Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 21, No. 6, 553-561, 2008

Preparation and photocatalytic degradation of CNT/TiO, composites
using MWCNT and various titanium alkoxide precursors

Ming-Liang Chen', Feng-Jun Zhang"? and Won-Chun OH"*

!Department of Advanced Materials & Science Engineering, Hanseo University,
Seosan-si, Chungnam-do, Korea, 356-706
2Anhui Key Laboratory of Advanced Building Materials, Anhui University of Architecture,
Anhui Hefei, P. R. China, 230022
(Received September 10, 2008, Accepted October 27, 2008)

MWCNT2} 0{2{7}X| E[EIAFAIOIE MTXE ALE5}H0]
CNT/TiO, S&etAe] M=<t ZF0fE3H

Xmar . ZH=Eah2. oolEl *

el akar, A2t AT, QA B
(2008. 9. 10. T4~ 2008. 10. 27. £21)

Abstract: CNT/TiO, composites were prepared by using multiwall carbon nanotubes (MWCNT) and various
titanium alkoxide precursors. The composites were comprehensively characterized by scanning electron
microscopy (SEM), field-emission scanning electron microscopy (FE-SEM), X-ray diffraction (XRD), energy
dispersive X-ray analysis (EDX) and UV-vis absorption spectroscopy. The photoactivity of the prepared materials
under UV irradiation, was tested using the conversion of MB from model aqueous solution. Finally, according
to the results of methylene blue (MB) removal experiment, we could see that sample CTOS have better MB
removal effect than samples CTIP and CTPP.
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1. Introduction

Multiwall carbon nanotubes (MWCNTs) are a
new class of materials which have attracted the
interest of scientists especially due to their electronic,
mechanical properties' and their chemical stability”
related with their nanometric size. Taking into account
the carbon nanotubes characteristics, they could be
used with success as support for thin layer deposition
and also for reinforcement of nanocomposites
materials. The first studies which reported the
coating process of oxides thin layers on MWNTs by
alkoxidic way were realized by Seeger et al*, who
coated the nanotubes surface with SiO, and Hernadi
et al.* who covered the MWNTs surface with ALO;.
Using the sol-gel method, Vincent er al’ obtained
TiO-MWNTs thin film nanocomposites, where
MWNTs (about 1 wt%) act as reinforcement for the
thin films. Moreover, in our work,*” we have been
prepared CNT/TiO, composites which have excellent
activity for organic dye and also explain the
combination effects between TiO, and MWCNTs
with plausible photodegradation mechanism.

Titanium (IV) oxide (TiO,) has attracted much
attention mainly in expectation of being applied to
environmental photocatalytic processes such as
deodorization, prevention of stains, sterilization,® and
removal of pollutants from air and water.”'" For the
realization of their practical application, development
of highly active TiO, photo- catalyst is keenly desired.
Based on the kinetic investi- gation of photocatalytic
reactions, Ohtani et al. has pointed out that TiO,
particles having both large surface area and high
crystallinity must exhibit higher photocatalytic
activity.'"” The former property should increase the
amount of surface-adsorbed substrate (s) to enhance
the capture of photogenerated electron (e¢7) and
positive hole (h"), and the latter, i.e., less defects
acting as the recombination center, should suppress
mutual € -h* recombination.

In present paper, we use MWCNT and different
titanium alkoxide precursors to prepare CNT/TiO,
composites. Three titanium alkoxides were compared:
titanium (IV) isopropoxide (TIP, Ti{OCH(CHjs),}4),

titanium (IV) propoxide (TPP, Ti(OCH,CH,CHj3),)
and titanium (IV) oxysulfate (TOS, TiOSO,). To
compare the property, the corresponding composites
were characterized by SEM, FE-SEM, XRD and
EDX. To compare the photocatalytic decomposition,
the CNT/TiO, composites were also determined by the
methylene blue (MB, CcH;sN;S-Cl-:3H,0) in an
aqueous solution under UV irradiation.

2. Experimental

2.1 Materials

Crystalline MWCNT powder of 95.9 wt.% purity
from Carbon Nano-material Technology Co., Ltd,
Korea (diameter: ~20 nm, length: ~5 mm) was used as
a starting material. The TIP, TPP and TOS as a
titanium source for the preparation of CNT/TiO,
composites were purchased from Kanto Chemical.
Co., Inc (TOKYO, Japan), Aldrich Chemical Company
and Sigma-Aldrich, respectively. For the oxidization
the surface of MWCNT, m-chloroperbenzoic acid
(MCPBA) was used as an oxidized reagent which
was purchased from Acros Organics, New Jersey,
USA. Benzene (99.5%) and H,SO, (98%) was used as
an organic solvent which was purchased from
Samchun Pure Chemical Co., Ltd, Korea. The MB
was used as analytical grade which was purchased
from Dukan Pure Chemical Co., Ltd. It was selected
because it can be readily under anaerobic conditions to
produce potentially more hazardous aromatic amines.
The structures of TIP, TPP, TOS and MB are displayed
in Scheme 1.

22. Synthesis and characterizatons of CNT/
TiO, composites

In this experimental, at first, for preparing the
oxidizing agent, 0.96 g MCPBA was melted in 60
mL benzene. And then, 0.2 g MWCNT was put into
the oxidizing agent, refluxed at 353 K for 6 h until
the solid precipitates were formed and dried at 363
K. On the other hand, 0.7 g TOS was melted in 100
mL of 0.1 mol/L H,SO, to prepare the TOS solution.
The oxidized CNT was mixed into 20 mL of TIP,
TPP and TOS solution and then the solutions were
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Scheme 1. The structures of (a) TIP, (b) TPP, (c) TOS and (d) MB.

Table 1. Nomenclature of samples prepared with MWCNT
and various titanium alkoxide precursors

Samples Nomenclatures
0.2 g MWCNT + 20 mL Titanium(IV) CTIP
isopropoxide (TIP)
0.2 g MWCNT + 20 mL Titanium(IV) CTPP
propoxide (TPP)
y + i i
0.2 g MWCNT + 20 mL Titanium(IV) CTOS

oxysulfate (TOS)

homogenized under reflux at 343 K for 5 h using a
magnetic stirrer in a vial. After the stirring the
solutions were transformed to the CNT/TiO, gels,
and these gels were heat treated at 973 K for 1 h with
a heating rate of 279 K/min. The preparation
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condition and code of samples were listed in Table 1.

Synthesized powders were characterized by
various techniques. SEM was used to observe the
surface state and structure of the CNT/TiO,
composites were carried out by using a JSM-5200
JOEL electron microscope (Japan). XRD was used
for crystal phase identification and estimation of
the anatase-to-rutile ratio. XRD patterns were
obtained at room temperature with a Shimata XD-
D1 (Japan) using CuKa radiation. EDX was used to
measure the elemental analysis of the CNT/TiO,
composites. UV-vis spectra for the MB solution
degraded by CNT/TiO, composites under UV ray
irradiation were recorded using a Genspec III
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Fig. 1. Schematic diagram showing the procedure for the
preparation of CNT/TiO, composites.

(Hitachi, Japan) spectrometer. The flow chart in Fig.
1 provides a summary of the route to prepare CNT/
TiO, composites and their characterization.

2.3. Photocatalytic decomposition

The photocatalytic effect of CNT/TiO, composites
was determined using MB decomposition in aqueous
solution under an UV lamp (356 nm, 1.2 mW/cm?).
Because the characteristic dyes concentrations in
wastewater from textile industry were in the range of
3.0x107 to 1.5x10#mol/L," so the initial MB concen-
tration was chosen 1.0x107> mol/L. The amount of
suspended composites was kept at 1 g/L in 50 mL
MB solution. Before turning on UV lamp, the
solution mixed with composites was kept in the dark
for at least 2 h, allowing the adsorption-desorption
equilibrium to be reached. Then, the solution was
irradiated with UV. The first sample was taken out at
the end of the dark adsorption period (just before the
light was turned on), in order to determine the MB
concentration in solution, which was hereafter
considered as the initial concentration (c,) after dark
adsorption. Samples were then withdrawn regularly
from the reactor by an order of 10 min, 20 min, 30
min, 40 min, 50 min and 60 min, and immediately
centrifuged to separate any suspended solid.

The clean transparent solution was analyzed by
using a UV-vis spectrophotometer (250~750 nm).'*>
The spectra (550-750 nm) for each sample were

recorded and the absorbance was determined at
characteristic wavelength 660 nm for the each MB
solution degraded.

3. Results and Discussion

3.1. Characteristics of CNT/TiO, composites

A low-magnification SEM images and a high-
magnification FE-SEM images of CNT/TiO,
composites prepared with MWCNT and different
titanium alkoxide precursors were showed in Fig. 2.
It seems that MWCNT introduced into TiO, can
prevent TiO, particles from agglomerating, conse-
quently increasing its surface area of the composite
materials. Meanwhile, the absence of MWOCNT
aggregated pores in the composite catalysts suggests
a homogeneous coverage of TiO, over MWCNT.
This effect is just supported by FE-SEM observation
of sample CTOS (Fig. 2(f)). The morphologies of
sample CTOS feature relatively homogeneous TiO,
supported on MWOCNT without apparent agglo-
meration of TiO, particles. But on the other hand,
from the FE-SEM observations of samples CTIP and
CTPP (Fig. 2(b) and (d)), we can observe the
agglomeration of TiO, particles with a little
existence of MWCNT on the TiO, surface and the
MWCNTs may be embedded into these aggregates.
So it can be considered that the photocatalytic effect
of sample CTOS will be better than that of samples
CTIP and CTPP.

The X-Ray diffractograms of CNT/TiO, composites
prepared with CNT and different titanium alkoxide
precursors after heat treatment at 973 K for 1 h are
presented in Fig. 3. As we known, the anatase
phase formed below 773 K starts to transform to
rutile-type structure above 873 K and changed
into single phase of rutile at 973 K-1173 K.'>!¢
But in the case of the samples CTIP and CTPP, the
patterns indicate that both anatase and rutile
structures presented when they annealed at 973 K.
It was agree with the previous works™'™'"® which
evidenced that CNT/TiO, composites had a
mixing structure of anatase and rutile crystals by
crystallization when the temperature reached 973

Analytical Science & Technology
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Fig. 2. SEM and FE-SEM images of CNT/TiO, composites; CTIP: (a) and (b); CTPP: (c) and (d); CTOS: (e) and (f).

K. However, in the case of CTOS, it is not only
anatase (TiO,) structure kept up without any rutile
structure, but also some new peaks appeared,
which belong to ZnTiO;. Chai et al."® indicated that
the ZnTiO; powders begin to crystallize at 773 K.
And the ZnTiO; is an attractive material for
applications in microwave dielectrics, catalysts and
phosphors.*” So we can be considered that the CTOS
would show an excellence MB degradation effect.
The EDX spectra of CNT/TiO, composites prepared
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with  MWCNT and different titanium alkoxide
precursors are shown in Fig. 4. From the spectra, it is
confirmed that the presence of main elements such as
C, O and Ti in all of the samples. But some impure
elements such as Fe, Zn, Cu, Au and V are existed
only in samples CTIP and CTOS, which may be
derived from the titanium alkoxide precursors TIP and
TOS. The EDX elemental microanalysis (wt. %) of
CNT/TiO, composites is listed in 7able 2. From the
data, we can also see that the samples CTIP and CTPP
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Fig. 3. The XRD patterns of CNT/TiO, composites which were heat treated at 973 K. (a) CTIP, (b) CTPP and (c) CTOS.
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Fig. 4. EDX elemental microanalysis of CNT/TiO, composites, (a) CTIP, (b) CTPP and (c) CTOS.

are very rich in O and Ti metals with very poor in C
element. However, the sample CTOS have almost
same amount of C, O and Ti elements. So it can be
explained the appearance of their FE-SEM obser-
vations as mentioned above.

3.2. Photocatalytic activity of CNT/TiO,
composites

The absorption spectra of MB were recorded with
an UV-vis spectrophotometer for determination of
concentration of dye in the wavelength range from
250 to 750 nm. Fig. 5 shows the absorption spectra
of MB solution under UV irradiation as function of
various time conditions for CNT/TiO, composites
prepared with MWOCNT and different titanium
alkoxide precursors. The absorbance of MB solution
showed only one maximum, which was observed at
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Table 2. EDX elemental microanalysis (wt%) of CNT/TiO,

composites
Elements
Samples
(0] Ti Others
CTIP 5.35 43.02 50.85 0.78
CTPP 6.21 43.93 49.86 -
CTOS 34.36 28.46 32.37 4.81

660 nm. There existed a linear relationship between
the absorbance and irradiation time, so the 660 nm
was used to monitor the photocatalytic efficiency on
the degradation of MB. From the spectra of Fig. 5,
we can also observe that the absorbance maxima for
all samples decrease with an increase of UV
irradiation time. This result suggests that the color of
MB solution is removed, so it can be considered that
the concentration of MB solution may be decreased.
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Fig. 5. UV/VIS spectra of MB concentration against the
CNT/TiO, composites under various time conditions;
(a) CTIP, (b) CTPP and (c) CTOS.

Furthermore, the absorbance maxima of the sample
CTOS is much more decreased than that of the
samples CTIP and CTPP in the same irradiation time.
So we can consider that the CTOS will have better
photocatalytic degradation of MB solution than that
of the CTIP and CTPP. On the other hand, it is noted
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Fig. 6. Dependence of relative concentration of MB in the
aqueous solution ¢/cy on time of UV irradiation for
the CNT/TiO, composites; MB : 1.0x10™ mol/L..

that the absorbance of the CTPP shown a suddenly
decrease from 0 min to 10 min and a gradually
decrease from 10 min to 60 min, it can be considered
that the degradation of MB solution should be
expressed mainly in range of 0 min to 10 min (it can
be ascertained in the further results).

The photocatalytic removal of MB from model
aqueous solutions was investigated using UV light
irradiation source. The changes in relative concentration
(c/cp) of MB in the aqueous solution on time of UV
irradiation time for the CNT/TiO, composites were
shown in Fig. 6. After 60 min, the highest degradation
of MB solution was achieved with the sample
CTOS, which was almost removed 95%. And the
MB degradation of samples CTIP and CTPP were
also achieved at 64% and 68%, respectively. As
mentioned above, the sample photocatalytic removal
of MB for the sample CTPP shown a suddenly
decrease from 0 min to 10 min and a gradually
decrease from 10 min to 60 min, which means the
photodegradation of MB was mainly occurred at
initial 10 min. Meanwhile, the samples CTIP and
CTOS had the same photocatalytic removal of MB
at initial 10 min. But from 10 min to 60 min, the
slope of CTOS was almost two times as that of
CTIP, which means that the photodegradation rate of
MB using sample CTOS as catalyst is two times as
that using sample CTIP as catalyst. On the other
hand, as have been indicated in our earlier works, the
TiO, particles with anatase structure have a better

Analytical Science & Technology
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photocatalytic activity.'**! However, the present results
shown that the samples CTIP and CTPP contained
both anatase and rutile structures. But the sample
CTOS had not only anatase structure (TiO,), but also
ZnTiOs structure, which was also a catalyst. So the
sample CTOS had a better photocatalytic effect than
the samples CTIP and CTPP.

4. Conclusions

CNT/TiO, composites were prepared by using
MWCNT and different titanium alkoxide precursors.
In case of sample CTOS, there is a homogeneous
coverage of TiO, over MWCNT and less agglo-
meration of TiO, nanoparticles on MWCNT surface.
However, in case of samples CTIP and CTPP, there is
a large amount of TiO, particle aggregates and small
amount of CNT particles, and the MWCNTs were
embedded into these aggregates. It can be also
observed that samples CTIP and CTPP have a
mixture structures anatase and rutile when they heat
treated at 973 K. However, in the case of CTOS, it is
not only anatase (TiO,) structure kept up without any
rutile structure, but also some new peaks appeared,
which belong to ZnTiO;. From the EDX data, the
main elements such as C, O and Ti were existed in all
of the samples and other impure elements were also
existed only in samples CTIP and CTOS. Finally,
according to the results of MB removal experiment,
we could see that sample CTOS have better MB
removal effect than samples CTIP and CTPP.
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