Si substrate, indicating good 
alignment of CNTs and low density nature of CNT array. 
TEM image in Fig. 3 shows the CNT was multi-walled and 
the length was about 3 µm. The inner and outer diameters 
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were respectively 14 and 30 nm. SAED pattern indicates 
the (002), (101) and (112) planes of CNT.     
 

 
 
 

 
 
3.2 Ti-coated CNT array 

Due to the low density of CNT array, Ti film was 
successfully deposited on every CNTs, as shown in Fig. 4. 
The array structure remained in tact. TEM image of Ti-
coated CNT was shown in Fig. 5. EDS spectrum pointed 
out the coated layer was Ti. The diameter of Ti-coated CNT 
was around 64 nm, indicating the coated thickness of Ti is 
about 17 nm. The thickness of Ti layer can be readily 
adjusted. The morphology of Ti-coated CNT was brush-like, 
with hairs uniformly pointing outwardly. It is noted that the 
density of CNT array is crucial to the deposition of Ti 

coating. Thus, the density of CNT array should be neither 
too high nor too low. 
 

 
 
 

 
 
3.3 TiO2/CNT coaxial composite array 

The layer of Ti coating outside of CNT transforms to 
TiO2 by oxidation in air at the elevated temperature. Figure 
6 shows the TEM image of CNT coated with TiO2. The 
diameter of the TiO2/CNT coaxial nanotube was about 84 
nm, increasing from the 64 nm of Ti/CNT coaxial nanotube. 
The increase of diameter is due to the participation of 
oxygen atoms in Ti-O bondings. SAED pattern in Fig. 6 
shows the coexistence of CNT (002) and TiO2 (101) planes, 
and shows the TiO  is of anatase phase. Comparing to the 2
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brush-like morphology of Ti/CNT nanotube, the surface of 
TiO2/CNT nanotube is much smoother. This may due to the 
nucleation and annealing of TiO2 during the oxidation 
treatment to smooth out the rough Ti grains. Nevertheless, 
the outer surface of TiO2 still show the wavy signature of Ti 
film. Fig. 7 shows the FESEM image of TiO2/CNT coaxial 
array, where the alignment was slightly deteriorated. The 
possible cause for the deterioration is the large variation of 
oxidation rate throughout the entire array. 
 
 
 

 
 

 
 
 
 

3.4 Absorption spectrum 

TiO2/CNT coaxial arrays with different TiO2 thickness 
were prepared by controlling the thickness of Ti coated 
layer. Absorption spectra of these samples were given in 
Fig. 8, showing the emergence of visible-light absorption 
besides the UV one. This indicates the shift of absorption 
from UV to visible-light range. Moreover, also given in Fig. 
8, when the TiO2 thickness increased, the intensity of 
visible-light absorption increased accordingly, along with 
the decrease of UV absorption. However, if the TiO2 
thickness was too large, the ratio of UV/vis.-light 
absorption cannot be further increased. The underlying 
causes for the appearance of visible-light absorption and the 
shift of absorption should due to the coaxial structure 
between TiO2 and CNT. It is well known that the surface of 
CNT is apt to bonding to the -OH or –COOH functional 
groups. During the growth of TiO2, Ti atoms at the CNT-
TiO2 interface between bonds with the oxygen atoms of  -
OH and -COOH functional group. Fig. 10 shows the XPS 
spectrum, where C-O and C-O-C bondings indicates the 
functional groups at the CNT surface. In additions, most of 
the Ti is in the form of Ti4+ (TiO2) and the rest is in the 
form of Ti3+(Ti2O3) and Ti2+(TiO). Because the electron 
density readily influences the bandgap, the changing 
electron density of Ti results in the appearance of visible-
light absorption. The intensity of absorption shift depends 
on the degree of increasing electron density of Ti, which is 
proportional to the relative content of carbon in the 
interface. It is worthy to note that this change of Ti’s 
electron density is due to the metal-support interactions [7, 
8] taking place at the TiO2 and CNT interface, which is 
different from the doping effect [1]. 
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4 CONCLUSIONS 
Titania (TiO2)/carbon nanotube (CNT) composite array 

was successfully prepared by growing TiO2 on every CNTs 
of the CNT array. The resulted morphology was of coaxial 
structure, where TiO2 layer wrapped the inner CNTs. The 
TiO2 layer was of anatase phase. Adsorption spectrum 
reveals the TiO2/CNT composite array have both the UV 
and vis.-light absorptions. The ratio of UV/vis.-light 
absorption increased with the increasing thickness of TiO2 
(using CNT/Ti, thickness ratio, as an index). However, if 
the TiO2 thickness was too large, the ratio of UV/vis.-light 
absorption cannot be furthered increased. The vis.-light 
absorption of TiO2/CNT composite array is resulted from 
the increase of electron density of Ti due to the metal-
support interactions between TiO2 and CNT. 

 
 

REFERENCES 
[1] R. Asahi, T. Morikawa, T. Ohwaki, K. Aoki, Y. 

Taga, Science 293, 269, 2001. 
[2] T. Ihara, M. Miyoshi, M. Ando, S. sugihara, Y. 

Iriyama, J. Mat. Sci, 36, 4201, 2001. 
[3] T. Kasuga, M. Hiramatsu, A. Hoson, T. Sekino, K. 

Niihara, Langmuir 14, 3160, 1998. 
[4] B.B. Lakshmi, P.K. Dorhout, C.R. Martin, Chem. 

Mater. 9, 857, 1997. 
[5] T. Kasuga, M. Hiramatsu, A. Hoson, T. Sekino, K. 

Niihara, Adv. Mater. 11, 1307, 1999. 
[6] Z.R. Tian, J. Liu, B. Mckenzie, H. Xu, J. Am. 

Chem. Soc. 125, 12384, 2003. 
[7] A. Honji, L.U. Gron, J.-R. Chang, and B.C. Gates, 

Langmuir 8, 2715, 1992. 
[8] J.-R. Chang, L.U. Gron, A. Honji, K.M. Sanchez, 

and B.C. Gates, J. Phys. Chem. 93, 9944, 1993. 

20 NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-6-5 Vol. 1, 2006


	573.pdf
	Centre de Recherche sur la Matière Condensée et Nanosciences – CNRS
	ABSTRACT
	2. COMPUTATIONAL METHODS
	The pristine and relaxed after a heat treatment structures show a spectrum with only one peak corresponding to the unit cell of the zeolite proving that the integrity of the template was conserved. Lee, Han and Hyeon shown experimentally a peak appearing at 23 (2*θ) corresponding to 1.8 Å-1. This peak could be associated to an amorphous region remainder from the experimental method. Moreover, we can see the comparison with an amorphous structure corresponding to a coke of saccharose obtain at 400 K [ ] confirming this possiblity. Recently, Hou et al [ ] have shown a new method to obtain replica with after heat treatment, they improved the texture of the replica. We calculated the Bulk modulus of the faujasite using a GULP model [ ], which is a core-shell potential, giving the Hessian matrix, and after diagonalization, we obtain a Bulk Modulus of Bo=59 GPa. Thus, the hydrostatic properties of the replica were obtain from the calculation of the energy as a function of the hydrostatic pressure, giving a Bo=700GPa for a density of 0.9cc/g. Thus, we have simulated the molecular nitrogen adsorption isotherms at 77K, using a Grand Canonical Monte-Carlo method, and with a LJ model. We obtained a good agreement with some results depending of the samples (see figure 3). However, we did not attribute why we obtained an insufficiency in the quantity of gas adsorbed compared to the best replica of Kyotani, unless an increasing of the porosity during the zeolite leaching, or a mesoporosity underestimated in their experiments or even if a resulting part of amorphous carbon is coexisting in their samples.
	Therefore, to go into the discussion, we calculated the PSD estimated with the Gelb-Gubbins method (see figure 4). Due to this topological method, we can calculate precisely the PSD of our structures and then compare to the DFT method applied to the N2 isotherms. First, the differential PSD curve show that our replica is a completely made of spherical pores with a size of 10 Ǻ diameter offering a high microporosity. Besides, we obtained an adsorbed volume around 0.7cc/g, in good agreement with experimental results.  
	4. CONCLUSION
	We have performed Grand Canonical Monte-Carlo (GCMC) simulations of Chemical Vapour Deposition of carbon faujasite zeolites based on a tight binding model for the adsorbate-adsorbate interactions that enables to account for covalent bonding along with a realistic model for adsorbate-substrate interactions. We obtain a 3D interconnected porous carbon structures from the zeolite faujasite, that is stable upon matrix removal. Beside, we characterized the textural structure of this replica, the nitrogen adsorption properties, and his pore size distribution. The hydrostatic mechanical properties of this replica has exhibited a very higher bulk modulus compared to the faujasite and is really interesting for its very low density. It is presently considered as a possible gas storage device for methane and hydrogen.

	1102.pdf
	Role of Nanoscale Topography on the Super-Hydrophobicity: 
	A Study of Fluoro-Based Polymer Film on vertically Carbon Nanotubes 

	1194.pdf
	ABSTRACT
	1.1 Materials

	1241.pdf
	3.  SUMMARY AND CONCLUSIONS

	1152.pdf
	METHODS

	894.pdf
	ABSTRACT
	CHEMICAL DECONTAMINATION
	BIOLOGICAL DECONTAMINATION


	324.pdf
	ABSTRACT
	Keywords: Polystyrene, Nanoparticles, Glass transition tempe
	INTRODUCTION
	Micron and nano-sized polymer particles have wide field of i
	EXPERIMENTAL
	Materials Preparation
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENT

	REFERENCES




	489.pdf
	 
	Materials


	1576.pdf
	CRCA Cantilever Property




