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In this study, TiO2-10%wt. carbon nanotube (CNT) nanocomposite powders were synthesized by sol-gel 
method at various hydrolysis rate affected by different reaction agents of acetyl acetone and benzyl alcohol. 
Crystallization of TiO2 was then achieved through calcination at 400 °C. The properties of nanocomposite 
powder investigated by scanning electron microscopy, X-ray diffraction and diffuse reflectance spectroscopy. 
The results showed that, the crystalline TiO2 with anatase structure was produced after calcination. The 
crystallite size of TiO2 depended on the hydrolysis rate which was increased from 25 nm at higher hydrolysis 
rate by benzyl alcohol to 55 nm at slower hydrolysis rate by acetyl acetone. Before calcination, the results 
have shown that the slower hydrolysis rate yields relatively large particles with a plate like morphology in 
contrast to the presence of small particles with significant agglomeration at higher hydrolysis rate by benzyl 
alcohol. After calcination, high hydrolysis reaction through the use of benzyl alcohol offers easy access 
to the TiO2-10%wt. CNT nanocomposite with well controlled coating and desirable interactions between 
TiO2 and the CNTs. The thickness of TiO2 coating on CNTs in this way was 80 nm. Also, TiO2 particle size 
depended on the hydrolysis rate, decreased from 1 μm in presence of acetyl acetone to 150 nm in presence 
of benzyl alcohol. The band gap energy at higher hydrolysis rate by benzyl alcohol was 2.95 eV.

1. Introduction
The area of heterogeneous photocatalysis is a 

rapidly expanding technology for water and air 
treatment. Among the semiconductor photocatalyst 
materials, TiO2 remains a most popular candidate 
in environmental cleaning due to its high catalytic 
activity, chemical stability in aqueous media and 
low cost [1]. However, TiO2 can only absorb the 
ultraviolet region of solar spectrum due to its large 
band gap. Hence, it is essential to extend the light 
absorption of it to the visible region. Also, it suffers 
in fast electron-hole pair recombination [2]. These 
problems can be solved by several approaches 
such as optimization of particles morphology, 

metal doping of TiO2 and fabrication of composite 
photocatalyst [3]. In recent years, the combination 
of carbon nanotubes with TiO2 photocatalyst has 
been attracting increasing attention as a possible 
strategy [4-8]. Carbon-related materials have been 
extensively studied [9] for the catalytic applications 
either by serving as a supporting matrix to tailor 
the electronic or photonic properties of catalysts, or 
as catalyst by itself. Particularly, CNTs can act as the 
scaffolds to anchor light harvesting assemblies, due 
to their unique electrical and electronic properties, 
wide electrochemical stability and high surface area 
[10-12]. Therefore, their advantageous structural 
features to extend the light response range and 
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other distinctive features, such as facile charge 
separation, and increased adsorption of pollutants 
are the reason for combination of CNTs with TiO2 
photocatalyst [13,14].

TiO2-CNT nanocomposites have been 
synthesized recently by different chemical routes, 
such as sol-gel and hydrothermal methods 
[15,16]. The sol-gel method is one of the most 
common methods used to synthesize TiO2-CNT 
nanocomposites [8,17-18]. The main advantage 
of this method is low temperature processing 
of homogeneous oxides in various forms and 
compositions [19]. However, difference in synthesis 
parameters of sol-gel process affects the morphology 

of TiO2-CNT nanocomposites significantly [16,20]. 
On the other hand, the photocatalytic performance 
of TiO2-CNT nanocomposite depends on 
its morphology which can be determined by 
preparation condition. In this work TiO2-10%wt. 
CNT nanocomposite powder is prepared by the 
sol-gel method. The main focus is on the structure 
and morphology of nanocomposite powder before 
and after calcination step investigated by scanning 
electron microscopy (SEM) and X-ray diffraction 
(XRD) analysis. Also, the optical properties were 
evaluated by diffuse reflectance spectroscopy 
(DRS). The aim of the present study is to investigate 
the influence of hydrolysis rate by different reaction 
agents of acetyl acetone and benzyl alcohol on the 
structure and morphology of the powder. Actually, 
the morphology and hence the optical properties 
of synthesized TiO2-10wt.% CNT powders were 
compared in details.

2. Experimental procedure
The starting materials used in this work were 

tetrabutyl-orthotitanate (TBOT) as a precursor, 
ethanol (EtOH) as a solvent, deionized water for 
hydrolysis, acetyl acetone (AcAc) as a chelating 
agent, benzyl alcohol (BA) as a surfactant. Also, 
multi-walled CNT (~10 μm in length) with a purity 
of about 98% were used. CNTs were chemically 
functionalized by ultrasonication in a mixture of 
sulfuric acid and nitric acid (3:1) for 8 h. The SEM 
image of the initial CNTs was shown in Fig. 1.  

 

Fig. 2. Flow chart of synthesis process for (a) S-AC and (b) S-BA samples. 

  

Fig. 1- SEM image of the initial functionalized CNT.

Fig. 2- Flow chart of synthesis process for (a) S-AC and (b) S-BA samples.

 

 

Fig. 1. SEM image of the initial functionalized CNT. 

  



92

Shafei A, J Ultrafine Grained Nanostruct Mater, 51(1), 2018, 90-95

Using the Imagej software, the average diameter of 
CNT was obtained 40 nm.

The flow chart of synthesis process for the TiO2-
10%wt. CNT nanocomposite is shown in Fig. 2. 
During synthesis, two different but equal parts of 
ethanol solutions were prepared. The solution A was 
prepared by dispersion of an appropriate amount 
of CNTs in EtOH with the aid of ultrasonication 
for 10 minutes. In order to investigate the effect 
of AcAc and BA in the preparation of TiO2-CNT 
nanocomposite powder, the hydrolysis solution 
B was prepared by mixing deionized water with 
AcAc (Fig. 2 (a)) or BA (Fig.2 (b)). These two 
solutions were then mixed to obtain solution C 
and the solution kept stirring at 0 ˚C. In addition, 
the solution D was then prepared by dissolution of 
TBOT into EtOH. Then solution D was added drop 
by drop into solution C under vigorous stirring and 
additionally stirred for 1 h. The final molar ratio of 
a mixture of TBOT: AcAc or BA: EtOH: H2O was 
1: 5: 100: 5. Slow hydrolysis reaction occurred with 
the presence of AcAc agent (here after called S-AC 
sample). Hence after aging at room temperature for 
24 h, the sample was dried at 80 °C for 48 h. On 
the other hand, rapid hydrolysis occurred when BA 
surfactant was used (here after called S-BA sample) 
and the precipitates were vacuum-filtered, washed 
in ethanol and dried at room temperature for 24 
h. Finally in a calcination step, both samples heat 
treated at 400 °C for 2 h.

The morphological study was performed by a 
Hitachi S4160 SEM. The Ultraviolet-visible (UV-
Vis) spectra of the samples were recorded by diffuse 
reflectance spectroscopy (DRS, Shimadzu, MPC-
2200). The spectral absorbance was measured 
in the wavelength range of 200-800 nm. XRD 
using Philips PW3040/60 diffractometer with 
Cu-Kα radiation were used for the structural 
characterization. The average crystallite size of the 
samples was calculated by the Scherrer equation 
[21]:

d = kλ/(β cos(θ))                                                                                                                                     (eq. 1)
                                                                                          
where, d is the crystallite size, k is a coefficient 
(0.89), λ is the wavelength of the Cu Kα radiation, 
β is the full width at half maximum and θ is the 
scattering angle.

3. Results and Discussion
To characterize the crystal structure of the 

calcined samples, XRD analysis was carried out 

on S-AC and S-BA nanocomposite samples. The 
XRD patterns of both samples after calcination in 
Fig. 3 revealed clear peaks which can be indexed 
to pure anatase TiO2 phase (JCPDS Card No. 21-
1272). Also, the peaks at 2θ values of 26°, 43.4° were 
associated with the (002) and (101) diffractions of 
the CNTs (JCPDS Card No. 75-1621). It should 
be noted, the (101) reflection of TiO2 overlap 
with (002) reflection of CNT at 2θ=26°. However, 
10wt.%CNT was high enough to clearly observe 
the main peaks in XRD pattern. The observed 
peaks positions are in complete accordance with 
those reported in previous studies for TiO2-CNTs 
composites powders [8, 22-24]. In addition, the 
oxidation temperature of CNT is above 500 ° C [8]. 
It should be noted that no other diffraction peaks 
corresponding to other phase of TiO2 i.e. rutile and 
brookite or any crystalline impurity were observed 
from the XRD patterns. The predominant existence 
of pure anatase phase TiO2 and the absence of the 
rutile phase was beneficial to the photocatalytic 
activity of the composite catalysts, owing to higher 
photocatalytic activity of anatase than that of rutile 
[25]. Furthermore, this both samples exhibited 
quite similar XRD diffraction patterns. However, 
the crystallite size of TiO2 in S-AC and S-BA 
samples calculated by Scherrer equation were 55 
and 25 nm, respectively. It is observed that the 
increase of hydrolysis rate using BA in the initial 
solution of preparation procedure resulted in a 
significant decrease in the crystallite size of TiO2. 

Fig. 3- XRD patterns of S-AC and S-BA samples after calcination.

 

Fig. 3. XRD patterns of S-AC and S-BA samples after calcination. 
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The reason for this result is interactions of BA,s 
benzene ring to enable the use of CNTs [8] and thus 
reduce the crystallite size.

The morphology of the as-prepared TiO2-10wt.% 
CNT nanocomposite powders before calcination 
were further characterized by SEM (Fig. 4). 
Depending on the hydrolysis rate, microstructure 
of the as-prepared samples is completely different. 
Regarding relatively large and plate-like particles of 
S-AC sample in Fig. 4 (a), no formation of loose 
particle with the typical shape was evidenced at 
slow hydrolysis reaction. Slow rate of hydrolysis 
by AcAc leads the gel structure can be influenced 
and get into a glassy plate-like powder. This is due 
to different reactivity of the chelate complexes, 
such as AcAc, depending on the type and number 
of bidentate ligands [26]. Furthermore, Fig. 4 
(a) indicates uniformly distributed CNTs in the 
microstructure. Fig. 4 (b) shows the SEM images 
of as-prepared precipitates in S-BA sample. This 
reveals the TiO2 agglomerates growth selectively 
on the CNTs at higher hydrolysis rate by hydroxyl 

group of OH in BA agent. In the first step of 
reaction, the hydroxyl group generates Ti-OH 
groups which provides the TiO2 condensation on 
CNT or elsewhere [27].

Fig. 5 shows the morphology of the TiO2-10wt.% 
CNT nanocomposite powders after calcination. 
After calcination, the difference of S-AC sample 
morphology in Fig. 5 (a) compared to Fig. 4 (a) is 
significant. Freely growth of large TiO2 particles 
together with CNTs can be seen at low hydrolysis 
rate by addition of AcAc. In sharp contrast, at 
higher hydrolysis rate by BA addition, it seems that 
the surface of CNTs is covered with TiO2 (showed 
by white arrows in Fig. 5 (b)). Using the Imagej 
software, the average diameter of these CNTs was 
obtained 120 nm. In comparison to the initial 
CNTs diameter, it means that, the average thickness 
of TiO2 layer on CNTs is approximately 80 nm. 
Although TiO2 agglomerates can be seen in the SEM 
image probably due to the low specific surface area, 
the TiO2 particles are more distributed between 
the CNTs. This leads to more desirable interaction 

 

Fig. 4. SEM images of (a) S-AC and (b) S-BA samples before calcination. 

 

    

  

Fig. 5. SEM images of (a) S-AC and (b) S-BA samples after calcination. 

 

  

Fig. 4- SEM images of (a) S-AC and (b) S-BA samples before calcination.

Fig. 5- SEM images of (a) S-AC and (b) S-BA samples after calcination.
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between both components of the composites. In 
addition, the average particles size of TiO2 depends 
on the hydrolysis rate. Using the ImageJ software, 
the average TiO2 particles size was measured. It can 
be found that the TiO2 particle size decreased from 
1 μm in presence of AcAc (in Fig. 5 (a)) to 150 nm 
in presence of BA (in Fig. 5 (b)). The main reason 
is possibly that the BA adsorbs on the surface of 
CNTs via π-π interactions, while at the same time 
providing hydrophilic hydroxyl groups for the 
hydrolysis of the Ti precursor. Hence, despite their 
hydrophobic surface, CNTs can indeed be used as 
a template. Then, the dispersion of CNTs could 
be significantly improved with the addition of BA 
and better coating was provided on the surface of 
CNT [17]. This is in complete agreement with the 
smaller crystallite size at higher hydrolysis rate by 
BA addition from XRD results.

The optical properties were examined by DRS to 
calculate the band gap energies of samples. Fig. 6 
represents the UV-vis DRS of the S-AC and S-BA 
samples. It can clearly be seen that, both samples 
exhibited an absorption in the visible range (>400 
nm). The results clearly show the difference 
between two samples. The band gap energies (Eg) 
were estimated using the following equation [28].

(αhυ)2 = d(hυ-Eg)                                                            (eq. 2)

where α is the absorption coefficient, d is a 
proportional constant, h is the Planck’s constant, 
ν is the frequency of vibration and hν is the 
energy of incident photons. The usual method for 
determining Eg involves plotting (αhυ)2 against hν 
(Tauc plot). Tauc plots of S-AC and S-BA samples 
are shown in Fig. 6 (b). Hence, the optical band 

gap for the absorption peak can be obtained by 
extrapolating the linear portion of the curve. The 
approximate band gap energies of S-AC and S-BA 
samples are 3.17 and 2.95 eV, respectively. This 
shift showed that the Eg of the S-BA sample was 
decreased gradually. This effect is probably due 
to the better chemical interaction between CNT 
and TiO2 in S-BA sample, as mentioned above, 
to reduce the band gap energy. Another possible 
reason for the large band gap change from S-AC to 
S-BA samples may be due to the organic residues 
in the latter sample. Totally, an increase in light 
absorption is favorable as light absorption is one of 
the critical factors for a photocalayst.

4. Conclusions
TiO2-10%wt. CNT nanocomposite powder was 

successfully prepared by sol-gel method. The main 
intention was to investigate the effect of hydrolysis 
rate on the structure and morphology through the 
addition of two different types of agents, AcAc and 
BA. The results are summarized as follows:

1. TiO2 anatase phase was the main crystalline 
phase present after calcination of nanocomposite 
powder. The increase of hydrolysis rate using BA in 
the initial solution resulted in a significant decrease 
in the crystallite size of TiO2 from 55 to 25 nm.

2. Before calcination, relatively large and plate-
like particles with uniformly distributed CNTs were 
prepared in presence of AcAc at slow hydrolysis 
reaction. In comparison, smaller TiO2 agglomerates 
formed selectively on the CNTs at higher hydrolysis 
rate by BA agent.

3. After calcination, relatively large TiO2 particles 
and CNTs can be formed at low hydrolysis rate by 
addition of AcAc. At higher hydrolysis rate by BA 

   

Fig. 6. (a) UV-Vis absorption spectra of S-AC and S-BA samples and (b) corresponding 

Tauc plots of samples. 

(a) 

500nm 

Fig. 6- (a) UV-Vis absorption spectra of S-AC and S-BA samples and (b) corresponding Tauc plots of samples.
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addition, covered CNTs by TiO2 with the average 
thickness of 80 nm together with more distributed 
TiO2 particles were obtained.

4. Depending upon the hydrolysis rate in the 
first step of reaction, the average particles size of 
TiO2 decreased from 1 μm in presence of AcAc to 
150 nm in presence of BA.

5. The band gap energy decreased gradually 
from 3.17 to 2.95 eV with the increase of hydrolysis 
rate by BA addition.
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