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ABSTRACT

In this study, Agl-ZnO/chitosan nanocomposite was synthesized and then was coated on 2x40x200 glass
plates under UVA irradiation for the removal of toluene from air streams. The Agl-ZnO/chitosan
Nanocomposite was characterized using XRD, SEM, FTIR and BET techniques. The analyses showed
Zn and Ag were added to the composite structure with weight percentages of 32.02 and 7.31,
respectively. The results confirmed that the Agl-ZnO/chitosan nanocomposite was successfully
synthetized. According to the results, the photocatalytic process was able to remove 74.6% of toluene at
an air flow rate of 1 L/min after 3.3 min. Also, by increasing the passing flow rate from 0.3 to 1.5 L/min
through the photocatalytic reactor, the process efficiency for toluene removal increased. The toluene
removal efficiency decreased with increasing relative humidity with respect to time. Moreover,
increasing relative humidity decreased the photocatalyst capacity for the removal of the target pollutants.
The results implied that the initial toluene concentration in the inlet stream played a key role on the
photocatalysis of toluene and by further increase in the pollutant concentration higher than 20 ppm, its
performance decreased dramatically. Therefore, the proposed process can be used and an effective
technique for the removal of toluene from the polluted air stream under UV irradiation and increasing
temperature up to 60 °C could increase its performance.

doi: 10.5829/ije.2021.34.03c.02

1. INTRODUCTION

exposure to toluene can cause fatigue, dizziness,
weakness, unbalanced behavior, memory impairment,

Nowadays, the quality of indoor air in residential and
occupational environments has become an important
issue around the world [1]. Toluene as an aromatic
hydrocarbon is widely found in coal tar that can pose a
major threat to human health. Toluene (methylbenzene or
phenyl methane) is a colorless, odorless, water-insoluble
and flammable liquid, which is commonly used as a
solvent in various industries such as paints, resins,
solvents, thinners, silicone sealants, chemical reagents,
plastics, printing inks, adhesives, lacquers and
disinfectants. It can also be used in the manufacture of
foam and TNT [2]. Toluene exposure is associated with
many adverse effects on human health. Low-level

*Corresponding Author Email: h.koohestani@semnan.ac.ir (H.
Koohestani)

insomnia, anorexia, and blurred vision and hearing loss.
Toluene can also cause damage to liver and kidney [3].
There is no evidence at present that toluene causes cancer
in humans [4]. Occupational Safety and Health
Administration (OSHA) standard concentration has
established a maximum exposure limit of 3 ppm for the
workplace and EPA has recommended 14.3 mg/L for
drinking water [5]. Due to the adverse effects of toluene
on human health, it must be removed from polluted air
streams before being released into the ambient air. In
recent years, there has been a growing interest in the use
of heterogeneous photocatalytic oxidation for indoor air
purification, especially gaseous pollutants such as
benzene, toluene, ethylbenzene, zylene isomers, and
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ethylene trichloride. Because the indoor pollutants can
pose a serious health risk to human [6]. The use of Nano-
crystalline semiconductors as photocatalysts to initiate
surface reduction-oxidation reactions has gained much
interest due to their unique physicochemical properties
such as nano-dimensions and high specific surface area.
Until now, numerous photocatalysts have been used in
photocatalytic degradation of different pollutants from
air and water media. Among them, zinc oxide (ZnO)
nanoparticle is one of the most widely used inorganic
nanoparticles, which offers good physical and chemical
properties like high chemical stability, low dielectric
constant, low toxicity, high electromechanical coupling
coefficient, high optical absorption thresholds and high
ability to degrade some organic compounds, and high
catalytic activity [7-9].

Zn0O as a semiconductor (type I1-VI) has a band gap
of 3.37 eV and an excitation binding energy of 60 eV at
room temperature. Due to its non-toxicity and low-cost,
it offers high potential to be used as photocatalyst.
However, some limitations of ZnO such as low quantum
efficiency and low visible light absorption limit its
practical applications as photocatalyst. Agl is a
plasmonic semiconductor that offers a narrow band gap,
and hence provides excellent visible light sensitivity and
photocatalytic performance. So that the combined
composite of this photocaalyst can make it a more
practical catalyst and boosts its application under
different types of light sourses [10].

Nowadays, in order to enhance the adsorption and
condensation of gaseous compounds, various stabilizers
such as activated carbon, bone ash, silica, alumina,
zeolites are applied. In this regard, chitosan as a natural
polysaccharide provides many advantages such as
hydrophilicity, biocompatibility, biodegradability and
antibacterial properties. Chitosan is also capable of
absorbing many metal ions because its amino groups can
act as a chelating site [11]. In a review study on the
applicability of chitosan based nanocomposite materials
as a photocatalyst, it was found that the use of natural
organic materials such as chitosan in the synthesis of
nano-sized material causes an interface for the charge
transfer, resulting in an increase of photocatalytic
efficiency [12]. Therefore, the use of chitosan as
supporting material in photocatalytic process can
increase the adsorption rate of pollutant molecules, and
consequently increase the photocatalytic process
efficiency. Recent studies have showed that Ag-based
semiconductors exhibits strong visible light absorption
and high photocatalytic activity under visible light due to
its narrow band gap energy [13]. Until now, there has
been no study investigating the performance of Agl-
ZnO/chitosan nanocomposite for the removal of toluene
from polluted air stream.

Therefore, this study aimed at investigating the
performance of Agl-ZnO/chitosan nanocomposite fixed

on glass bed in photocatalytic degradation of toluene
from polluted air stream under UVA irradiation. For this
reason, on the proposed photocatalytic efficiency, the
effects of various parameters, such as volumetric flow
Rate, TiO/chitosan ratio, volumetric flow rate, and
toluene concentration were investigated. Moreover, in
order to evaluate the applicability of the proposed system
under visible light as a cost effective and available
energy, the experiments were conducted under UVA and
visible light.

2. MATERIALS AND METHODS

2. 1. Materials Toluene with >99% purity were
analytical grade and purchased from Merck (Darmstadt,
Germany). Agl powders were purchased from Sigma
Aldrich Co (USA). Chitosan was provided from tiger or
pink shrimp shells that is available in the domestic
markets and shrimp shops in Ahwaz city of Khuzestan
province.

2. 2. Preparation of Chitosan from Chitin
Chemical and biological methods are commonly used for
the production of chitin and chitosan from the shrimp
shell including. In this study, the chemical method was
used for the production of chitosan from tiger or pink
shrimp shells that is available in the domestic markets
and shrimp shops in Ahwaz city of Khuzestan province.
For this reason, chitin was first extracted in four steps
including: 1) size reduction: In this step, the pink shrimp
shells were rinsed with distilled water and stored in 0.5%
sodium hydroxide solution for 4 h. Next, the resulting
shells were rinsed with distilled water, dried in open air
and grinded machine, 2) protein removal: 2% caustic
soda solution with a weight ratio of 1:30 was used at 90
° C for 24 h. Then, the resulting shells were rinsed and
washed with distilled water until the sample pH reached
near neutral and dried at 70 ° C, 3) demineralization: the
shell residues were poured in 2% hydrochloric acid,
mixed in 5% hydrochloric acid solution at 60 ° C for 24
h, filtered, washed to reach neutral pH and finally dried,
and 4) decolorization: the obtained chitin was kept in
acetone-ethanol solution (1: 1 ratio) for 24 h until the
color became clear, washed to reach neutral pH, and then
dried. Eventually, chitosan was obtained the
deacetylation of the prepared chitin from the previous
stages.

2. 2.Preparation of Agl-ZnO Nanocomposite In
order to prepare 0.188 mol of silver iodide crystal, 0.578
g of zinc nitrate and 506.08 g of silver nitrate were
dissolved in 100 mL of distilled water and stirred at room
temperature. Then, NaOH solution (5 M) was added
dropwise to the resulting solution at room temperature to
reach pH of 9.5. Then, the aqueous sodium iodide
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solution (0.076 g of sodium iodide dissolved in 50 mL of
distilled water) was slowly added into the light brown
suspension until the solution turned yellow. The resulting
yellow suspension was then refluxed for 60 min at
approximately 196 °C. The formed olive product was
centrifuged. The obtained precipitate was removed and
washed twice with distilled water and ethanol to remove
unreacted reagents and dried at 60 ° C for 24 h.

2. 3. Synthesis of  Agl-ZnO/Chitosan
Nanocomposite In the present study, Agl-
ZnO/chitosan nanocomposite was synthetized in three
differentratios of 0.5: 1, 1: 1, and 1: 2 chitosan: Agl-ZnO.
For preparing Agl-ZnO/chitosan nanocomposite with a
ratio of 1: 1, 2 g of Agl-ZnO powder was poured into 100
mL of distilled water, and then placed in an ultrasonic
bath for 5 h to form a suspension. Next, 2 g of the
chitosan powder was added into 100 mL of 5% acetic
acid solution and placed on a shaker at 60 rpm.
Afterward, the resulting mixture was added into the Agl-
ZnO suspension until white gel was formed

2. 4. Characterization of AgI-ZnO/Chitosan
Nanocomposite In this step, the prepared Agl-
ZnO/chitosan nanocomposite was characterized using
XRD technique (to identify crystalline compounds or
phases), (to study surface morphology), FTIR (to
determine functional groups) and BET (to measure
specific surface area).

2. 5. Experiments In this research, Agl-
ZnOl/chitosan nanocomposite was first synthetized and
then was coated on 2x40x200 glass plates. Next, the glass

containing harmonious nanocomposite was placed inside
a plexiglass chamber with a useful volume of 1 L (5 x8x
25 mm). All experiments were conducted in this set-up
as continuous—flow reactor. The airflow was generated
using the air pump (BioLite High-volume Sample Pump,
SKC) and passed through the chamber containing toluene
(37% toluene was used to provide various concentrations
of toluene in the gas phase) and a humidifier (containing
water) to provide the desirable humidity. Afterward, the
humid air stream containing toluene was entered into a
mixing chamber and the photocatalytic reactor. The air
stream containing the compounds of interest was entered
into the reactor and passed on the photocatalytic glass
containing photo catalyst under UV irradiation at a
wavelength of 365 nm, which provided by two UVA
lamps (6 watt). The concentration of toluene in the inlet
and outlet of the reactor was measured by sampling
valves embedded in the inlet and outlet of the reactor
using a direct-reading monitor (PhoCheck TIGER). In
order to evaluate the effects of visible light on the process
performance, a 30-watt fluorescent tube was applied in

the reactor. A schematic illustration of the reactor used is
shown in Figure 1.

In order to determine the optimum conditions of the
various parameters affecting the photocatalytic process,
the experiments were performed at three different levels
of each parameter under UV irradiation (Table 1). In
order to determine the effect of irradiation type on
process efficiency, the experiments were conducted
under UV and visible irradiation. The parameter were
optimized by the one-factor-at-a-time method as
presented in Table 1. Moreover, in order to investigate
kinetics and thermodynamics of the process, the effects
of time and temperature variables under optimal
conditions were also investigated. Table 2 shows how the
experiments were performed. Sample size determination
was based on the simplicity of the design of the
experiment (combining factors to perform the
experiments) based on the one-factor-at-a-time method.
It should be noted that in the present study, the effect of
irradation time was evalauted by changing the duration
of the use of UVA lump in the reactor. Because,
increasing the irradiation time may affect on the
photocatalyst. Moreover, the effects of temperature and
time (in a specific range) on the process efficiency were
investigated (see Table 3).

3. RESULTS AND DISCUSSION

3.1.Nano-composite Characterization = The Agl-
ZnO/chitosan nanocomposite was characterized using
XRD, FTIR and BET techniques. Figure 2 a presents the
FTIR spectrum of the synthetized Agl-ZnO/chitosan
nanocomposite. As observed here, the broader and
stronger peak at 3425 cm™ is attributed to the NH; and
OH group stretching vibration, which may be due to the
interaction between these groups and ZnO. Moreover, the
presence of peaks at 2924 and 2859 cm™* may be assigned
to asymmetric stretching OH, CH3 and CH, of chitosan
polymer in the structure of the Nan-composite [14].
Moreover, the presence of peak at 1647 cm™ may be
assigned to addition of silver nanoparticles to the

Figure 1. A schematic illustration of the reactor used (1-Air
Pump, 2- Flow adjustment valve, 3- Humidifier, 4- Toluene
chamber, 5- Toluene solution, 6- Mixing chamber, 7-
Flowmeter, 8-Photocatalyst, 9- Reaction reactor, 10-
Ultraviolet lamp, 11- Input sampling valve, 12- Output
sampling valve, 13- Humidity meter)
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TABLE 1. Determination of optimum parameters under UV irradiation

601

Volumetric flow rate (L/min)  Toluene concentration (ppm) Relative humidity (%) TiO/chitosan ratio

Volumetric flow rate (L/min)

4 60 11 0.2 0.6

Volumetric flow rate
(L/min)

4 Optimum 1:1 20 50

Relative humidity (%) Toluene concentration (ppm) TiO,/chitosan ratio

Volumetric flow rate Relative humidity

Agl-ZnO/chitosan ratio Toluene concentration (ppm)

1

Volumetric Flow Rate (L/min)

80

TiO,/Chitosan Ratio

(L/min) (%)
4 Optimum Optimum 1:.0.5 1:1 2:1
Total runs with 2 replicates 18
TABLE 2. Effect of toluene concentration under optimum operating conditions on process efficiency
Irradiation source Optimal conditions Toluene concentration (ppm)
UV-A Flow, Relative humidity and Chitosan /Agi-Zno ratio 1 2 4 6 8
Visible Light Flow, Relative humidity and Chitosan /Agi-Zno ratio 1 2 4 6 8
Total runs with 2 replicates 20
TABLE 3. Effect of temperature and time on process efficiency

Optimal conditions Irradiation source Parameters Levels

Irradiation time” (s) 60 75 100 150 300

. . UV-A
Concentration, relative Temperature (° C) 25 45 65
humidity and chitosan
/AgI-ZnO ratio S Irradiation time (s) 60 75 100 150 300
Visible light

Temperature (° C) 25 45 65

Total runs with two replicates 32

*irradiation time: Duration of use of UV lamp before sampling

proposed composite. According to the XRD analysis of
the synthetized nanocomposite (Figure 1b), the peaks
observed at 26 values 0f 37.9002 °, 47.3018 °, 56.1889 °,
and 76.8833 ° that are assigned to (111), (200), (220) and
(311) planes of pure silver based on the face-centered
cubic structure (JCPDS, file No. 04-0783) [15,16].
Figures 2c and 2d show the EDAX analysis results of the
synthetized nanocomposite. As can be see here, Zn and
Ag was added to the composite structure with weight
percentages of 32.02 and 7.31, respectively, which
confirmed that the Agl-ZnO/chitosan nanocomposite
was successfully synthetized. Figure 2e demonstrates the
SEM images of the Agl-ZnO/chitosan nanocomposite.
The SEM analysis indicated spherical shape of Ag
nanoparticles that the size of most particles are more than
100 nm.

3. 2. Effect of Flow Rate In this study, in order to
investigate the performance of the photocatalytic process
under different flow rates, the experiments were
conducted under 5 flow rates (0.3, 0.5, 1, 1.5 and 2
L/min). Figure 3 presents the changes of process

efficiency with increasing flow rates with respect to time.
As observed, by increasing passing flow rate from 0.3 to
1.5 L/min through the photocatalytic reactor, the process

Figure 2. (a) FTIR analysis, (b) XRD, (c and d) EDAX, and
(e) SEM analyses of Agl-ZnO/chitosan Nanocomposite
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efficiency for toluene removal increased. Flow rate of the
entrance stream to a photocatalytic reactor plays a key
role in the photocatalysis of the target pollutant, due to its
role in the determination of irradiation time of pollutant
in the reactor. It is suspected that increasing flow rate up
to certain amount provides enough irradiation time of the
pollutant and sufficient mixing for the photocatalytic
process. While further increasing the air flow rate can
decrease the residence time of the pollutant, and thereby
decreases the process efficiency. As can be seen in Figure
2, the process efficiency of the proposed photocatalytic
process increased with increasing air flow rate up to 1.5
L/min, while by further increasing the air flow rate to 2
L/min, a dramatic decrease was observed in the process
performance. This phenomenon may be attributed to the
high speed of the air stream inside the reactor, which
decreases the UV irradiation time in the reactor.
According to the results, photocatalytic process increased
with increasing UV irradiation time from 0 to 0.6 min and
then a constant efficiency was observed with respect to
time. The photocatalytic process was able to remove
74.6% of toluene in at an air flow rate of 1 L/min after
3.3 min of irradiation time. This finding indicated that the
proposed process requires low contact time to remove the
pollutant in the air stream and further increasing in the
contact time did not have an obvious effect on increasing
process efficiency. In a recent study, the synergistic
effect of pollutant initial concentration and air flow rate
on the plasma-photocatalytic process for ethylbenzene
removal was investigated. It was found that the flow rate
had a negative effect on the ethylbenzene removal
efficiency. The highest performance was observed at the
lowest air flow rate. This difference with our findings
may be attributed to the difference in the volume of
entrance air and the dimensions of the used reactor. In the
present study, the effect of air flow rate was investigated
in the range 0.3-2 L/min, while in the mentioned study,
the effect of air flow rate was very lower (15-45 mL). On
the other hand, the simultaneous effect of increasing the
pollutant concentration can also be related to decrease in
overall process efficiency in the mentioned study in
compared to the present study [17].

Q=0.3L min-1
Q=0.5L min-1
Q=1L min-1
Q=151 min-1

—%—Q=2L min-1

Time (miuj

Figure 3. Effect of air flow rate on photocatalysis of toluene

3. 3. Effect of Relative Humidity Water vapor is
generated as a byproduct in the most of reactions in
industries such as burning in petroleum and gas
refineries. The content of water vapor is measured as
relative humidity in contaminated air stream. It is
recommended to measure the relative humidity along
with other parameters in the exhaust air flow from many
industries due to its effects on the control processes. In
this regard, it is necessary to evaluate relative humidity
on the performance of control processes. For this reason,
in the present study, the influences of different levels of
relative humidity in the range 30-80% on the proposed
process efficacy were investigated. Figure 4 illustrates
the effects of the relative humidity on the photocatalysis
of toluene with respect to time. As can be seen here, the
performance of the photocatalytic process with the Agl-
ZnOlchitosan nanocomposite fixed on glass bed
decreased with increasing relative humidity level.
Moreover, this decreasing effect increased with respect
to time. Based on the results, the highest removal
efficiency was obtained at 30% of relative humidity,
which was about 70%. This phenomenon is clearly
attributed to the competition of water molecules at higher
humidity to absorb on the vacant sites on the
photocatalyst surface, which decreases the available
vacant sites of the photocatalyst for the target pollutant
[18]. These results are in agreement with the findings of
Jiancai et al. [19] study on the catalytic combustion of
toluene over copper based catalysts with different
supports in presence of water vapor.

3. 4. Effect of Agl-Zn0O/Chitosan Ratios In this
step, the effect of different ratios of Ag-ZnO/chitosan
(0.5:1, 1:1 and 2:1) on the process performance in the
removal of toluene from air stream was investigated. As
can be seen in Figure 5, at the Ag-ZnQO/chitosan ratio of
0.5:1, the photocatalytic efficiency reached about 70%.
This result is due to the photocatalytic activity of the Agl-
ZnO at this ratio, which can generate higher active
species such as *OH and «O,-. Various photocatalysts
generate different main active species because of the
difference in their band structure or phase composition.

80
humidity=30%
70 humidity=60%
—o— humidity=80%

60
50

40

30

Removal Efficiency (%)

0 0.66 2.66

1.3 .. . 2
Time (min)

Figure 4. Effect of relative humidity on photocatalysis of
toluene
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Figure 5. Effects of different ratios of Agl-ZnO /chitosan in
the process performance

Therefore, the different ratio of the proposed
photocatalyst can affect its photocatalytic activity. So
that the process efficiency decreased by increasing Agl-
ZnO/chitosan ratio and the most removal efficacy was
observed at 0.5:1 ratio [9,10]. On the other hand, chitosan
as supporting material in photocatalytic process can
increase the adsorption rate of the pollutant molecules
and consequently increase the photocatalytic process
efficiency, which is consistent with our findings, because
increasing chitosan with a specific ratio of Agl-ZnO in
the proposed nanocomposite could increase the
photocatalytic efficiency for the removal of toluene from
air stream. While, further increase of Agl-ZnO could
reduce the light transmittance and decrease the light
penetration. Therefore, a high dosage of Agl-ZnO limits
the photocatalysis of toluene in the air. This result is
consistent with the finding of Xie et al. [20] study, on the
enhanced photocatalytic activity of Se-doped TiO, under
visible light irradiation. They reported that further
increasing the doping concentration decreased the
photocatalytic activity of the photocatalyst.

3. 5. Effect of Toluene Concentrations The
efficiency of photocatalytic process for the removal of
pollutants is obviously dependent to the pollutant
concentration. In air purification processes using
photocatalytic, due to short UV irradiation time of the
pollutant inside the reactor, the pollutant concentration
plays a key role in the process efficiency. For this reason,
in the present study, the effects of various toluene
concentration on the process performance were
investigated. As observed in Figure 6, the efficiency of
the proposed photocatalytic process reduced with
increasing toluene concentration from 20 to 50 ppm. This
is clearly due to the limited capacity of the nanocatalyst
used in the process, which by increasing the pollutant
concentration from a certain amount, the empty sites
available on the nanocomposite surface is reduced, and
hence there is no enough capacity in the nanocomposite
to decompose the high concentration of the pollutant

Removal Efficiency (%)

7 :Tj.me (min)
Figure 6. Effects of different toluene concentration on the
process performance

molecules. This result is consistent with the findings of
previous studies [1-3]. In contrast, the highest removal
efficiency was obtained at 20 ppm of toluene in the inlet
stream into the reactor. Indeed, the process efficiency
increased with increasing toluene concentration from 10
to 20 ppm. This phenomenon can be due to the absence
of the minimum concentration of contaminants at low
concentrations for the reaction in the process. This result
implied that this process can efficiency used for different
concentrations of air pollutants up to a certain
concentration without decreasing its performance. Binas
et al. [21] in a similar study on the removal of toluene
along with other organic and inorganic pollutants,
reported that the photocatalytic process with modified
TiO, decreased with increasing toluene concentration;
however, this decreasing effect was negligible at low
concentrations of toluene in the range 10-20 ppm, which
is in agreement with our findings.

3. 6. Comparison of Effect of Ultraviolet Light and
Visible Light In this study due to the use of Ag in
the synthesis of photocatalyst it was expected to be
applicable under visible light in addition to UV
irradiation. For this reason, the performance of the Agl-
ZnO/chitosan nanocomposite fixed on glass bed under
the UV irradiation was compared to visible light for the
photocatalytic removal of toluene from gas stream. The
results are presented in Figure 7. As can be see here, the
photocatalytic process offered a better efficiency under
UV irradiation at different temperatures compared to
visible light. This result can be attributed to the high
photocatalytic acitivity of  Agl-ZnO/chitosan
nanocomposite under UVA, which generates higher
active species such as *OH and *O,[9,10]. Therefore, our
findings implied that the proposed photocatalyst showed
higher photocatalyst activity under UVA irradiation
compared to visible light, because of higher degradation
rate of toluene under UVA irradiation. According to the
results, the highest removal efficiency of toluene was
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Figure 7. Effects of ultraviolet irradiation and visible light
on photocatalytic removal of toluene from gas stream using
Agl-ZnO/chitosan Nanocomposite fixed on glass bed

observed at 60 °C under UV irradiation. Therefore, the
photocatalytic process has high performance at higher
reaction temperature that can be attributed to the increase
in the rate of chemical reactions at high temperatures.
This result is consistent with the findings of Hu et al. [22]
on the effect of reaction temperature on the
photocatalytic degradation of methyl orange under UV-
Vis light irradiation. In the mentioned study, it was
reported that the photo catalytic efficiency increased five
times by increasing reaction temperature in the range 30-
100 °C [22-24]. This finding emphasize the role of solar
energy in such photocatalytic processes that can be used
for activation of the used catalyst simultaneously with
increasing the reaction temperature.

4. CONCLUSION AND FUTURE PERSPECTIVE

In this study, Agl-ZnO/chitosan nanocomposite was first
synthetized and used for photocatalytic degradation of
toluene from polluted air. The laboratory experiments
indicated that the process efficiency of the proposed
photocatalytic process increased with increasing air flow
rate up to 1.5 L/min, while by further increasing the air
flow rate to 2 L/min, a dramatic decrease was observed
in the process performance, and obviously decreased
with increasing relative humidity. Moreover, the process
efficiency was also decreased by increasing Agl-
ZnO/chitosan ratio and the most removal efficacy was
observed at 0.5:1 ratio. The results implied that the initial
toluene concentration in the inlet stream played a key role
on the photocatalysis of toluene and by further increase
in the pollutant concentration higher than 20 ppm, its
performance decreased dramatically. Our findings also
indicated that the proposed process offered a better
performance under UV irradiation compared to visible
light and increasing temperature up to 60 °C could
increase its performance. It can be concluded that the
Agl-ZnO/chitosan nanocomposite fixed on glass bed can

effectively remove toluene from air stream under UV
light, and given the synergetic effect of high temperature
on the process efficiency, it is recommended to perform
further study on the application of such process under
sunlight as a natural and cost-effective source for UV and
temperature rise. Lack of analysis of the production of
by-products during photocatalytic process to determine
the quality of the outlet gase and lack of investigation of
the effect of other contaminants on the process efficiency
are considered as the main limitations in conducting this
research. Further studies are requred to investigate the
effect of some other parameters such as other polutants
on the Agl-ZnO/chitosan photocatalyst under UVA
irradiation as well as by-products in the outlet gas of the
proposed process in order to determine the quality of the
process exhaust gas.
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