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ABSTRACT

Water pollution is one of the big problems of human societies, and the need to find new ways to remove these pollutants
has been given much attention in recent years. One of the methods is the use of photocatalysts. In this research, TiO»
and TiO,-CdO nanoparticles were prepared by a sol-gel method as nano photocatalysts. The produced samples have
been used to degrade methylene blue under UV light. To characterize the prepared samples, X-ray Diffraction (XRD),
Field Emission Scanning Electron Microscope (FESEM), X-ray Energy Diffraction Spectroscopy (EDS), and
Ultraviolet-Visible Spectroscopy (UV-Vis) were used. Microstructural results revealed nanoparticles with dimensions
of 18 to 32 nm. XRD results showed that the main phase formed was the anatase. TiO»-4 wt.% CdO nanocomposite
showed more photocatalytic activity compared to pure TiO,. Also, the effect of pH, irradiation time, and amount of
powder on photocatalytic activity was investigated. The results showed that at pH=9, time of 75 min, and using 0.02 g
Ti0,-4 wt.% CdO photocatalyst, the maximum photocatalytic activity of about 92 % was obtained.

Keywords: Photocatalyst, Nanocomposite; TiO,-CdO; Sol-Gel.

1. Introduction
Dyes are among the chemical compounds used in
the industry. Among the advanced oxidation
processes, the heterogeneous photocatalytic
process using TiO; is an effective technology for
dye removal. TiO; is only able to absorb 4 % of
sunlight, and also, the rate of electron-hole
recombination in this material is high, and this has
caused that the efficiency of this photocatalyst to
be decreased. In the past years, researchers have
employed various methods, including doping
anions and cations and making semiconductor
composites to reduce the energy gap of TiO, and
prevent electron and hole recombination [1].
Reducing the size of the particles increases the
effective surface area for the photocatalyst
process. In addition, electrons and holes reach the
surface in less time before recombination.
Whereas if the particle diameter increases, the
electrons and holes recombine with each other
before reaching the surface. Therefore, reducing
diameter of the particles prevents recombination.

*Corresponding author; hassanzadeh@pmt.iaun.ac.ir

So, nanoscale synthesis could be quite useful [2].

It is expected to modify the bandgap of
titanium oxide by adding CdO (2.2 e¢V) to TiO»
(3.2 eV) and curb the electron-hole recombination
and thus possibly improve the photocatalytic
properties of titanium oxide. Therefore, the
purpose of this research was the synthesis of
Ti0,-CdO nanocomposite. Also, the
characterization of the synthesized particles,
including crystal size, particle size distribution,
morphology, and finally, its photocatalytic
properties, were investigated.

2. Materials and Methods

First, 20 ml of 2-propanol was poured into the
beaker, and then 0.12 g cadmium nitrate was
added to the 2-propanol. The above solution was
stirred for 40 min. After the complete dissolution
and the homogeneity of the solution, 3.3 ml
titanium isopropoxide was slowly added to the
solution. Distilled water was added drop by drop
after 15 to 20 min until the solution turned into a
gel. The temperature increased up to 90 °C to
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Figure. 1. X-ray diffraction patterns of pure titanium oxide and titanium oxide-cadmium oxide nanocomposite.

remove the solvent. The powder was rinsed 2
times with distilled water and dried for 12 h at
100 °C. After drying the samples, the calcination
operation was carried out in the furnace under air
atmosphere and with a heating rate of 20 °C/min
at a temperature of 400 °C.

A Philips diffractometer (Xpert model) was
used to study the formation of phases. In order to
investigate the morphology and particle size of
nanopowders, a field emission scanning electron
microscope (VEGA//TESCAN Mira 3-XMU) was
used. The photocatalytic activity of nanopowders
was examined under UV light. The methylene
blue color with a concentration of 10 ppm was
used as a pollutant model.

3. Results and Discussion

Figure 1 shows the XRD analysis of TiO, and
Ti0,-CdO samples. The calcined samples at a
temperature of 400 °C agree with the ICDD
pattern of TiO; in the anatase phase, which is
shown in the lower part of the figure. This shows
that the synthesized material is a crystalline
titanium dioxide with a tetragonal crystal lattice.
Cadmium oxide peaks are not clearly defined,
which can be attributed to two reasons. First,
cadmium oxide peaks cannot be identified due to
the low weight percentage of cadmium compared
to titanium and the detection limit of XRD
analysis in characterizing values less than 5.5%.
Second, the possibility of the amorphous phase of

the produced cadmium oxide causes this substance
to not have a specific peak in the XRD analysis.

FE-SEM  images of the synthesized
nanoparticles calcined at 400 °C are shown in
Figure 2. Titanium oxide nanoparticles with
spherical morphology are observed in the pure
sample. Nanoparticles are stuck together, which is
a common phenomenon in nanoparticles and is
due to the high surface energy of these materials.
In other words, nanomaterials stick together to
reduce the surface energy and form agglomerates.
In Figure 2a, which is related to the pure TiO»
sample, the particle size distribution is almost
uniform, while in Figure 2b, which is related to
the TiO,-CdO sample, the non-uniform
distribution of particles can be seen. The particle
size of TiO, and Ti0,-CdO were calculated to be
around 18-23 nm and 22-30 nm, respectively.

The pH is one of the important factors in
adsorption and degradation, which affects the
surface charge of the adsorbent and the color
structure. In order to investigate the photocatalytic
performance in three acidic, neutral, and alkaline
environments, NaOH and 0.1 M HCI were used to
adjust the pH. The amount of photodegradation in
45 min and 0.01 g of TiO,-CdO and TiO;
nanopowders was investigated, which is shown in
Figure 3. It was found that TiO,-CdO
nanocomposite in the basic environment (pH=9)
would be the best sample. Methylene blue is a
cationic dye and creates a negative charge on the
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Figure. 3. Photodegradation results in three acidic, basic, and neutral environments after 45 min.

surface of the particles in the basic environment.
So, it can draw the color closer to itself and
perform the destruction operation faster. In
addition, improvement in bandgap and inhibition
of electron-hole recombination are the reasons
why the composite sample had a higher
photocatalytic performance [2].

4. Conclusions

In this research, titanium dioxide-cadmium oxide
nanocomposite was synthesized by a sol-gel
method and its photocatalytic properties was
investigated. The results of the photocatalytic tests
showed that the composite sample had a higher
efficiency for the degradation of methylene blue
than the pure titanium dioxide. The optimal
weight of the degrading powder was 0.02 g and
the concentration of the pollutant was 10 ppm.
The best experiment pH was 9 with 92 %
pollutant removal after 75 min.
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