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ABSTRACT: Tungsten trioxide nanoparticles with monoclinic structure and average particle size
about 80 nm were prepared by the spray pyrolysis method. WO3 nanorods with hexagonal structure
and average dimension about 15 x 100 nm were synthesized in gram quantities by modified
hydrothermal method at lower temperature and shorter reaction time in comparison to the previous
research. Photo degradation of Congo Red showed that the as-prepared WO; nanoparticles is more
effective than nanorod structure. WO; nanorods actually had no effect in Congo Red photo
degradation. Therefore in this reaction, spherical morphology is superior to column morphology.
The samples were characterized with X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM),
EDX analysis, UV-visible spectrum and Transmission Electron Microscopy (TEM).
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INTRODUCTION

Photo catalytic degradation of environmental Different oxidizing and reducing gases [10-12]. It is

pollutants of water or air by semiconducting materials
has attracted extensive attentions during recent 20 years [1].
Many different semiconductors, such as TiO,, SnO,,
WOs;, ZnO, Fe,0;, CdS, ZnS, and SrTiOs; have been used
as photo catalysts for the photo degradation of organic or
inorganic pollutants [2-9].

Tungsten trioxide (WO3) is a wide band gap semiconductor
metallic oxide. This material has been used to detect

applicable as catalyst, in windows for solar cells,
electronic information displays and color memory
devices [13-17].

WO; nanostructures can be prepared by different
[18-20],
sputtering [21-23], chemical vapor deposition [24],
electro deposition [25] and sol-gel deposition [26].
The spray pyrolysis technique for material synthesis

techniques such as thermal evaporation
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Fig. 1: a) SEM image and b) EDX analysis of the as-prepared WO; nanoparticles that were prepared by spray pyrolysis method.

is the most economical method and an interesting option
due to the use of inexpensive precursor materials,
low-cost equipments and its relative ease in preparing the
large scale of nanomaterials.

In this work, two different morphologies of
WO; nanostructures were prepared. The as-prepared
WO; nanoparticles that were prepared with spray pyrolysis
method are spherical shape with monoclinic structure and
average size about 80 nm. WO; nanorods with hexagonal
structure and average dimension about 15 x 100 nm
were synthesized in gram quantities by modified hydrothermal
method at lower temperature (160°C) and shorter reaction
time (3 days) in comparison to the previous research [27].

The as-prepared samples were used as photo catalyst
in Congo Red photo degradation. For this reaction, results
showed that the spherical morphology is superior to the
column morphology.

EXPERIMENTALL SECTION
Materials

All chemicals were of analytical grade and used
without further purification.

Preparation of WO; nanoparticles

The spray process was done with a stainless-steel
atomizer. Aqueous solution of ammonium para tungstate
(for example 1.6 wt %) together a suitable organic
additive (such as citric acid) at pH=7 was sprayed
to the vertical furnace by using compressed air as carrier gas.

Preparation of WO; nanorods

Typically an aqueous solution of 1.32 g ammonium
para tungstate (NHy)19W1,04,.7H,0) and 2.1 g citric acid
was heated around 120 °C together mixing for 6-7 h until
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a gel was formed. 2.45 g of hexadecyl amine dissolved in
ethanol (together the suitable surfactant such as Triton X-100)
was added to the gel and stirred for 15 h. The resulting
mixture was transferred to a Teflon autoclave with
a stainless steel protective outer body and heated at 160 °C
for 3 days together mixing. The product was washed with
ethanol, cyclohexene, water and finally with ethanol and
dried at room temperature.

Characterization

The samples were characterized by Scanning Electron
Microscopy (SEM) using a Holland Phillips
XL30 microscope. XRD patterns of the sample were
recorded in ambient air using a Holland Philips X-ray
powder diffraction (Cu Ka, A=1.5406 A), at scanning
speed of 2°/min from 20° to 80°. UV-visible spectrums
were prepared by Shimadzu analytical equipment (UV-
2100). TEM image of the sample was prepared by Philips
Analytical equipment (CM 200).

Congo red photo degradation

100 mL Congo Red aqueous solution (5 ppm) together
with 0.1 g photo catalyst was illuminated with
UV radiation in the presence of the air bubbles. Each 30 min.,
4 mL sample was separated, centrifuged for removal of
catalyst and characterized with UV-visible spectrometer.

RESULTS AND DISCUSSIONS
Preparation of WO; nanoparticles

SEM image was used to investigate the microscopic
structure of the samples. Fig. 1(a) illustrates SEM image
of the as-prepared WO; nanoparticles and indicates that
the most of nanoparticles are spherical shape.
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Fig. 3: TEM images of WOj; nanorods (with two different scales) that were prepared by modified hydrothermal method.

In order to find chemical composition of the particles,
EDX analyze was carried out. Fig. 1(b) shows the EDX
analysis of the WO; nanoparticles that was prepared by
spray pyrolysis method. It was observed just W element with
no remarkable impurity.

XRD analysis was carried out to discover
the crystalline phase and structure of the as-prepared
Fig. 4 represents the XRD

spectrum of the as-prepared WO; nanoparticles and

WO; nanoparticles.

formation of tungsten trioxide with monoclinic structure.
The obtained spectrum has the first three WO;
main peaks at 20 = 23.1, 24.4, 26.6, in good agreement
with the JCPDS 05-0363 standard card with a = 7.28 A,
¢ = 383 A. The average particle size of the WO;
nonoparticles was calculated from XRD pattern
by Debye-Scherrer formula.

Preparation of WO; nanorods

Fig. 2 illustrates SEM image of the as-prepared
WO; nanorods and Fig. 3 represents TEM image of them.
These images show that the WO; nanorods with
obviously individual morphology with average dimensions
about 15 x 100 nm were prepared.

Addition of TX-100 as surfactant reduced the reaction
temperature from 180°C to 160°C and the reaction time
from 7 to 3 days in comparison to the previous research [27].
TX-100 facilitates the formation of individual and well
defined WO; nanorods. There are definitely some interactions
between the metal ions with the polar head groups of the
surfactant (TX-100). These interactions may be the reason
why WO; nanorods can form in better conditions such as
lower temperature and shorter reaction time. It can be
concluded that nucleation and growth are well controlled.
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Fig. 4: XRD pattern of WO;3; nanoparticles that were
prepared by spray pyrolysis method and indicates monoclinic
Structure.

XRD analysis was carried out to discover the crystalline
phase and structure of the as-prepared WO; nanorods.
Fig. 5 demonstrates the XRD pattern of the as-prepared
WO; nanorods and the formation of tungsten trioxide
with hexagonal structure. The obtained spectrum is
in good agreement with the JCPDS 33-1387 standard
card witha=7.29 A, c=3.89 A.

Congo Red photo degradation

WO; is known to be a photo catalytic material.
In this paper, the photo catalytic activity of WO;
nanostructures was measured by photo degradation
of Congo Red (CR) under UV irradiation. UV-visible
spectrums of Congo Red absorption (A = 500 nm)
in the presence of the as-prepared samples (WO;
nanopartices and nanorods) illustrate in figure 6(a) and
figure 6(b) respectively.

It was observed that by increasing the irradiation
time, the maximum absorption peak decreases, which
means that the concentration of Congo Red is decreasing
in the presence of WO; nanostructures and UV
illumination.

According to the figure 6(a) and figure 6(b), WO;
nanoparticles with average size about 80 nm has better
photo catalytic activity in comparison to another sample
and according to the figure 6(c), in the case of WO;
nanoparticles, the Congo Red photo degradation rate

is more.
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Fig. 5: XRD pattern of the as-prepared WO; nanorods that
were prepared with modified hydrothermal method and
indicates hexagonal structure.

We suppose that the observed difference between two
morphologies of WO; nanostructures may be related
to the growth direction and crystalline structure.
Relaxation of atoms at the (001) WO; surface, causes
a significant surface energy [28].
In comparison to the other faces, the great stability of (001)
face, provides the best efficiency for the chemisorption

decrease of

and dissociation of oxygenated compounds at the WO;
interface. According to the figure 7, the growth direction
of the hexagonal WO; nanorods is only in one direction
but in the case of WO; nanoparticles,it is the same in all
directions and more crystalline planes may be aligned
with (001) plane. Therefore, photo catalytic activity of
WO; nanoparticles is better than WO; nanorods.
However, the exact reason is not clear and needs further
investigation in the future.

CONCLUSIONS

In this research, WO; nanoparticles were prepared by
spray pyrolysis method. SEM image demonstrates
uniform nanoparticles and XRD analysis illustrates
the formation of WO; phase with monoclinic structure
and average size about 80 nm.

WO; nanorods with hexagonal structure and average
dimension about 15 x 100 nm were synthesized in gram
quantities by modified hydrothermal method at lower
temperature and shorter reaction time in comparison
to the previous research [27].
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Fig..6: Evaluation of WOj; nanostructures photo catalytic
activity by Congo Red photo degradation. a: Congo Red
aqueous solution with WOj; nanoparticles with average size
about 80 nm. b: Congo Red aqueous solution with WO;
nanorods with average dimensions about 15 x 100 nm.
c¢: Molecular structure of Congo Red. d: Change of Congo
Red concentration versus the UV illumination time for
samples 1: Congo Red aqueous solution with WO;
nanoparticles with average size about 80 nm. 2: Congo Red
aqueous solution with WO; nanorods with average dimensions

about 15 x 100 nm.
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Fig. 7: Comparison between the growth direction of WO;
nanoparticle and WO; nanorod.

The photo catalytic activity of WO; nanoparticles
and WO; nanorods were measured by photo degradation
of Congo Red under UV irradiation. The results show that,
by increasing the irradiation time, the maximum
absorption peak intensity and the concentration of Congo
Red decreases in the presence of WO; nanoparticles and
WO; nanorods. Results demonstrated that the photo
catalytic activity of WOj; nanoparticles is better than WO;
nanorods. Therefore, in this reaction, spherical morphology
is superior to column morphology
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