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ABSTRACT

Introduction: Rapid population growth and industrialization have increased chemical pollutants. Some
studies show that employee exposure to formaldehyde in industrial places, hospitals, and laboratory
settings is more than the allowed limits. Therefore, it is necessary to implement a proper control system
to reduce this exposure. This study aimed to synthesize Ag,PO,/TiO, nanocomposite, determine its
morphological and structural characteristics, and test the degradation efficiency of this photocatalyst on
formaldehyde.

Material and Methods: Ag,PO,/TiO, composites were synthesized via an in-situ precipitation method.
The physicochemical, morphological, and optical properties of the synthesized sample were investigated
by employing the BET method, X-ray diffraction (XRD), UV—visible absorption spectroscopy, and scanning
electron microscopy (SEM). The photocatalyst degradation efficiency test was performed on gaseous
formaldehyde in a 3.2-liter photoreactor under visible light radiation.

Results: The UV-Vis absorption spectrum of the Ag,PO,/TiO, sample noticeably shifted to the visible light
region compared to that of the TiO2. The bandgap energy of the nanocomposite was 2.3 eV. The SEM
image demonstrated that the average particle size of the nanocomposite was about 102 nm. The result of
the degradation efficiency tests revealed that 63% of the formaldehyde was removed under visible light
irradiation after 90 minutes by the Ag,PO,/TiO, photocatalyst.

Conclusion: The adopted synthesis method adopted was highly efficient and appropriate for the synthesis
of Ag_PO,/TiO, nanocomposite according to the analyses. The Ag,PO,/TiO, photocatalyst performed well
under visible light radiation and could be used in pollution control systems.
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1. INTRODUCTION productivity and may also cause acute health

Rapid population growth and industrialization
have increased chemical pollutants. Among all the
chemical hazards that reduce air quality, volatile
organic compounds (VOCs) are recognized as
one of the most important groups of indoor air
pollutants. Exposure to VOCs may reduce worker
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effects such as eye irritation, respiratory disorders,
headaches, fatigue, asthma symptoms, and
chronic diseases such as cancer. Among all VOCs,
formaldehyde is one of the most common and well-
known air pollutants due to its wide distribution in
the air and its highly toxic nature.

Exposure to formaldehyde has been shown to
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irritate the mucous membranes of the eyes and
upper respiratory tract and may cause allergic
contact dermatitis and contact urticaria. Chronic
formaldehyde exposure can cause cancer, which
is the reason for the classification of formaldehyde
as “carcinogenic to humans (group 1)” by the
International Agency for Research on Cancer
(IARC).

Formaldehyde is the precursor of numerous
industrial processes. It is also used as a preservative,
disinfectant, and biocide in hospitals and medical
laboratories. Some studies have reported that
employees exposure to formaldehyde in industrial
places, hospitals, and laboratory settings is beyond
the allowed limits. Therefore, it is vital to implement
a proper control system to reduce employees
exposure.

Various control equipment and approaches
such as physical adsorption, biodegradation,
catalytic combustion, photocatalysis, and plasma
technology have been developed to remove VOCs.
Photocatalytic oxidation, using semiconductors
that are activated by visible light has been
considered a potential strategy for the removal of
contaminants arising from organic chemicals. In
fact, the process of photocatalytic degradation is
a green technology that occurs with solar energy
and free radicals produced by the photocatalyst
at ambient temperature and pressure. In the
advanced oxidation process (AOP), contaminants
are converted into water and carbon dioxide by free
radicals and are entirely mineralized. This process
involves the absorption of photons with energy
(hv) greater than the energy of the bandgap (BG)
of the photocatalyst, which results in the transfer of
the electron (e-) from the valence bond (VB) to the
conduction band (CB). This process creates a hole
(h+) in the valence bond and an excited electron in
the catalyst’s conduction band (Eq. (1)). Electrons
and holes destroy organic pollutants directly or by
producing free radicals.

Photocatalyst + hv > h*(VB) + ¢ (CB) Eq. (1)

TiO, is known as one of the most efficient
photocatalysts due to its unique properties such
as suitable energy band position, unique surface
structure for electrolyte and organic matter
adsorption, and long chemical stability. ZnO, WO,,
SnO,, and BiOCl have also been extensively studied,
butbecause of their wide bandgap, like TiO,, they can
only absorb UV light, which constitutes about 4%
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of the solar spectrum. Furthermore, several narrow
bandgap (NBS) semiconductors have recently been
synthesized as visible light photocatalysts. Bi, WO,
BiVO,, AgCrO, etc., are significantly activated
by visible light. However, these one-component
systems have limited photocatalytic efficiencies due
to the rapid recombination of electrons and holes.

Hence, new mechanisms have been developed
by researchers to prevent recombination. One way
to stop recombination is to conduct the produced
electrons and holes on the surfaces of different
catalysts. This is done using heterogeneous
photocatalysts with different potentials of the
conduction and valence bands. The limitations
of single-component systems as visible light
photocatalysts can be overcome by constructing
heterogeneous photocatalysts consisting of two
different semiconductors with suitable energy band
locations. Such a system will have the advantages of
efficient use of sunlight and effective separation of
electrons and holes. This means that the electrons
produced in CB and VB holes of one semiconductor
can be transferred to CB and/or VB of another
semiconductor. As a result, the produced electrons
and holes in both semiconductors can be spatially
separated, thus preventing the recombination of
electrons and holes.

This study aimed to synthesize and characterize
heterogeneous nano-photocatalyst Ag.PO,/TiO,
and investigate its efficiency in removing gaseous
formaldehyde.

2. MATERIAL AND METHODS
Materials

Titanium dioxide (TiO,, US-NANO), silver
nitrate (AgNO,, Samchun), sodium dihydrogen
phosphate (NaH,PO,, Merck), and 99.5% ethanol
(C,H,OH, Merck) were used to synthesize Ag,PO,/
TiO,.

Synthesis

For Ag,PO,/TiO, synthesis, 1.6 gr of commercial
TiO, was first added to 50 ml of deionized water
and placed in an ultrasonic bath for 15 minutes to
form a homogeneous suspension. Then, 3.06 gr of
AgNO, was added to the suspension which was
placed on the magnetic stirrer for 15 minutes at
room temperature. Next, 1.91 gr of NaH, PO, was
dissolved in 50 ml of water and added dropwise to
the TiO, suspension to change its color to yellow.
After mixing the material on the magnetic stirrer
for 4 hours, the formed Ag, PO, /TiO, was filtered
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Fig. 1. XRD pattern of the Ag,PO,/TiO, sample

and washed in triplicate with a solution containing
equal volumes of distilled water and ethanol. The
resulting yellow powder was placed in an oven at 60
°C for 12 hours to dry.

Photocatalytic tests

Briefly, 0.5 gr of the synthesized photocatalyst
was coated onaglasswith adiameter of § cmbyaspin
coating method, and the coated glass was placed in
a 3.2-liter photoreactor. A fan was used to circulate
the air inside the photoreactor. After placing the
photocatalyst-coated glass in the photoreactor,
a concentration of 3 ppm of formaldehyde was
generated by sublimation of paraformaldehyde
from the photoreactor’s paraformaldehyde
tank. The amount of formaldehyde entering the
photoreactor was controlled with a gas valve.
After adjusting the favorable concentration,
photocatalyst exposure was started using a 150-watt
xenon lamp. The air inside the reactor was sampled
by the acetylacetone method to determine the
concentration of formaldehyde and was analyzed
using a spectrophotometer at 412 nm.

3. RESULTS AND DISCUSSION

The XRD pattern of the synthesized
nanocomposite is shown in Figure 1. According
to the proposed results of the Xpert High Score
software, the obtained peaks have the maximum
similarity to 00-006-0505 and 00-021-1276
references, which are related to silver phosphate
and titanium dioxide. This indicates that Ag,PO,
and TiO, have been successfully formed in the
synthesized composite. X-ray diffraction results
reveal the effectiveness of the synthesis method,
and all the peaks in the diffraction diagram were
identified. Hence, there were no impurities in the
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synthesized sample. The presence of peaks related
to Ag,PO, and TiO, in the diagram in accordance
with the existing standards indicates the lack of
chemical reaction between these two components
and the formation of AgPO,/TiO, composite
during the synthesis process. Furthermore, the
peaks of both Ag PO, and TiO, components in the
diffraction diagram were quite sharp and intense,
showing the crystalline structure of the synthesized
photocatalyst.

The SEM image of the synthesized sample and
particle size distributions are shown in Figure 2.
According to SEM images, the average particle size
was 102 nm.

According to the results of BET analysis,
the specific surface area of the synthesized
nanocomposite was 12.82 m?/g.

SEM results show that the synthesized
photocatalyst particles are in the nanometer range.
Having a particle size in the nanometer range
increases the efficiency of the photocatalyst in the
degradation of chemical contaminants. By reducing
the particle size, the specific surface area of the
particles rises, which increases the probability of
contaminant contact with the photocatalyst surface
and enhances the degradation efficiency of the
synthesized photocatalyst.

The results of UV-visible absorption
spectroscopy for Ag.PO,/TiO, are displayed
in Figure 3. As can be seen, the Ag PO, /TiO,
composite has a good absorption in the visible light
range.

Based on the results of UV-Vis absorption
spectroscopy, it can be concluded that the Ag,PO,/
TiO, photocatalyst could absorb the photons in
the visible region, while also being active in the
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Fig. 4. Concentration-time diagram of formaldehyde degradation in the photoreactor

ultraviolet wavelength regions. The synthesized
photocatalyst maintains half of its maximum
absorbance up to the 800 nm range, indicating
that it can perform well up to this range. The
bandgap of the synthesized photocatalyst was 2.3

[ DOR!

eV, which is less than the values obtained for the
same photocatalyst in other synthesis methods. The
narrow bandgap improves the performance of the
photocatalyst in the visible range and promotes the
efficiency of air pollutant degradation.
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This study evaluated the performance of
Ag PO, /TiO, photocatalyst for the degradation
of gaseous formaldehyde under visible light. As
shown in Figure 4, 63% of the formaldehyde in the
photoreactor was destroyed after 90 minutes by the
Ag PO, /TiO, photocatalyst. According to Figure 4,
the synthesized photocatalyst performed well in the
visible light range. Under visible light radiation, the
Ag PO, photocatalyst is activated, and an electron is
transferred from its valance band to the conduction
band, thereby creating a hole in its valence band.
The hole is transferred to the TiO, photocatalyst
valence band to achieve stability. This reduces the

Journal of Health and Safety at Work 2022; 12(3): 499-513

possibility of electron and hole recombination,
and the hole created in the TiO, valence band can
be used in various oxidation reactions to remove
contaminants.

4. CONCLUSIONS

The synthesis method used in this study was
highly efficient and appropriate for the synthesis
of AgPO,/TiO, nanocomposite according
to the performed analyses. The AgPO,/TiO,
photocatalyst performed well under visible light
radiation and could be used in pollution control
systems.
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