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Abstract- A composite of multi walled carbon nanotube/Cerium Oxide has been successfully synthesized. Then the nano 
composite was characterized by XRD, FESEM, TEM and FTIR spectroscopy. The photo catalytic activity of the nano 
composite was investigated by Methyl Orange degradation under UV light irradiation. The results indicated that the uniform 
dispersion of MWCNTs through their strong interaction with CeO2 nanoparticles, is responsible for its enhanced photo 
catalytic activity, as compared to pure CeO2, pure MWCNTs, and their mechanical mixing. 
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I. INTRODUCTION 
 
Metal oxide nanopowders are being widely 
investigated for their various interesting physical and 
chemical properties, especially in catalytic and 
adsorption processes concerned with environmental 
issues. For instance, titanium dioxide, a 
semiconductor inorganic material, is considered as 
the most efficient photocatalyst in certain water 
purification processes for removing the toxic organic 
molecules. However, it is photocatalytically active 
mainly under UV irradiation, which consists only 
about 3-5% of the sunlight. Therefore, in order to 
enhance its absorption of light and consequent 
photocatalytic activity, it is usually combined with 
certain nanostructured materials in an intimate 
contact, to form a composite. Carbon nanotubes have 
shown to be the most promising nanostructured 
materials, for such applications [1-4]. 
Cerium oxide due to its unique physical and chemical 
properties, has been recently attracted the attention of 
many investigators. Studies on the application of 
cerium oxide, especially in the form of the 
nanoparticulate materials, in various fields like 
catalysis [3], photocatalysis [5], solid oxide fuel cells 
[6, 7], optics [6, 7], and etc., clearly indicates its wide 
industrial potentials. As a semiconductor, ceria with 
band gap energy of ~3.2, can exhibit similar 
photocatalytic properties as titania, but with higher 
stability [5, 6]. It has been therefore, recently 
suggested as an effective material in photocatalytic 
applications [6-8]. In addition, its higher stability can 
reduce its environmental risks, when used as the 
photocatalyst [7]. Moreover, the photogenerated 
electron-hole pair in ceria has longer life than TiO2 
[8]. Like other metal oxides, enhancing the catalytic 
or adsorption properties of ceria nanoparticles 
through combining it with various materials, have 
been widely investigated [6-10]. Synthesis of 
CeO2/CNTs nanocomposites through various 
methods such as chemical precipitation, 
hydrothermal, hydrolysis under reflux at high  

 
temperatures, precipitation at supercritical fluid 
atmosphere and etc., for applications as adsorbent, 
catalyst, sensor and anode of lithium batteries [11-17] 
have been also recently investigated. However, 
application of CeO2/CNTs nanocomposite in 
photocatalytic processes has not been so far reported. 
In the present research work, synthesis and 
photocatalytic property of CeO2/MWCNTs, through 
a solution based chemical process, for degradation of 
methyl orange in aqueous solution under UV 
irradiation, was therefore evaluated. 

 
II. EXPERIMENTAL AND PROCEDURE 

 
2.1 Materials 
Hydrated cerium nitrate (Merck) was used as cerium 
precursor for preparation of CeO2 nanoparticles. 
Methyl orange (Merck) was used for the 
photocatalytic experiments. Multi walled carbon 
nanotubes (Nano Star Tech) used for the synthesis of 
the composite had outer diameter of 3-15 nm, inner 
diameter of 2-6 nm and length 1-10 µm. Other 
chemicals used were also provided from Merck.  

 
2.2 Synthesis of CeO2/MWCNTs 
Before the synthesis process, the carbon nanotubes 
were functionalized, in order to enhance their surface 
properties for better dispersion and interaction with 
cerium oxide nanoparticles. For this, 100 mg CNTs 
was mixed with 100 ml concentrated nitric acid and 
ultrasonicated for 2 h at room temperature. It was 
then transferred to a round bottom flask and refluxed 
at 120˚C for 12 h. After cooling the refluxed mixture, 
it was filtered and washed several times with distilled 
water. Finally, the functionalized CNTs were dried at 
80˚C for 24h. 
For synthesis of the nanocomposite containing 10 
wt% CNTs, 20 mg functionalized CNTs was added to 
50 ml mixture of distilled water and ethanol (1:1 
volume ratio) and ultrasonicated for 1 h. 25 ml of 
cerium nitrate solution of 0.04 M was then added 
drop-wise to the above CNTs dispersed solution 
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while stirring it vigorously. PH of the solution was 
adjusted to ~9.5 by slow addition of 1 M NaOH 
solution within 30 minutes. This solution mixture was 
transferred to a Teflon layered autoclave, heated up to 
200 ˚C and left for 32 h. The suspension was then 
centrifuged and the separated solid product was 
washed and dried at 80 ˚C overnight. The dried 
product was finally heated at 450 ˚C for 3 h, to 
produce the desired composite. 
  
2.3 Characterization of the Composite 
Crystal structure of the synthesized composites was 
studied by XRD technique (Philips Expert 3710). 
Various chemical bonds in the samples were 
identified by FTIR spectroscopy (BRUKER Vector 
33) in the wave number range of 400-4000 cm-1. 
UV-Vis spectroscopy (Perkin Elmer 25) was used to 
determine the concentration of methyl orange left in 
the solution after the photocatalytic process. 
Microstructure of the synthesized composite was 
investigated by FESEM (S-4160 Hitachi) and TEM 
(Zeiss em 900) microscopy. 
Photocatalytic activity of the synthesized composite 
was estimated and compared with synthesized pure 
cerium oxide, pure carbon nanotubes, and 
mechanically mixed cerium oxide nanopowder and 
CNTs (10 wt% CNTs). 
 
2.4 Photocatalytic Reaction 
Photocatalytic property of the synthesized samples 
was evaluated through degradation of methyl orange 
under UV light irradiation. The photocatalytic 
reaction was carried out in 100ml solution containing 
5 mg/L methyl orange and 50 mg of the composite 
sample, which was ultrasonicated for 10 min. It was 
then transferred into a photoreactor, and equilibrated 
for 1h at dark. The concentration of methyl orange 
solution at this point, after equilibrium, considered as 
initial concentration (C0) of the dye and following 
concentrations (C) measured and the portion of C to 
C0 reported as an index for photodegradation of the 
dye. In order to measure the concentration of the dye 
in each stage, a known volume of the reaction 
mixture was taken and after centrifugation, its 
absorption was determined by UV-Vis spectrometer, 
which is equivalent to the concentration of the dye. 
The same procedure was repeated for the UV 
irradiated reaction solution by a 125 W mercury 
lamp. Irradiation was continued for 4 h, during which 
appropriate sampling used to be done. 
 
III. RESULT AND DISCUSSION 

 
3.1 Characterization 
Fig. 1(a) shows the XRD patterns of functionalized 
CNTs. The characteristic peak at 25.9˚ is due to the 
reflection of (002) plane. There is a shift for this 
reflection in comparison to graphite (26.5˚), which is 
attributed to an increase in the sp2, C=C layers 
spacing. Other peaks observed at 42.7˚ and 53˚ are 

related to the reflection from the (100) and (004) 
planes. Considering the XRD pattern obtained for the 
functionalized CNTs, it may be concluded that the 
structural characteristics have been conserved after 
the acid functionalization process. Fig 1(b) presents 
the XRD spectra of synthesized CeO2 and 
CeO2/MWCNTs composite. Both the patterns 
correspond to the fullerite structure of cerium oxide 
according to the standard JCPDS: 01-075-0390. 
Average crystallite sizes of CeO2 in pure form and in 
the composite material, were found to be 25.8 and 17 
nm respectively, by applying Scherrer,s relation. It is 
noticed that the characteristic peaks of CNTs have not 
appeared in XRD pattern of the composite which may 
be due to this fact that the crystalline extent of 
MWCNTs is much lower than the crystalline extent 
of CeO2, leading to the shielding of  
 

 
Fig1.  XRD patterns of acid functionalized MWCNT with 

HNO3 at 120°C (a), and synthesized CeO2 and 
CeO2/MWCNTs 

 

 
Fig 2. FESEM image of the synthesizedCeO2/MWCNTs 

nanocomposite 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-2 Feb.-2016 

Synthesis And Characterization Of MWCNTS/CEO2 Nanocomposite As A Photocatalyst 
 

114 

 
Fig 3. TEM image of CeO2/MWCNTs. 

 
the peaks of MWCNTs by those of CeO2  [16]. 
Fig. 2 shows FESEM image of the CeO2/MWCNTs 
composite. Dispersed nanotubes with increased 
diameter up to about 50 nm, indicates coating of 
CeO2 nanoparticles on their outer surface. 
 
Fig 3 shows the TEM image of the nanocomposite 
where uniform coating of carbon nanotube by CeO2 
nanoparticles can be clearly observed.  
 
Result of  EDX elemental analysis as shown in Fig. 4, 
indicates the presence of carbon and oxygen along 
with cerium and the quantitative of these elements. It 
is worth noting that the EDX analysis differs from the 
percentage mentioned under experimental details. 
This is because EDX gives information about the 
components in the surface area of the sample. 
 

 
Fig 4. EDX spectrum of the synthesized CeO2/MWCNTs 

nanocomposite 

 
Fig5. SEM image(a)  and map analysis showing distribution of  

Ce(b), O(c) and  C(d) elements in the synthesized composite 
 

 
Fig 6. FTIR spectra of MWCNTs oxidized with HNO3 120°C 

 
Result of the map analysis of the sample shown in 
Fig. 5 indicates the uniform distributions of cerium, 
oxygen and carbon elements in the synthesized 
nanocomposite. 
 
FTIR spectroscopy of functionalized CNTs can be 
observed in Fig. 6. The peak at 1715cm-1 in assigned 
to stretching vibration of C=O bond in carbonyl 
group. The peak at 1627 cm-1 is also related to C=O 
vibration in carbonyl group. Vibration due to C=C 
bond in the benzene ring can be observed at 1578 cm-
1. Broad peak at about 1190 cm-1 is due to the 
vibration of C-O bond in phenol or lactone group. 
Peak observed at 3435 cm-1 can be attributed to O-H 
bond in carboxyl or alcoholic group [16, 17]. 
Formation of various functional carboxylic, 
carbonylic and alcoholic groups as a result of the 
oxidation process of CNTs indicates that the acid 
functionalization process has been effectively taken 
place. 
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Fig 7. FTIR spectra of (a) CeO2/MWCNTs composite and (b) 

CeO2. 
 
Fig 7 depicts the FTIR spectra of the nanocomposite 
and pure CeO2. It can be observed  that the 
characteristic peak of Ce-O bond, in the case of pure 
CeO2, appears at around 450 cm-1 whereas, in the 
case of the nanocomposite it has been shifted to 493 
cm-1. This shift could be attributed to the formation 
of chemical bond between cerium and MWCNTs 
through oxygen containing groups such as carboxyl 
and carbonyl. Similar result has been observed 
elsewhere [16, 17]. In fact, the formation of such 
strong interactions between the metal oxide and 
CNTs, during the synthesis process is responsible for 
the enhanced physical and chemical properties for the 
synthesized nanocomposites. 
 
3.2 Evaluation of Photocatalytic Activity 
In order to investigate the influencing role of CNTs 
on the photocatalytic properties of the synthesized 
nanocomposite, photo catalytic activity of pure CeO2 
and MWCNTs were also determined and compared 
with it. The photo catalytic reaction was carried out in 
100 ml solution containing 5 mg/L methyl orange and 
50 mg of the powder sample. The degradation 
process of methyl orange was also carried out just 
under light irradiation without using any material as 
photo catalyst, which can be named as photolysis 
process. 
Estimated photo catalytic activities of the various 
materials under light irradiation during 4 hours of 
time, are illustrated in Fig.8. These results are 
numerically presented in table 1. 

 
Fig 8.Photodegradation of methyl orange under UV light 

irradiation with various catalytic systems 
(Initial concentration of methyl orange: 15mg/l, at pH=5) 

 
Table1. Photocatalytic degradation of methyl 

orange on different materials 

 
 
As it is depicted in fig. 8, only 17% of the dye 
decomposes under the photolysis process after 4h. 
However initial adsorption of the dye on the CNTs 
was high, but 26% of the dye decomposes in the 
present of MWCNTs. Moreover there is no much 
difference between Photo catalytically degradation of 
methyl orange in the presence of CeO2 and the 
mechanically mixture of CeO2 and MWCNTs; nearly 
39% of the dye decomposes in the present of them. 
But in the case of CeO2/MWCNTs, 69% of the dye 
decomposes in the present of nanocomposite. 
The results of the photocatalysis tests with different 
materials, clearly indicate that the synergy effect of 
CeO2 and MWCNTs can be observed only, when 
they form a composite having an appropriate 
interaction between them. 
 
3.3 Mechanism 
The enhancement in photocatalytic activity of 
MWCNTs/CeO2 nanocomposite can be explained 
based on electron transportation from nanoparticles to 
nanotubes and adsorption ability of nanotubes. 
In general, photons with sufficient energy are able to 
excite electrons (e-) from the valance band (VB) to 
the conduction band (CB) of CeO2 creating a charge 
vacancy or hole (h+) in the valance band. But 
photogenerated electrons and holes in semiconductors 
have very short life time as they recombine within a 
short time. In order to enhance the potocatalytic 
activity of semiconductors, electron-hole 
recombination process has to be delayed [14]. Since 
MWCNTs act as a good electron acceptor and CeO2 
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as a good electron donor; thorough the formation of 
composite, photogenerated electrons can transfer 
from CeO2 to MWCNTs. Carbon nanotubes can 
adsorb oxygen as well as dye molecules, thus 
photogenerated electrons can reduce adsorbed oxygen 
molecule to superoxide anion radical (O2-•) which 
will increase the number of radicals that can react 
with the dye and produce hydroxyl radical (•OH) to 
oxidize the dye. Simultaneously the photogenerated 
hole in the VB of CeO2 reacts with hydroxyl anion 
(OH-), forming hydroxyl radical (•OH). 
Consequently these oxidant agents participate in 
destruction of the dye which mostly is adsorbed on 
the surface of MWCNTs. In the other words 
formation of the composite can reduce the electron-
hole recombination by improving the injection of 
electrons to MWCNTs and also increase the 
adsorption of essential agents, such as O2 and the 
organic dye, for photocatalytic reactions [14-17]. 
 
CONCLUSION 
 
In summary, CeO2/MWCNTs nanocomposite 
consists the functionalized MWCNTs coated with 
CeO2 nanoparticles, was synthesized through in situ 
precipitation process. Then the nanocomposite 
exhibited enhanced photocatalytic activity relative to 
pure CeO2, MWCNTs and their mechanical mixing. 
FTIR spectroscopic study of the synthesized 
nanocomposite, indicted the formation of an 
interaction between CeO2 and MWCNTs through 
chemical binding. The results obtained in this study 
clearly indicate the potentials of the synthesized 
CeO2/CNTs nanocomposite, for use in photocatalytic 
processes. 
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