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ABSTRACT

In this study, we successfully prepared CNT/TiO
2
, Pt/CNT and Pt/CNT/TiO

2
 composites and investigated their photocatalytic

activity in MB solution by irradiation under UV light. Fourier transform infrared (FT-IR) spectroscopy was used to characterize

the functional group on the surface of MWCNTs, which oxidized by MCPBA. Brunauer-Emmett-Teller (BET) surface area, trans-

mission electron microscopy (TEM), X-ray diffraction (XRD) and energy dispersive X-ray (EDX) were used to analyze the pre-

pared composites. The results of the decomposition of the MB solution indicated that the Pt/CNT/TiO
2
 composite had the best

photocatalytic activity among the three kinds of composites. 
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1. Introduction

he advantages of titania photocatalysis, such as strong

resistance to chemical and photocorrosion, low opera-

tional temperature, low cost, and significantly low energy

consumption, have led the relevant applications to the stage

of commercialization.1,2) Upon band-gap excitation of TiO
2
,

the photoinduced electrons and positively charged holes can

respectively reduce and oxidize species adsorbed on the

semiconductor particles. The high degree of recombination

between photogenerated electrons and holes is a major fac-

tor which limits the photocatalytic efficiency.3) Improvement

of the photocatalytic activity of TiO
2
 is one of the most

important aspects of heterogeneous photocatalysis. Attempts

to increase the TiO
2
 efficiency have been made by doping

and coating with transition metals or noble metals4-8) and by

combining the effects of two semiconductors or covering the

surface with dye microcrystallites to increase the optical

absorption in the visible range.9-13)

Multi-walled carbon nanotubes (MWCNTs) have attracted

considerable attention since their discovery. Taking advan-

tage of the unique electronic and physical properties of the

MWCNTs, we expect that the combination of the MWCNTs

with TiO
2
 may induce an interesting charge transfer and

thus enhance the photocatalytic activity of TiO
2
. The appli-

cation of TiO
2
 photocatalysts in the presence of MWCNTs

has been reported to enhance chemical reactions.14)

Although various methods for the preparation of carbon

nanotube (CNTs)/TiO
2
 composites have been reported in the

literature,15,16) the photocatalytic properties of CNTs/TiO
2

composite photocatalysts remain largely unexplored. In our

previous works,17-20) we also prepared C/TiO
2
 composites

using pitch, activity carbon and MWCNTs as carbon precur-

sors with anatase-type TiO
2
 powder and various organic

titanium alkoxides as titanium precursors. All of these com-

posites were studied by the photodecomposition of methyl-

ene blue to determine their photocatalytic effect. The results

indicated that the proper amount of carbon precursors is

very favorable for preventing the crystal structure of TiO
2

transformed from anatase to rutile, and enhancing the cata-

lytic activity of C/TiO
2
 composites.

In this work, m-chlorperbenzoic acid (MCPBA) was used

for oxidizing the surface of multi-walled carbon nanotubes

(MWCNTs) at first, and together with potassium hexachlo-

roplatinate(IV) (PHCP, K
2
PtCl

6
) and titanium(IV) isopro-

poxide (TIP, Ti{OCH(CH
3
)
2
}
4
) as Pt precursor and titanium

precursor, respectively, to prepare CNT/TiO
2
 composite, Pt/

CNT composite and Pt/CNT/TiO
2
 composite by a sol-gel

method. Fourier transform infrared (FT-IR) spectroscopy

was used to characterize the functional group on the surface

of the MWCNTs. To determine the properties of these com-

posites, BET surface area, transmission electron microscopy

(TEM), X-ray diffraction (XRD) and energy dispersive X-ray

(EDX) analysis were used. To compare the photocatalytic

activity of the prepared composites, we determined the deg-

radation effect of methylene blue (MB, C
16

H
18

N
3
S· Cl·3H

2
O)

in an aqueous solution under UV irradiation.

2. Experimental

2.1. Materials

Crystalline MWCNTs powder of 95.9 wt% purity from

Carbon Nano-material Technology Co., Ltd, Korea (diame-

T
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ter: ~ 20 nm, length: ~ 5 µm) was used as a starting mate-

rial. K
2
PtCl

6
 (99%) was purchased from Kojima Chemicals

Co., Ltd. The TIP (97%) as a titanium source was purchased

from Kanto Chemical Company (Tokyo, Japan). For oxidiz-

ing the surface of the MWCNTs, m-chlorperbenzoic acid

(MCPBA) was used as an oxidized reagent which was pur-

chased from Acros Organics, New Jersey, USA. Benzene

(99.5%) and HCl were used as solvents which were pur-

chased from Samchun Pure Chemical Co., Ltd (Korea) and

Duksan 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

used under anaerobic conditions to produce potentially

more hazardous aromatic amines.

2.2. Surface modification of MWCNTs

 In this experimental, at first, to prepare the oxidizing

agent, 0.96 g MCPBA was melted in 60 mL Benzene, and

then 0.2 g MWCNTs were put into the oxidizing agent. The

mixture was stirred with a magnetic bar for 6 h at 343 K.

The MWCNTs were dried at 373 K and spared.

2.3. Synthesis of the CNT/TiO
2
 composite

The oxidized MWCNTs were mixed into 20 mL of TIP

solution and then the solutions were 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
2
 gels, and these gels were heat treated at 873 K

for 1 h with a heating rate of 279 K/min. Finally, the CNT/

TiO
2
 composite was obtained.

2.4. Synthesis of the Pt/CNT composite

The Pt/CNT composite was prepared using K
2
PtCl

6
 as

metal precursor.
 
1 g K

2
PtCl

6 
was dissolved in 60 mL HCl to

obtain a K
2
PtCl

6
-HCl solution. Then the oxidized MWCNTs

were mixed into the K
2
PtCl

6
-HCl solution. After stirring at

403 K for 3 h, the mixtures were dried at 373 K. Finally, the

Pt/CNT composite was obtained.

2.5. Synthesis of the Pt/CNT/TiO
2
 composite

The Pt/CNT/TiO
2
 composite was prepared as follows:

2 mL TIP was dissolved in 50 mL benzene to get the sol.

The Pt/CNT composite was put into the sol, agitating at

343 K for 5 h to get Pt-CNT-TiO
2
 gels. These gels were heat

treated at 873 K for 1 h with a heating rate of 279 K/min to

form the Pt/CNT/TiO
2
 composite.

2.6. Characterization

The functional group formed on the surface was examined

by a KBr method using Fourier transform infrared (FT-IR)

spectroscopy. Discs for the method were prepared by first

mixing 1 mg of powdered oxidized MWCNTs with 600 mg of

KBr (for FT-IR spectroscopy) in an agitate mortar, and then

pressing the resulting mixture successively under a pres-

sure of 450 Pa for 3 min. The spectra of the samples were

measured between 3000 and 500 cm-1 using a FTS 3000MX

(Biored Co. USA) spectrophotometer. The BET surface area

was measured using a Quantachrome surface area analyzer

(Monosorb, USA). TEM (JEM-2010, JEOL, Japan), which

was used to observe the surface state and structure of the

prepared composite, was carried out. XRD was used for

crystal phase identification and estimation of the anastase-

to-rutile ratio. XRD patterns were obtained at room temper-

ature with a Shimata XD-D1 (Japan) using CuKα radiation.

EDX was used to measure the elemental analysis of the pre-

pared composite. UV-vis spectra for the MB solution,

degraded by the prepared composite under UV ray irradia-

tion, were recorded using a Genspec III (Hitachi, Japan)

spectrometer.

2.7. Photocatalytic decomposition

The photocatalytic activity of the prepared composites was

determined using MB decomposition in aqueous solution

under an UV lamp (356 nm, 1.2 mW/cm2, Vilber Lourmat,

France). The initial MB concentration was 1.0×10-5 mol/L.

The amount of suspended composites was kept at 1 g/L in

50 mL MB solution. Before turning on the UV lamp, the

solution mixed with the composites was kept in the dark for

at least 2 h, allowing an 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 the solution,

which was hereafter considered as the initial concentration

(c
0
) after dark adsorption. The samples were then with-

drawn regularly from the reactor by an order of 10 min,

20 min, 30 min, 40 min, 50 min and 60 min, and immedi-

ately centrifuged to separate any suspended solid. The clean

transparent solution was analyzed using a UV-vis spectro-

photometer.21) The spectrum (550~750 nm) for each sample

was recorded and the absorbance was determined at a char-

acteristic wavelength of 660 nm for the each MB solution

degraded.

3. Results and Discussion

3.1. Characteristics

FT-IR was conducted on functionalized MWCNTs and their

corresponding spectra are shown in Fig. 1. After being oxi-

dized by MCPBA, the MWCNTs have various kinds of func-

tional groups. The band at 2910 cm-1 and 2847 cm-1 ascribe to

C-H stretching vibration, and the bands at 1695 m-1,

1303 cm-1 and 2847 cm-1 ascribe to C=O, S=O and C-H

stretching vibration, respectively.22) The above observations

suggest that oxidation was promoted in all treatments, and

these formed functional groups can increase the active sites

on the surface of MWCNTs.23)

Table 1 shows the results of the BET surface area of pris-

tine MWCNTs, CNT/TiO
2
, Pt/CNT and Pt/CNT/TiO

2
 com-

posites. From Table 1, it can be observed that the BET

surface area of the pristine MWCNTs is 232.17 m2/g, and

decreased to 84 m2/g when treated with TIP. According to



July 2010 Preparation and Catalytic Properties of Pt/CNT/TiO
2
 Composite 271

our previous works,24,25) introducing TiO
2
 particles into

MWCNTs can decrease the surface area. It can be also

observed that the BET surface area decreased to 188.25 m2/g

by reacting with K
2
PtCl

6
. When we introduced TiO

2
 into the

Pt/CNT composite, the surface area decreased to 81 m2/g.

This may indicate that the Pt and TiO
2
 particles were dis-

persed on the surface of MWCNTs with agglomerations and

occluded the pores of MWCNTs. This result can also indi-

cate that a large number of oxygen-containing groups was

obtained on the surface of MWCNTs. 

Fig. 2 shows the TEM images of the CNT/TiO
2
, Pt/CNT

and Pt/CNT/TiO
2
 composites. After treatment of the

MWCNTs with MCPBA under reflux, the nanotubes were

opened, oxidized and shortened, and exhibited regular mor-

phology. In Fig. 2 (a), the CNT/TiO
2
 composite, the TiO

2
 par-

ticles are mixed with MWCNTs and homogeneously

dispersed on the surface of the MWCNTs. In Fig. 2 (b), the

Pt/CNT composite, the Pt particles with agglomerations are

dispersed on the surface of the MWCNTs. Fig. 2 (c) shows

the TiO
2
 particle agglomerations dispersed on the surface of

the MWCNTs with several Pt particles between them. 

The XRD patterns of the CNT/TiO
2
, Pt/CNT and Pt/CNT/

TiO
2
 composites are shown in Fig. 3. Comparing the three

composites, the strong (002) diffractions of the hexagonal

graphite at 2θ of about 25.88o together with the weak (100)

diffractions indicate that the graphite structure of the

MWCNTs exist only in the Pt/CNT composite, while no dif-

Fig. 1. FT-IR spectrum of MWCNTs oxidized by MCPBA.

Table 1. The BET Surface Area of Pristine MWCNTs, the
CNT/TiO

2
 Composite, Pt/CNT Composite and Pt/

CNT/TiO
2
 Composite

Samples S
BET

(m2/g)

Original MWCNTs 232.17

CNT/TiO
2
 composite 84

Pt/CNT composite 188.25

Pt/CNT/TiO
2
 composite 81

Fig. 2. TEM images of the CNT/TiO
2
 composite (a), the Pt/

CNT composite (b) and the Pt/CNT/TiO
2
 composite (c).
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fraction peak of graphite structure is seen in the CNT/TiO
2

and Pt/CNT/TiO
2
 composites. This indicates that the

MWCNTs in these two composites are amorphous. More-

over, obvious Pt diffraction peaks can be observed in both

the Pt/CNT and Pt/CNT/TiO
2
 composites. The characteristic

peaks of face centered cubic crystalline platinum at about

40o and 46o correspond tothe Pt (111) and (200) plane,

respectively. And the intensity of the Pt peaks in the Pt/

CNT/TiO
2
 composite is obviously decreased. This indicates

that the relative amount of Pt in the Pt/CNT/TiO
2
 composite

is smaller than that in the Pt/CNT composite. Furthermore,

for the CNT/TiO
2
 and Pt/CNT/TiO

2
 composite, obvious ana-

tase diffraction peaks can be observed at 25.3, 37.8, 48.0,

53.8 and 54.9 are the diffractions of (101), (004), (200), (105)

and (211) planes of anatase in all of Pt/CNT/TiO
2
 compos-

ites. This indicates that the CNT/TiO
2
 and Pt/CNT/TiO

2

composites have a single and clear crystal structure of the

anatase type. This result agrees well with the results in

former works.26,27) The anatase phase formed below 773 K

started to transform to a rutile-type structure above 873 K

and changed into a single phase of rutile at 973 K~1173 K,

and the existence of carbon derived from the MWCNTs can

inhibit the transformation of anatase-type to rutlie-type

structure. 

The EDX spectra and elemental microanalysis of the

CNT/TiO
2
, Pt/CNT and Pt/CNT/TiO

2
 composites are shown

in Fig. 4 and Table 2. Comparison of the three kinds of com-

posite, the CNT/TiO
2
 composite has the main elements of C,

O and Ti without Pt; the Pt/CNT composite has the main

element of Pt with a small amount of C and O without Ti;

and the Pt/CNT/TiO
2
 composite has the main element of Pt,

C, O and Ti, while some impure elements existed in all of

composites. Thus, we can conclude that the CNT/TiO
2
, Pt/

CNT and Pt/CNT/TiO
2
 composites were formed using

MWCNTs after being treated by TIP, PHCP, and PHCP

together with TIP, respectively.

Fig. 3. XRD patterns of the CNT/TiO
2
 composite, the Pt/CNT

composite and the Pt/CNT/TiO
2
 composite.

Fig. 4. EDX elemental microanalysis of the CNT/TiO
2
 com-

posite (a), the Pt/CNT composite (b) and the Pt/CNT/
TiO

2
 composite (c).

Table 2. EDX Elemental Microanalysis (wt%) of the CNT/TiO
2

Composite, Pt/CNT Composite and Pt/CNT/TiO
2

Composite

Samples
Elements

C O Ti Pt Others

CNT/TiO
2
 composite 23.45 34.76 39.82 - 1.97

Pt/CNT composite 82.17 5.34 - 4.58 7.91

Pt/CNT/TiO
2
 composite 23.07 35 37.38 1.91 2.64
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3.2. Photocatalytic activity

Fig. 5 shows the changes in relative concentration (c/c
0
) of

MB in the aqueous solution at the time of UV irradiation for

the CNT/TiO
2
, Pt/CNT and Pt/CNT/TiO

2
 composites. After

irradiation under a UV lamp by an order of 10 min, 20 min,

30 min, 40 min, 50 min and 60 min, the concentration of the

MB solution decreased with an increase of UV irradiation

time for all the composites. Furthermore, for the Pt/CNT

composite, the concentration of the MB solution only

decreased 17%. Compared with the Pt/CNT composite, the

concentration of the MB solution decreased 25% and 61% in

the CNT/TiO
2
 and Pt/CNT/TiO

2
 composites. Because the

CNT/TiO
2
 and Pt/CNT/TiO

2
 composites contain the TiO

2

particles and show the great photocatlytic effect. In addi-

tion, according to Fig. 5, we can obtain the apparent kinetic

constant (k
app

) of photocatalytic activity. Table 3 shows the

apparent kinetic constant (k
app

) of the CNT/TiO
2
, Pt/CNT

and Pt/CNT/TiO
2
 composites. The apparent kinetic constant

(k
app

) of the CNT/TiO
2
, Pt/CNT and Pt/CNT/TiO

2
 composites

is 4.0×10-3 min-1, 2.0×10-3 min-1 and 1.0×10-2 min-1, respec-

tively. This indicates that the Pt/CNT/TiO
2
 composite has

the best photocatalytic activity among the three kinds of

composites. 

The following mechanism is widely accepted for the photo-

degradation of organic species by UV/TiO
2
.28) Most advanced

oxidation processes (AOPs) involve the generation of a very

powerful and non-selective oxidizing agent, the hydroxyl

radical (OH•), to destroy hazardous pollutants. Photogener-

ated holes are formed after TiO
2
 particles when irradiated

with UV light (Eq. (1)). Hydroxyl radicals are generated

mainly in the oxidation of OH− or H
2
O by these photogener-

ated holes (Eqs. (2) and (3)), and are principally responsible

for the destruction of organic species. Oxygen is primarily

used as an efficient electron trap (Eq. (4)), preventing the

recombination of electrons and photogenerated holes.

TiO
2
 + hv→ TiO

2
(e

CB

− + h
VB

+) (1)

TiO
2
(h

VB

+) + OH-
→ TiO

2
 +OH• (2)

TiO
2
(h

VB

+) + H
2
O→ TiO

2
 + H+ +OH• (3)

TiO
2
(e

CB

−) + O
2
→ TiO

2
 + O

2

−• (4)

However, the use of semiconductors as photocatalysts is

limited mainly to the recombination of generated photo-

holes and photo-electrons. Therefore, by increasing the effi-

ciency of the photodegradation of dye, we may increase the

amount of electron (e−) and prevent the recombination of the

electron-hole. As we found in our previous works,29,30)

MWCNTs can act as an electron sensitizer and donator in

composite photocatalysts to accept the photo-induced elec-

tron (e−) into the conduction band of the TiO
2
 particles under

UV irradation, thus increasing the number of electrons.

Thus, the CNT/TiO
2
 and Pt/CNT/TiO

2
 composites could have

more photocatalytic activity than the Pt/CNT composite. On

the other hand, the TiO
2
 upon its band-gap excitation the

high degree of recombination between photogenerated elec-

trons and holes is a major factor that limits the photocata-

lytic efficiency.3) Deposits of Pt metal particles on the surface

of the TiO
2
 leads to an efficient charge separation of the light

generated electron–hole pairs in a semiconductor and

increasing the lifetime of the photogenerated pairs allows

longer time intervals to diffuse to the surface.8,31,32) Pt metal

particles are very effective traps for the electrons due to the

formation of a Schottky barrier at the metal-semiconductor

contact, so they can prevent the recombination of the elec-

tron-hole in the TiO
2
 particles. Thus, the Pt/CNT/TiO

2
 com-

posite could have more photocatalytic activity than the

CNT/TiO
2
 composite.

4. Conclusions

In this study, we successfully prepared CNT/TiO
2
, Pt/CNT

and Pt/CNT/TiO
2
 composites and determined their photo-

catalytic activity in MB solution by irradiation under UV

light. According to the TEM images, TiO
2
 particle agglomer-

ations were dispersed on the surface of MWCNTs with sev-

eral Pt particles between them for the Pt/CNT/TiO
2

composite. In the XRD patterns, the Pt/CNT/TiO
2 
composite

clearly showed an anatase peak and a Pt peak. From the

EDX data, the Pt/CNT/TiO
2
 composite’s main elements

were Pt, C, O and Ti. Finally, the photoactivity of the pre-

pared composites, under UV irradiation, was tested using

Fig. 5. Comparison of the decomposition of MB in an aque-
ous solution between the Pt/CNT catalyst and the Pt/
CNT/TiO

2
 composites; MB: 1.0×10-5 mol/L.

Table 3. Apparent Kinetic Constant (k
app

) of the CNT/TiO
2

Composite, Pt/CNT Composite and Pt/CNT/TiO
2

Composite for MB Degradation

Samples k
app

 (min-1)

CNT/TiO
2
 composite 4.0×10-3

Pt/CNT composite 2.0×10-3

Pt/CNT/TiO
2
 composite 1.0×10-2
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the conversion of MB from a model aqueous solution. Our

results indicate that the photodecomposition of the MB

solution is increased by a photo-induced-electron absorption

effect by MWCNTs and an electron trap effect by Pt metal,

and therefore, the Pt/CNT/TiO
2
 composite has the best pho-

tocatalytic activity among the three kinds of composites.
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