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Introduction

In recent years, photocatalytic processes using titanium
dioxide as a high-activity semiconductor have been
established as an effective and cost-efficient method
for organic pollutants degradation. However, several
limitations including the rapid recombination rate of
electron-hole pairs, low adsorption capacity, tendency
to agglomeration of nanoparticles and difficult recovery
of TiO, nanoparticles are still considered the most
important challenges for the application of this material
[1]. Among the various strategies, the formation of a
heterojunction structure between TiO, and a suitable
semiconductor is one of the most effective approaches
to overcome some of the aforementioned limitations
[2]. Tungsten trioxide (WO,), with its narrow band gap
and strong oxidation power, appears to be a promising
choice for combination with TiO,. In addition, this
combination could enhance electron lifetime on the
titania surface and facilitate the formation of a suitable
heterojunction [3]. Although the formation of a TiO,-
WO, heterojunction shows improved photocatalytic
efficiency compared to pure titania, this composite
still faces some challenges such as rapid catalyst
agglomeration in the reaction solution, low adsorption
capacity, difficult recovery and separation and high
costs. Immobilizing the TiO,-WO, heterojunction over
a cheap and readily available porous mineral support
with high adsorption capacity can lead to reduced
electron-hole recombination, increased accessibility
to active sites, and improved separation and recovery
of photocatalyst particles from the reaction solution
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[4]. Kieselguhr is a porous siliceous mineral with a
large number of silicon hydroxide groups, acidic sites
and hydrogen bonds on its surface as adsorption sites,
which can significantly enhance the photocatalytic
performance [5]. In addition to the nature of the
support and the composition of the heterojunction,
the immobilization method of the active phases on
the support is also an important factor influencing the
properties and performance of the final photocatalyst.
According to the existing literature, no study has yet
investigated the effect of the loading method of the
TiO,-WO, heterojunction on a kieselguhr support.

Based on studies, herbicides present in agricultural
wastewater are recognized as significant organic
pollutants in groundwater and surface water, which
can have detrimental effects on living organisms.
Considering the extensive application and usage of
paraquat in Iran, especially in the western region, it
is considered a prominent pollutant in that area and
therefore, its effective removal from water and soil
seems to be essential [6]. Accordingly, in this research
the photocatalytic performance and properties of
photocomposites prepared via different synthesis
methods (solid state dispersion and precipitation)
to find the most effective method of loading
heterojunction nanoparticles onto the kieselguhr
support were compared and evaluated for the first time.

Materials and Methods
In the SSD method, the required amounts of TiO,
powder (P25 Degussa) and WO, nanoparticles were
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initially placed in a mortar in the presence of ethanol
as a dispersing agent and kieselguhr as support. Fur-
thermore, the ethanol was evaporated while stirring
and obtained sample was dried at 110 °C for 12 h and
then calcined at 500 °C for 6 h, which is abbreviated
as TiO,-WO,-Kieselguhr (SSD). In the precipitation
method, the titanium tetraisopropoxide was dissolved
in isopropanol and named as solution 1. Solution 2
was also prepared by solving the sodium tungstate
dihydrate in distillated water. Then, solutions 1 and 2
with the appropriate amount of kieselguhr were mixed
together and stirred for 1h. Next, 1| M HCI solution
was added dropwise to the above mixture until a pH
of 2 was reached and a precipitate was formed. In fol-
lowing, the obtained suspension was stirred under a
reflux system for 4 h at a constant temperature of 75
°C. Then, the suspension was filtered and washed with
deionized water until a neutral pH was achieved. Fi-
nally, the photocatalysts were dried at 110 °C for 12 h
and calcined at 500 °C for 6 h, which is abbreviated as
TiO,-WO,-Kieselguhr (P).

To evaluate the photocataltic performance for para-
quat degradation, a batch system including a 600 ml
pyrex reactor and 125 W medium pressure Hg lamp
as a UV light source was used. During each experi-
ment, the photocatalyst was uniformly distributed
in the paraquat-contaminated water (10 ppm) with a
dosage of 0.5 g/L. The solution undergoes a two-hour
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Fig. 1 FESEM/EDX analysis of the synthesized samples.
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Fig. 2 PL analysis of the synthesized samples.
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testing period in the absence of light to determine the
equilibrium between absorption-desorption. Then, the
light source is turned on and the photocatalytic pro-
cess begins. During designated intervals, sampling is
done from the reaction solution, and the concentration
of paraquat in the samples is determined using a spec-
trophotometer at 225 nm.

Results and Discussion

Photocatalyst Characterization

To investigate the physical and chemical properties of
photocatalysts, analyses such as XRD, FESEM/EDX,
FTIR, DRS, and PL were used, and the results of the
FESEM/EDX and PL analyses are presented in Figs.
| and 2. An overview of the FESEM images showed
a better distribution of surface particles and a more
uniform morphology with less agglomeration in the
sample prepared by the precipitation method compared
to SSD method. On the basis of photoluminescence
analysis, the PL signal intensity in the TiO,-WO,-
Kieselguhr (P) photocomposite was lower than that in
the TiO,-WO,-Kieselguhr (SSD) sample. Moreover,
the lower PL signal intensity in the sample synthesized
by the precipitation method attributed to the better
dispersion of WO, and TiO, nanoparticles on the
kieselguhr support, which it leads to a decrease in the
recombination rate of electron-hole pairs.

TiO,-WO,-Kieselguhr(P)

WD: 5.04 mm

Photocatalytic Performance

The paraquat removal efficiency of pure TiO, and
TiO,-WO,-Kieselguhr - photocomposites ~ synthesized
by different methods were investigated, and the results
are shown in Fig. 3. The findings demonstrated that the
photocatalytic performance is highly dependent on the
synthesis method and the sample synthesized by the
precipitation method exhibited higher photocatalytic
activity in the removal of paraquat herbicide. The
enhanced efficiency may be due to the improved
structural and surface properties such as more uniform
morphology, better distribution of active sites, stronger
metals-support interaction and lower recombination rate
of electron-hole pairs in this sample, which it was also
consistent with the results of FESEM and PL analyses.
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Fig. 3 Removal efficiency of paraquat by the synthesized
samples.

The photocatalytic removal efficiency of paraquat by
the TiO,-WO,-Kieselguhr (P) photocatalyst reached
62% after 2h of UV irradiation which was almost
three times higher than the removal rate of the pure
TiO, as a reference sample. Under 2h UV irradiation
and optimal operation conditions (5 ppm pollutant
concentration and 1.5 g/L photocatalyst dosage), 84%
of paraquat photocatalytic removal was obtained over
precipitation synthesized sample.

Conclusions

According to the obtained results, it can be concluded
that utilizing inexpensive kieselguhr as a mineral
support, coupled with the optimized precipitation
method for loading the TiO,-WO, heterojunction,
significantly improves the photocatalytic degradation
of paraquat. superior photocatalytic activity observed
in the synthesized sample via the precipitation method
can be attributed to improved photocatalytic properties,
such as more uniform morphology, better dispersion
of active sites and stronger metal-support interaction,
resulting in a lower electron-hole pairs recombination
rate compared to the solid-state distribution method,
which was also confirmed by characterization results.
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