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ABSTRACT: Crystal form of N-TiO2/WO3 Nano-Composite material was prepared from urea, commercial TiO2 and WO3 by
0

simple solid phase reaction followed by calcination at a temperature of 400 C for four hours at each step. The as-synthesized
photocatalyst was characterized using XRD and Uv-Visible diffuse reflectance spectra. It was found that the absorption edge
of N-TiO2/WO3 was well extended to visible light. The effect of catalyst loading and initial pH on the photocatalytic efficiency
of the sample was tested using phenol red as a target pollutant. The photocatalytic degradation efficiency of the catalyst for
the adsorbed phenol red was increased from 61.75-93.87% under visible and 48.01-75.74% under UV as the amount of the
catalyst increase from 0.15 to 0.45 gram. Further increase in concentration was found to decrease the degradation efficiency.
The photocatalytic degradation efficiency of adsorbed phenol red was increased from 55.88-95.23%, under visible and 44.18
-77.32%, under UV as the pH of the solution decreased from 5 to 3. But further decrease in pH was found to decrease the
degradation efficiency. The assynthesized photocatalyst was highly efficient under visible irradiation than under UV
irradiations.
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1

INTRODUCTION

Environmental pollution on a global scale is proposed to be the greatest problem that chemical scientists will face in the
21st century and an increasing number of scientists are looking for new systems to solve this problem [1]. The chemical
industries make products with much beneficial usage; however, they do also have negative impacts on human health and the
environment. They release hazardous, calcitrant and toxic chemical substances such as phenolic compounds, high molecular
weight polymeric surfactants, herbicides and pesticides from industrial wastewater effluent which are well known to be not
easily biodegradable [20].These effects have become major concern within the international community because of the
environmental issues addressed by the Environmental Protection Agency (EPA) to prevent pollution and contamination of
groundwater and surface waters [48]. Traditionally, industrial wastewater treatments for these effluents include different
techniques such as biological treatment, reverse osmosis and activated carbon adsorption. These techniques often utilize
potentially hazardous or polluting materials and even most of them are non-biodegradable.
Therefore, the development of an effective treatment technique that can convert pollutants into non-toxic or less
harmful materials is highly required. In recent years, there has been the emergence of voluminous literatures on the
development of novel effective photocatalytic processes for the treatment of industrial wastewater effluents and municipal
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wastes that contain toxic and recalcitrant pollutants. Photocatalysis is among the rapidly evolving and efficient technologies
for purification of water. With this approach, harmful organic compounds are broken down in the presence of catalyst and
ultraviolet (UV) irradiation without generating secondary harmful pollutants [16]. Semiconductors such as TiO2, Fe2O3, ZnO,
ZnS and WO3 have been known to possess Photocatalytic character [15]. Among them, titanium dioxide has been extensively
studied throughout the world and considered as reference photocatalyst in the degradation of organic pollutants, sewage
treatment, air purification and disinfection due to its superior photocatalytic performance, non-selective degradation of
various organics, deep mineralization rate, low cost, inert and non-toxic properties [7]. However, the wide band of TiO2
(anatase of 3.2 eV, rutile of 3.0 eV) limits the absorption wavelength less than 387 nm, which is only 3–5% of the sunlight
energy and holds back the practical applications [26]. In addition, the high rate of electron–hole recombination on the
surface and in the bulk phase of the catalysts and the low photoelectric conversion efficiency hamper the practical
applications of TiO2 as photo catalytic materials.
Therefore, doping TiO2 with some transition-metal elements such as Co and Cu was used as the initial approach to shift
the optical response of TiO2 from the UV band to the visible band [46]. But even these metal-doped TiO2 materials suffered
from thermal instability and low-quantum efficiency because of increased carrier trapping after doping or require expensive
facilities in the ion implantation case [2].
In contrast, better visible optical response of TiO2 could be achieved by using nonmetal doping [24]. Kinds of nonmetal
elements, including nitrogen, phosphorus, carbon, chlorine, and bromine were found to be capable of making doped TiO2
respond to visible light [23]. In particular, the presence of substitutional Nitrogen atoms in the TiO2 matrix enhanced the
absorption in the visible band and then led to a corresponding photocatalytic activity [45]. It is found that nitrogen doping
could reduce the band gap of TiO2 and improve its photocatalytic activity in the visible light region [2].
The efficiency for photocatalytic degradation of pesticides and phenolic compounds is also largely dependent on
parameters such as the solution pH, catalyst loading, types of catalyst and composition, organic substrate type and
concentration, light intensity and wave length, types of solvent and calcinations temperature [38]. From both application and
economic point of view for operational effectiveness of a photocatalyst, the effects of such parameters should be studied.
So, understanding the impacts of various parameters on the photocatalytic degradation efficiency of nitrogen-doped
TiO2/WO3 nano-composite materials is of paramount importance from the design and the operational points of view. The
photocatalytic degradation activity of NTiO2/ WO3 nano-composite materials have been reported (16]. But the effects of
operating parameters on the photocatalytic degradation efficiency of N-TiO2/WO3 nanocomposite Materials have not been
reported yet.
Therefore, the proposed project was aimed at studying the impacts of pH and catalyst loading on the photocatalytic
efficiency of N-TiO2/WO3 nano-composite materials for photodegradation of phenol red in aqueous solution.

2
2.1

MATERIALS AND METHODS
EXPERIMENTAL SITE

The experiments such as synthesis of photocatalyst and the effect of parameters (pH and catalyst loading on the
photodegradation efficiency of the samples) and part of the characterization of the as-synthesized photocatalysts (Uv-Vis)
were carried out at Haramaya University Research Laboratory (HURL). XRD characterization was done in Addis Ababa
Ethiopia Geological Survey Laboratory.
2.2

EQUIPMENT AND APPARATUS

The equipment and apparatus used in this study were: UV/vis spectrophotometer (Gullen kamp model SP 62), X-ray
diffraction (Bruker D8 Advance XRD, AXS GMBH, Karisruhe, West Germany X-ray defractometre), glass reactor, pH meter
(Mettler Tuledo MP220) , tungsten lamp (TORCH 40W) as visible light source, Uv lamp (254 nm) as Uv-light source , air
(oxygen) pumper, , furnace, centrifuge, magnetic stirrer, and analytical balance.
2.3

CHEMICALS AND REAGENTS

In this study the following chemicals were used: commercial titanium dioxide (TiO2) (scientific park, N.Y,U.S.A.), tungsten
trioxide(WO3) (MW 231.84 gmol-1, SD fine chemicals, 99%), Phenol red (C19H14O5S) (MW. 354.38 g/mol. 1, BLULUX), Ethanol
(CH3CH2OH) (MW. 58.03 g mol-1, Park scientific, 99.8), Urea (MW 60.06 gmol-1, extra pure BLULUX)), 0.1M NaOH (MW. 40 g
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mol-1 Assay: 98%) and 0.1M H2SO4 (MW. 98.08 g mol-1 Assay: 98%). All were analytical grade and used with no further
purification.
2.4

EXPERIMENTAL METHODS

2.4.1
2.4.1.1

PREPARATION OF PHOTOCATALYSTS
PREPARATION OF N-DOPED TIO2

20 g of TiO2 and 60 g of urea (TiO2: urea = 1:3) were mixed and transferred to a mortar and well crushed using pestle. The
obtained powder was then calcined at 400oC for four hours for solid phase reaction [6].
3.4.1.2. Preparation of N-doped TiO2/WO3 Nano-composite Material
10 g of N-TiO2, which was synthesized in section 3.4.1.1.was mixed with 0.75 g of WO3 using 1:1 (v/v) of water and
ethanol as solvent. This mixture was subjected to heating at a temperature of 110oC for drying. After cooling to room
temperature, it was subjected to calcinations temperature of 400oC for four hours [6].
2.4.2

CHARACTERIZATION METHODS

The as-synthesized composite photocatalyst was characterized using XRD and Uv-Vis spectrophotometer. The crystal
phase and crystallite size of the entire obtained composite was measured by Bruker D8 Advance XRD, AXS GMBH, Karisruhe,
West Germany X-ray defractometre. The sample was measured in the angular range (2Ө) of 40-640 at a scan rate of 0.020
min-1 using Cu Kα radiation (λ = 0.154056 nm) operating at 40 kV and 40 mA accelerated voltage and applied current
respectively. A Uv-visible spectrophotometer (Gullen kamp model
SP 62) was used to obtain the optical absorbance spectra of the sample.
2.4.3

PHOTOCATALYTIC DEGRADATION EXPERIMENT

Photocatalytic degradation of phenol red was carried out in a reactor tube made of glass with an effective volume of 500
ml and having an internal diameter of 8 cm with provision for air purging during photocatalysis and an outlet for the
collection of samples from the reactor.
A known amount of the synthesized photocatalyst and 250 ml of PR (50 ppm) was taken in a reactor tube with a capacity
of 500 ml and the suspension was stirred in dark for one hour in each experiment to obtain adsorption equilibrium before
illumination of the reactor. Prior to illumination of the sample by visible or by UV, air (oxygen) was purged using hand purge
into the solution in order to have homogeneous composition. During the reaction, the solution was maintained at room
temperature and the distance of the lamp from the solution was kept to 9 cm and its light intensity was recorded to be
2
8.25mW/cm . 10ml of the sample was withdrawn each time at 20 minutes time interval for over the irradiation time of 3
hours. The suspension was centrifuged at 3500 rpm in order to settle down the catalyst particles at the bottom of the test
tube before analysis. The absorbance of the clear solution was measured at a λ max of 432 nm for quantitative analysis using
different amounts of catalysts and at different pH values.
To check whether the PR is easily degradable or not blank experiment (without addition of any catalyst) has also been
done. Photocatalytic degradation experiment was conducted using the assynthesized photocatalysts (N-doped TiO2/WO3
nano-composite material).
2.4.3.1

EFFECT OF VARYING AMOUNT OF CATALYST ON THE PHOTODEGRADATION OF PHENOL RED

To evaluate the effect of the amount of catalyst loading on the photocatalytic efficiency of the prepared N-doped
TiO2/WO3 nano-composite material on the degradation of phenol red under
UV and visible light; the experiment was carried out by varying the amount of catalyst to be loaded from 0.15-0.65 g.
Similar range was taken to study the effect of the amount of catalyst loading on the photocatalytic efficiency of N-TiO2 for the
degradation of methyl orange in waste water [30]. The percentage degradation was calculated and other parameters were
kept constant.
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2.4.3.2

EFFECT OF VARYING PH OF SOLUTION ON THE PHOTODEGRADATION OF PHENOL RED

Some organic compounds are photocatalytically degraded at lower pH, while others do so at higher pH. Therefore to
evaluate the influence of pH of the solution on the photocatalytic efficiency of the as-synthesized N-doped TiO2/WO3 nanocomposite material on the degradation of phenol red under UV and visible light; the experiment was carried out by varying
the pH within the range of 2-5.5 and at neutral pH .This pH range was limited by considering the nature of the dye (anionic)
and Pzc of the catalyst [4]. Percentage degradation was calculated and other parameters were kept constant.

3

RESULTS AND DISCUSSION

3.1

CHARACTERIZATION OF THE PHOTOCATALYSTS
A fine powder of N-TiO2/WO3 was obtained following the above procedures and was characterized as follows.

3.1.1

X-RAY DIFFRACTION (XRD)
o

Calcinations of the sample at 400 C for 4 hours brings transformation of the composite photocatalyst phase from
amorphous to anatase as the XRD spectra shows maximum peak at average angle of 25.59o for N-TiO2/WO3[2]. There are
also minor peaks at around 38o, 48o, 54o and 55o for the anatase phase. Similar result has been reported by other
researchers for N-TiO2 [2]. For WO3 peaks at 130, 180 and 190 are observed.
The XRD pattern of the as-synthesized sample shows only anatase form of TiO2 and monoclinic form of WO3 indicating
that WO3 is well incorporated into TiO2 [19]. As an XRD spectroscopic technique mimic about the structure of crystals, it can
be confirmed from (Appendix Figure 1) that the crystallographic shape of the as-synthesized anatase is tetragonal, as studied
by many scholars. This is because calcination of TiO2 at 400oC for 4 hrs leads to the formation of anatase which is tetragonal
[19]. As can be confirmed from the XRD spectra of the sample, the incorporation of the impurities into the crystal lattice of
TiO2 doesn’t alter its crystal structure. The average crystallite size of the as-synthesized catalyst was estimated using Dubye
Scherere equation which is given as:
d = κλ/βcosө (3.1)
Where, d is crystallite size in nanometer Κ is shape factor constant, which is 0.9, β is the full width at half maximum in
radians, λ is the wave length of the X-ray and Ө is the Bragg angle.
Therefore the average crystallite size of the photocatalyst (N-TiO2/WO3) was calculated based on Dubye Scherer equation
at 2Ө (degree) value of 25.59 and β (radian) value of 0.0133 and found to be approximately 10.61 nm. As shown in Figure1,
throughout the crystal of N-TiO2/WO3 appears to have no other phase other than anatase phase of TiO2 and the monoclinic
phase of WO3. There was no particular peak resulted from nitrogen impurity in the composite catalyst (N-TiO2/WO3). This
may be due to the uniform distribution of nitrogen possibly in the form of atom within the as-synthesized material [22].
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Figure1: XRD pattern of N-TiO2/WO3

3.1.2

UV/VIS DIFFUSE ABSORBANCE

The Uv–Visible diffuse reflectance spectrum of the prepared N-TiO2/WO3 nano-composite material is given in Figure 2.
The diffuse absorbance is found to be at λ max of 538 nm and almost similar result was reported [19]. But the UV–Visible
diffuse reflectance spectrum of the calcined TiO2 was reported to be at λ max of 397 nm [19]. From this measurement it can
be seen that the absorption edge of N-TiO2/WO3 has shifted to the visible side compared to the non-doped calcined TiO2.
This indicates that in the Uv-vis diffuse reflectance of NTiO2/WO3, the absorption edge of the calcined TiO2 can extend from
397 nm to 538 nm. This may be due to band narrowing of the calcined TiO2 upon doping N and coupling it with WO3.
Accordingly the bang gap energy of the as-synthesized photocatalyst can be calculated by the following equation:
Eg (eV) = 1240/λ (3.2)
Where, Eg is band gap energy in electron volts and λ is the wavelength (nm) at the intercept of tangent line to the x-axis.
Thus from Equation (3.2), the absorption edge of N-TiO2/WO3, can be calculated and was found to be 2.30 eV.

Figure.2. Uv- Visible absorbance of N-TiO2/WO3
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3.2

PHOTOCATALYTIC ACTIVITY OF THE PHOTOCATALYST

To test the photocatalytic efficiency of the prepared nano-materials, photocatalytic degradation of PR was carried out
both under UV and visible irradiations as well as in dark. The percentage degradation of PR was measured at every 20
minutes interval for over 3 hours. The percent degradation was calculated for each case using the following equation.
Degradation (%) = [A0-At / Ao] X 100 (3.3) Where, Ao is the initial absorbance of the solution, At is the absorbance of the
solution at time t in minutes
3.2.1

EFFECT OF OPERATING PARAMETERS

The amount of catalyst loading and pH value are among the major factors which influences the efficiency of degradation
of PR [47]. For this reason the experiments were carried out to find optimum pH value and catalyst loading of the reaction
mixture for the degradation of PR.
3.2.1.1

EFFECT OF CATALYST LOADING

Since there are various dyes which are degraded when exposed to direct UV or visible light in a short period of time even
without the presence of catalyst, initial investigation (“blank” experiment without addition of any photocatalyst on to the
solution of PR) was done in order to determine whether the PR solution is resistant to degradation under UV and Visible
irradiation or not. However, insignificant changes were observed for the duration of 180 minutes (< 1%) both under UV and
visible light sources. This showed that the organic compound in the solution was very stable and do not have self-destruct
mechanism even if it was irradiated under UV or visible light for 3 hours [18]. Dark experiment has also been done to know
the degree of photodegradation of adsorption of PR over the studied photocatalyst under non-irradiation.
The result obtained is given in the following Table1a with its respective figure3a
Table 1a.Percentage adsorption of PR under dark for different amount of N-doped TiO2/WO3

Figure 3 Percentage adsorption of PR under dark for different amount of N-doped TiO2/WO3

The results obtained for photocatalytic degradation of adsorbed PR under visible and UV irradiations are given in the
following Table1b with their respective Figures3b and 3c
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Table 2b. Percentage degradation of PR under Vis and UV irradiations for different amount of N-doped TiO2/WO3

A C(gram)
0.15
0.25
0.35
0.45
0.55
0.65

% degradation of PR ±
Vis

Uv

61.75
78.88
85.33
93.87
89.23
71.89

48.01
57.21
66.05
75.74
70.21
51.89

Figure 4. Percentage degradation of PR under UV irradiations for different amount of N-doped TiO2/WO3

Fig3c. Percentage degradation of PR under visible irradiation for different amount of N-doped TiO2/WO3

The as-synthesized photocatalyst was highly active under visible irradiation than under UV irradiations. This may be due
to the fact that the absorption edge of the modified TiO2 particle shifts to visible light range [12].
The degradation efficiency of the as-synthesized catalyst increases with increasing the catalyst loading from 0.15 g - 0.45
g as shown in table1b above. But further increase up to 0.65 g was found to decrease the photocatalytic efficiency. Such
patterned results have been reported from previous studies for different TiO2 based photocatalysts [13]. This observation
can be explained by the photocatalyst optical properties as the main cause for the differences. Indeed, the total active
surface area increased with increasing catalyst dosage, because of the penetration of UV and visible light into the suspension,
which in turn increases the number of hydroxyl and superoxide radicals [27]
As can be seen from the above Tables1b the efficiency of degradation of the catalyst for the adsorbed PR increases from
48.01 to 75.74% under UV and from 61.75 to 93.87% under visible as the amount of the catalyst increase from 0.15 to 0.45
3+gram. Similar patterns have been reported for Fe TiO2 [32]. But since the intervals are mostly independent, direct
comparison cannot be made between similar catalysts as the type (geometry) and size of the photoreactor, working
condition, intensity, and wave length and incident radiation flux are different [11]. Any further increase of the catalyst
concentration beyond 0.45g was resulted in decrease in efficiency. This phenomenon can be explained by the light scattering
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caused by the light proof catalysts, indeed with increasing catalyst loading the light penetration through the solution and
hence the photoactivated volume of the suspension shrinks [14]. In such condition part of the catalyst surface probably
becomes unavailable for photon absorption and dye adsorption, thus, this may bring little stimulation to the catalytic
degradation . When the amount of TiO2 increases above a saturation level this can lead to high turbidity state and as a
consequence the light photon absorption coefficient will decrease radically [12].
Therefore, when the concentration of N-doped TiO2/WO3 catalyst increases above 0.45 g/250 ml the degradation
efficiency seems to reach equilibrium value and decreases slightly. The photodegradation efficiency of PR for different
concentration of the as-synthesized composite (N-doped TiO2/WO3) under UV, visible and dark reactions are shown in
Figures 3a, 3b and 3c respectively. These figures shows that, under dark and both UV and visible light source, the degradation
efficiency of the catalyst increase as the concentration increases from 0.15 g to 0.45g and then decreases on further increase
in concentration.
3.2.1.2

EFFECT OF INITIAL PH

In order to determine whether the PR solution is resistant to degradation under basic or acidic media, an experiment was
performed at neutral pH and the result was found to be 22.6%under visible and 18.87% under UV. Dark experiment was also
done to know the degree of photodegradation of adsorption of PR over the studied photocatalyst under non-irradiation, but
in different pH values keeping the other parameters constant. Figure 4a represents the results obtained during
photodegradation of adsorption of PR over the studied photocatalyst under non irradiation (dark) at different pH values. The
results are given in the following Table2a.
Table 3a. Percentage adsorption of PR dark for different values of pH

pH % adsorption of PR ±
2
2.5
3
3.5
4
4.5
5

3.20
5.87
8.91
7.12
2.72
1.96
1.23

Figure 5. Percentage adsorption of PR under dark for different values of pH

The results for photocatalytic degradation of adsorbed PR under visible and UV irradiations are also given in the following
Table2b with their corresponding Figures 4b and c
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Table 4b. Percentage degradation of PR under Vis and UV irradiations for different values of pH

pH value

% degradation of PR ±
Vis

2
2.5
3
3.5
4
4.5

82.21
88.02
95.23
85
78.51
65.45

Uv
62.73
69.86
77.32
66
53.44
48.7

Figure 6. Percentage degradation of PR under UV irradiation for different values of pH

Figure 7Percentage degradation of PR under visible irradiation for different values of pH

Again the as-synthesized photocatalyst is highly active under visible irradiation than under UV irradiations. This may be
due to the fact that the absorption edge of modified TiO2 shifts to visible light ranges [12]. The results shows that
degradation efficiency is inversely proportional to pH i.e. degradation efficiency increases with decreasing the pH in each
case but up to a certain value and such patterned results have been reported with previous studies for different TiO2 based
catalysts [13]. The possible explanation for this result is that the amphoteric behavior of the semiconducting catalyst NTiO2/WO3 and the change of surface charge properties of catalyst with change of pH value [4] around its Pzc according to the
following reactions:
+

TiOH + H+ ↔ TiOH2 where pH < pHpzc
−

TiOH + OH ↔ TiO− +H2O where pH >pHpzc
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The point of zero charge of the catalyst was reported to be between 5 to 6.25 [54]
So when pH < 6.25 (acidic) the surfaces of the nano-sized N-TiO2/WO3 particles are positively charged, so strong
adsorption of the anionic PR on to the N-TiO2/WO3 particles is observed as a result of the electrostatic attraction of the
positively charged surface of the N-TiO2/WO3 catalyst with the anionic PR. In this experiment the highest degradation
efficiency was observed at pH = 3. Similar results for N-doped TiO2 nano-particles were found, i.e. degradation efficiency
increases as the pH decreased from 5.0 to 3 [38]. Further decrease in pH up to 2.0 affected the photocatalytic activity of the
catalyst negatively. The reason given for the adverse effect of low pH on the photocatalyst performance is that the possible
increase of H+ concentration may cause dissolution [3] and thereby reduces the crystal size of the prepared N-TiO2/WO3
nano-particles. Again at higher pH value, the hydroxyl radicals are so rapidly scavenged that they do not have the opportunity
to react with N-TiO2/WO3 [42].
On the other hand, when the pH of the solution is greater than 6.25 the surfaces of nano-sized NTiO2/WO3 particles are
negatively charged so the adsorption of PR molecules which are negatively charged is expected to be scarcely adsorbed. This
may be due to columbic repulsion between the two negative surfaces and as a result the efficiency of degradation is lower
[42]. But when pH = Pzc of the catalyst the interaction between the photocatalyst particles and PR is minimum due to the
absence of any electrostatic force as a result the degradation is not efficient. Therefore the photocatalytic activity of anionic
dyes such as PR mainly sulphonated dyes reached max in acidic condition followed by decrease in pH [42].

4

CONCLUSION

In this piece of work, a nano-crystalline modified anatase TiO2 photocatalyst (N-TiO2/WO3) initiated from commercial
TiO2 has been synthesized in order to have efficient TiO2 based photocatalyst that works in visible light.
The effects of some selected operating parameters (effect of initial pH and effect catalyst loading) have been studied
under visible, UV and dark. It was found that catalyst loading was directly proportional to the efficiency of degradation of the
organic dye but up to a certain optimum value (0.45g/250ml) while pH was inversely related to the degradation efficiency for
the prepared catalyst up to a fixed optimum pH value (pH = 3).
Therefore, optimizing the various operational parameters is of paramount importance from the design and the
operational points of view as these could affect the degree of degradation efficiency of catalysts.
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