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Fig. 8. FE-SEM images of TiO,:Mg?**/zeolite composites synthesized
with (a) 2.827 wt% of Mg and (b) 14.342 wt% of Mg.

3.4. Photocatalytic degradation of methyl orange
3.4.1. Effect of the amount of Mg

For comparison, the results of the photocatalytic
activities of the degradation of methyl orange over
TiO,, TiO,/zeolite, and TiO,:Mg**/zeolite as-prepared
samples in the same conditions under visible light are
summarized in Table 2. Obviously, as shown in Table
2, the photocatalytic activity of pure TiO, for the
degradation of methyl orange was low (57.82%). This
weak performance refers to the recombination of the
generated electron (e°)-hole (h) pairs by visible light on
the surfaces of TiO,. The photocatalytic activity for the
degradation of methyl orange was enhanced by TiO,-
containing zeolite or the addition of magnesium to the
TiO,-containing zeolite with the removal percentage
of 83.29% and 97.37%, respectively. It seems that the
addition of zeolite (mostly consisting of SiO, and Al,O;)
and Mg with TiO, reduced the recombination of electron-
hole, and then active species such as hydroxide radicals

(b)

Fig. 9. FE-SEM images of TiO,:Mg*"/zeolite (4.711 wt% of Mg)
composites synthesized at various calcination temperatures: (a)
450°C and (b) 600 °C.

(OH"), superoxide radicals (O*), and hydrogen peroxide
(H,0,) worked to disrupt the methyl orange structures.
A similar result on the mechanism of photocatalytic
experiments was reported by Arabnezhad et al. [30].
Moreover, the results of TiO,:Mg?/zeolite were
better than those of TiO,/zeolite in the same conditions,
suggesting that the combination of Mg with TiO,/zeolite
was helpful in the improvement of the photocatalytic
capability of the TiO,/zeolite composite. Fig. 10
illustrates the effect of Mg content in the TiO,:Mg*"/

Table 2. The performance of different photocatalyst for degradation
of methyl orange in the same conditions.

SKRWRFDWDO\"

Removal percentage (%)

TiO, 57.82
TiO,/zeolite 83.29
TiO,:Mg?*/zeolite 97.37

Conditions: dosage: 5 g/l; methyl orange concentration: 10 mg/l;
pH: 6; irradiation time: 50 min.
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zeolite composites on the photocatalytic degradation of
methyl orange. It is clear that the removal percentage
of methyl orange increases with the increase in the
amount of Mg, reaching a maximum at 4.711 wt% of
Mg (97.37%), and then decreasing with the further
increases of the amount of Mg. It seems that the
electrons produced on the titanium dioxide surface by
visible light move to the Mg?* particle surface, thereby
reducing the recombination of photogenerated electron
(e)-hole (h") pairs, and then significantly increasing the
photocatalytic performance.

Comparing the results of Fig. 10 and Table 1, we
see that adding a certain amount of Mg reduced some
impurities of natural zeolite, such as chlorine; therefore,
increased the performance of the photocatalyst.

It can also be observed that by adding more than the
appropriate amount of Mg, the conglomeration of Mg?*
particles caused the recombination of electron and hole
pairs, resulting in a declined photocatalytic activity.
For the sake of comparison, the sample of TiO,:Mg?*"/
zeolite with 4.711 wt% of Mg was used in the following
experiments.

3.4.2. Effect of calcination temperatures

In order to investigate the effect of calcination
temperature on the photocatalytic activity of the

TiO,:Mg?*/zeolite composite, the photocatalytic
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Fig. 10. The effect of the amount of Mg in TiO,:Mg**/zeolite
composites on photodegradation of methyl orange. Dosage of
catalyst: 5 g/l, methyl orange concentration: 10 mg/l, pH: 6,
irradiation time: 50 min.

degradation of methyl orange over synthesized
composites calcinated at 300-600 °C was studied under
visible light and the results were displayed in Fig. 11.
As shown in Fig. 11, the removal percentage of methyl
orange increases with the increase of the calcination
the maximum removal
percentage for TiO,:Mg?"/zeolite composite (97.73%)
was obtained at 450 °C, and decreased as the calcination

temperature increased to 600°C.

temperature. Furthermore,

As mentioned in XRD analysis, when the calcination
temperature is over 450°C, the anatase phase, which
is useful due to its higher photocatalytic efficiency,
is decreased and the amount of the rutile phase is
increased, in line with the results reported in [31]. For
comparison, the sample of TiO,:Mg**/zeolite calcinated
at 450°C was utilized in the following experiments.

3.4.3. Effect of photocatalyst loading

The catalyst concentration is a highly significant
parameter in wastewater treatment. The influence of
various initial composite concentrations (from 2 to 7
g/1) on the photodegradation of methyl orange has been
examined at constant dye concentration (10 mg/l, pH=6)
and irradiation time (50 min). The removal percentage
of methyl orange over the TiO,:Mg**/zeolite composite
is illustrated in Fig. 12. The results demonstrate that,
by increasing the amount of photocatalyst up to 5
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Fig. 11. The effect of calcination temperature on photodegradation
of methyl orange over TiO,:Mg?*/zeolite composites. Dosage
of catalyst: 5g/l, methyl orange concentration: 10 mg/l, pH: 6,
irradiation time: 50 min.
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Fig. 12. The effect of the amount of photocatalyst on photodegradation
of methyl orange over TiO,:Mg*"/zeolite composites. Methyl orange
concentration: 10 mg/l, pH: 6, irradiation time: 50 min.

g/l, the photodegradation of methyl orange increases
with a trend similar to that reported in [32]. In fact,
by increasing the number of composite particles, the
number of photons absorbed on the surface of the
composite increased, leading to the enhancement of the
methyl orange degradation.

As shown in Fig. 12, at above 5 g/l of photocatalyst
loading, the photodegradation of methyl orange
decreased with increasing catalyst concentration.
This suggests that at higher amounts of photocatalyst
concentration, the agglomeration of particles increases,
and the active sites of composite for methyl orange
photodegradation decreases. Also, an increase in
photocatalyst loading beyond 5 g/l leads to the
enhancement of the turbidity of the solution, reducing

the irradiation field due to an increase in light scattering.
3.4.4. Effect of irradiation time

The effect of irradiation time on the photodegradation
of methyl orange at the initial concentration of 10 mg/l,
pH=10, and 5 g/ of catalyst dosage is displayed in Fig.
13. It is clearly seen that photodegradation increases
from 20.09 to 99.82% with the
increasing from 10 to 70 min. It is evident that the rate
of removal percentage of methyl orange decreased after
50 min of irradiation.

In fact, by increasing the irradiation time, the amount
of photons absorbed on the surface of the photocatalyst
was increased, thereby enhancing the degradation

irradiation time
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Fig. 13. The effect of irradiation time on photodegradation of
methyl orange over TiO,:Mg*/zeolite composites. Methyl orange
concentration: 10 mg/l, pH: 6, dosage of catalyst: 5 g/l.

rate. At longer times, the slow rate of methyl orange
degradation is attributed to the difficulty in converting
the N-atoms of methyl orange into oxidized nitrogen
materials [33].

3.4.5. The Effect of pH

The pH of the solution has a significant effect on the
degradation of methyl orange. To study the effect of pH,
the pH of methyl orange solution was scheduled to be 4,
6,8, 10, and 12 at a constant dye concentration (20 mg/1)
and irradiation time (50 min) with the results presented
in Fig. 14. As seen in Fig. 14, the removal percentage
of methyl orange equaled 63.21, 65.73, 83.79, 100, and
90.08% at the pH of 4, 6, 8, 10, and 12, respectively.
It is evident that the degradation rate is higher in an
alkaline condition than in an acidic condition. Similar
results were reported in the literature regarding the
photodegradation of dye solution [34-35]. In general,
the surface properties of photocatalysts, such as surface-
charged properties, are affected by pH variation. At low
pH values, the agglomeration of photocatalyst particles
reduces dye adsorption and light penetration, and the
removal percentage subsequently decreased.

It has been reported that hydroxyl radical attacks
on the dye molecule play a significant role in the
photocatalytic degradation of methyl orange [35]. In an
acidic medium (low pH), the interaction of azo linkage
(-N=N-) in the methyl orange structure with hydroxyl
radical was decreased due to the high concentration of
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Fig. 14. The effect of pH on photodegradation of methyl orange
over TiO,:Mg?*/zeolite composites. Dosage: 5 g/l, methyl orange
concentration: 20 mg/l, irradiation time: 50 min.

H* and the interaction of excess H™ with azo linkage,
decreasing the electron densities in the azo group and
reacting with the hydroxyl radical. This phenomenon
decreased the removal percentage of methyl orange
in the acidic medium. The photocatalytic activity of
the composite was observed to be higher in alkaline
condition. It seems that the presence of excess OH"
ions in an alkaline pH range caused the formation
of more hydroxyl radicals (interaction between the
negative surface of the composite with OH™ ions and
photogenerated holes), enhancing the hydroxyl radical
attack on the methyl orange molecule and improving the
photocatalytic performance. Sakthivel et al. observed a
similar behavior in their studies [36].

3.4.6. Reusability of photocatalyst

The reusability of a photocatalyst plays a significant
role in its practical applications. In this study, the
reusability of TiO,:Mg*"/zeolite composites was
checked for five photodegradations of methyl orange
cycles. For this purpose, the photodegradation of
methyl orange was performed at a constant methyl
orange concentration (10 mg/l with pH of 6), catalyst
loading (5 g/l), and 50 min of irradiation time. In
each experiment, the composites were recycled after
washing, filtrating, and heating treatment at 200 °C
for 2 h. The results are presented in Table 3. It is clear

that the removal percentage of methyl orange slightly
decreased from 96.69 to 82.06%. Therefore, there is
no significant loss in the photocatalytic activity of the
Ti0,:Mg?*'/zeolite composites in recycling experiments.
It seems that repeating the photocatalytic experiments
led to the loss of TiO, or Mg* from the surface of
the composite, so the photodegradation of methyl
orange was decreased. The resulting photocatalytic
reusability was almost in accordance with the work of
Shahmirzaee et al. [37]. Also, heat treatment can cause
the agglomeration of composite particles, thus reducing
the removal percentage of methyl orange.

4. Conclusion

In this study, a TiO,:Mg*'/zeolite composite was
synthesized by the sol-gel technique and used as a
photocatalyst for the degradation of methyl orange as
an organic pollutant. Results showed that the addition
of Mg to TiO,/zeolite is useful due to its appropriate
performance in the effective separation of electron and
hole pairs and the enhancement of the photocatalyst
activity of the composite. The appropriate content of
Mg in the composite was obtained as 4.711 wt% with
a removal percentage of methyl orange of 100 % under
50 min of irradiation time. In addition, results indicated
that the sample obtained at the calcination temperature
of 450 °C showed the highest amount of anatase
phase for the TiO, structure and removal efficiency.
Furthermore, the experimental results of the prepared
composite photocatalytic degradation of methyl orange
indicated that the degradation rate was higher in an
alkaline condition than in an acidic condition due to the
formation of more hydroxyl radicals. Therefore, we can
conclude that the photocatalyst was stable and provides
suitable reusability.

Table 3. Reusability of the TiO,:Mg*"/zeolite in photodegradation
of methyl orange.

Run Removal percentage (%)
1 96.69
2 93.21
3 89.39
4 86.17
82.06

Dosage: 5 g/l; methyl orange concentration: 10 mg/l; pH: 6;
irradiation time: 50 min.
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