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HIGHLIGHTS

GRAPHICAL ABSTRACT

* The TiO,:Mg*/zeolite composite
can degrade MO under visible
light successfully.

« XRF, XRD, FTIR and SEM
measurements were performed for
structural properties.

* Addition of Mg in TiO,/zeolite
combination has significant effect
on degradation.

» The photocatalyst is found to be
reusable.
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Photodegradation of methyl orange was investigated using synthesized TiO,:Mg*"/
zeolite as the photocatalyst. The photocatalyst was characterized by X-ray, XRF, FT-IR,
and SEM. The photocatalytic activities of TiO,:Mg?**/zeolite samples were evaluated in
the degradation of methyl orange under visible light irradiation. The appropriate content
of Mg in the composite was obtained as 4.711 wt% with 100% removal of methyl
orange in 50 minutes. The influence of irradiation time, catalyst concentration, pH, and
calcination temperature on the photodegradation of methyl orange was investigated,
and the appropriate amounts obtained for these parameters were 60 min, 5 g/l, 10, and
450 °C, respectively. The degradation of methyl orange over TiO,:Mg?**/zeolite was

about 82% after five cycles, confirming the suitable reusability of the photocatalyst.
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1. Introduction

The use of synthetic dyes with complex structures
and high chemical stability have recently increased,
which could cause environmental pollution and health
problems if the wastewater of these industries is left
untreated [1-3]. Among the synthetic dyes existing in
textile wastewater, azo dyes are very stable and barely
degradable [4]. Azo dyes are organic compounds
containing group R—-N=N-R’, in
which the R and R’ are usually aryls. This functional
wastewater group can be broken down into an aromatic
amine, arylamine [5-7], which is poisonous, mutagenic,
and carcinogenic, and therefore necessary to remove
from wastewater [8].

Therearevarious processestoremovedyeing pollutants
from wastewater,
adsorption, saturation, the membrane process, and ion
exchang, and most of these processes are costly and have

the functional

such as chemical coagulation,

low efficiency [9-10]. The use of advanced oxidation
methods in wastewater treatment has increased recently.
The most conventional advanced oxidation methods
[12],
electrocoagulation [13] and ultrasound [14] processes.

include photocatalyst [11], electrochemical
For the non-selective and fast removal of pollutants in
these processes, pollutants (specifically the organic ones)
were decomposed by producing species with very high
reactivity. In the mentioned methods, photocatalysis
appears as an interesting approach for wastewater
treatment using light radiation as a source of energy.
Moreover, this method minimizes the production of
hazardous byproducts [15-17]. Titanium dioxide is one
of the most widely used photocatalysts due to its strong
oxidizing power, chemical and physical stability, low
cost, and non-toxicity. Rutile, anatase, and brookite are
the three major phases of crystalline titanium dioxide,
andrutile and anatase are tetragonal while brookite is
orthorhombic [18-19]. In photocatalytic degradation
of pollutants via TiO,, a large number of electron-hole
pairs are re-combined, and only a few migrate to the
photocatalyst surface and participate in reduction-
oxidation processes, which could reduce the efficiency
of the process. Modification of TiO, with selected metal
ions can improve the inter-surface charge transfer, delay
the electronreturn, and stop electron-hole recombination.
In addition to metal ions, different compounds such
as zeolites, active carbon, perlite, alginat, etc. have
been tested as the base for performing photocatalytic

reactions [20]. Natural zeolites are popular as they are
very inexpensive, accessible, and advantages such as
their photochemical stability, porous structure, channels
with the same size and order, high thermal stability, and
absorption capacity as well as being environmentally-
friendly [19,21]. In the present research, a low amount
of zeolite is composite with titanium dioxide in order
to reduce electron-hole recombination and increase the
photocatalytic removal efficiency. Also, many authors
[9-10] reduce electron-hole recombination by using
prepared TiO, loaded metals oxide such as using MgO
catalysts to study the photocatalytic reduction of nitrate
in an aqueous solution.

In the present work, the TiO,:Mg?**/Zeolite composite
is prepared as a suitable photocatalyst for the
degradation of methyl orange dye. The photocatalysts
were characterized by XRD, XRF, FESM, and FT-IR
techniques. The influence of irradiation time, catalyst
concentration, and calcination
temperature on the photodegradation of methyl orange
was also examined. The photocatalytic degradation of
methyl orange was measured using a UV/Vis absorption
spectrophotometer.

pH, Mg content,

2. Experimental procedure
2.1. Materials

Clinoptilolite, a natural zeolite from Semnan, Iran,
was prepared. Titanium isopropoxide (Sigma-Aldrich,
97%), ethanol (Merck, 99.9%), acetic acid (Merck,
99.5%), (Sigma-Aldrich, >99%),
magnesium nitrate (Merck, 99%), and deionized water

methyl orange

were used throughout this study.
2.2. Preparation of TiO, sol

To prepare the TiO,, 5 ml of titanium isopropoxide
was added to 20 ml of ethanol, and then the solution was
stirred for 30 min on a magnetic stirrer as described in
[19]. Next, a solution containing 4.3 ml of acetic acid, 5
ml of ethanol, and 0.26 ml of water was poured into the
precursor solution dropwise under strong stirring. After
one hour, a clear yellow TiO,.xH,O sol was formed.

2.3. Preparation of TiO,:Mg**/zeolites

The detailed preparation process of TiO,/zeolite is
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described in [15-16]. The TiO,:Mg?**/zeolite composite
was prepared as follows: First, 0.1 g of zeolite powder
was mixed with the above Ti0O,.xH,O sol under constant
stirring. After 3h, different amounts of magnesium
nitrate (2.827, 4.711, 9.422, and 14.342 wt% of Mg)
were added into the above solution and stirred for 6 h
on a magnetic stirrer. In the next step, a solution of an
equal wt% of water and ethanol was poured into the
above solution dropwise under strong stirring for 5 min
to obtain a precipitate which was then dried in the oven
at 120°C for 11 h. Finally, the dried powder was calcined
at different temperatures (300, 450, and 600 °C) for 4 h.

2.4. Characterization of the photocatalyst

The chemical composition of the synthesized samples
was identified by X-ray fluorescence analysis (XRF) on
an S4 Explorer Bruker X-ray fluorescence spectrometer.
An X-ray diffractometer (D8-Advance, Bruker AXS,
Cu K, A = 0.154 nm) was utilized to determine the
crystalline structure of the synthesized samples. The
infrared spectra of the photocatalysts were recorded using
a Perkin Elmer Spectrum RXI FT-IR in the range of 400
to 4000 cm™'. The samples were mixed with KBr powder
and compressed into a pellet for analysis. Scanning
electron microscopy (SEM) (JEOL, JSM 6490 LV) with
an electron acceleration voltage of 20 kV was employed
to determine the morphology of the synthesized samples.

2.5. Photocatalytic activity tests

Photocatalytic experiments were performed in a batch
reactor equipped with a high-pressure Hg lamp (250 W)
and a magnetic stirrer placed in the wooden chamber.
Based on preliminary experiments for the degradation
of methyl orange, in each experiment, 0.1 g of the
photocatalyst was added into 20 ml of 10 ppm methyl
orange aqueous solution. In the next step, the sample
was exposed to visible light for 50 min under constant
stirring. After the reaction ended, the suspension was
centrifuged and filtered through a membrane filter to
remove the photocatalyst particles. The remaining
concentration of methyl orange was also analyzed by
measuring the maximum absorbance at 465 nm using
a UV-vis spectrophotometer (UV-1800, Shimadzu,
Japan). All results are expressed as averaged values
of duplicate tests. The methyl orange degradation
percentage (X) was calculated using the Eq. (1).

X (%) = [(C, = C)/C,] x 100 (1

where C, and C, represent the initial concentration of
the methyl orange solution and the concentration of
methyl orange analyzed at the end of the reaction,
respectively. To investigate the effected parameters on
photodegradation of methyl orange, some experiments
were carried out in triplicate to exclude exceptions in the
measurements that could lead to wrong conclusions. The
average deviation of the removal percentage of methyl
orange for all performed experiments was about 1.15%.

3. Results and Discussion
3.1. XRF and XRD analyses

The chemical compositions and XRD pattern of
clinoptilolite zeolite from the Semnan area in the range of
20 =5°to 80° are depicted in Fig. 1. The photocatalytic
activity of zeolite depends on its structural properties
and chemical composition. The main components
of natural zeolites are Si and Al oxides. The molar
ratio of Si to Al in zeolite is based on the XRF data
of 5.6, indicating that it is classified as zeolite A [3].
Clinoptilolite zeolite has several characteristic peaks at
20 =9.63",22.40°, 26.71°, 30.19°, and 32.74° assigned
to biotite (K(Mg, Fe),AlSi,0,,(F, OH),), clinoptilolite
((Na, K, Ca),,Al(Al, Si1),Si1,0,, 12(H,0)), quartz
(Si0,), feldspar (KAISi;O4-NaAlSi;O,-CaAl,Si Oy),
and dolomite (CaMg(CO,),), respectively, which can
be indexed for clinoptilolite XRD file with JCPDS No.
38-0237 and 38-1389 [4-6].

— Element  wt%
T biotite o S 0627
clinoptilolite m| M& 1.923
Zr 0.009
quartz a Pb 0.031
feldspar ¢ Se 0.051
dolomite + a 0.108
B
[ ]
<
£
w
&
e
=
=
5 15 25 35 45 55 65 75

2Theta (degree)

Fig. 1. The XRF result and the XRD pattern of clinoptilolite zeolite
from the Semnan region of Iran.
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Fig. 2 illustrates the chemical composition results
and X-ray diffraction patterns for the synthesized TiO,.
In Fig. 2, strong diffraction peaks around 25°, 38°,
48°, 62.5°, and 75.1° are attributed to the TiO, in the
anatase phase, which matches well with the PDF table
(01-084-1285), (JCPDS No. 21-1272). Also, the XRD
patterns exhibited weak diffraction peaks at 37° and
55°, indicating a TiO, in the rutile phase, which matches
well with the PDF table (01-088-1175), (JCPDS No.
65-0190). Based on this figure, the synthesized TiO,
was mainly composed of the anatase phase. It was
previously reported that, from among the crystalline
forms of TiO2, anatase is the most photocatalytic phase
in comparison with other phases [7].

Based on our preliminary experiments, combining
zeolite with TiO,
photocatalytic activity, and an appropriate zeolite

induced the enhancement of

content in the TiO,/zeolite composite was obtained at
about 10% by weight. In this study, we investigated
the influence of effective parameters on the synthesis
of the TiO,:Mg?*/zeolite composite in order to improve
photocatalytic efficiency. The X-ray diffraction patterns
of the TiO,:Mg*/zeolite composite synthesized with
different amounts of magnesium nitrate are illustrated
in Fig. 3. As can be seen, diffraction peaks appearing
around 260 = 25.4°, 38.1°, 48.1°, 62.5°, and 75.1° can
be assigned to the anatase phase, and diffraction peaks
at 20 = 56.6° and 69.9° correspond to the characteristic
peaks of rutile. According to the diffraction patterns,
by increasing the amount of magnesium nitrate to an

Element wt %
A Si 0.112
J Ti 99 888

A Anatase [ Rutile

a A m

Intensity (cps)

15 25 35 45 55 65 75
2Theta (degree)
Fig. 2. (a) Architecture and (b) computational flowchart of
ANN-MPSO implementation structure and inthe predicton of CNTs
length as a function of FC-CVD practical parameters.

appropriate amount (4.711 wt% of Mg), the intensities
of the rutile phase diffraction peaks decreased. Also,
the addition of Mg and zeolite slightly shifted the peak
positions towards a higher diffraction angle. Based on
patterns, anatase was determined to be the dominant
phase, which is useful due to its suitable performance
in the separation of electron-hole pairs and the higher
photocatalytic activity. Based on Fig. 3, after adding
the appropriate amount of Mg, the amount of the rutile
phase increased. As reported in [23], the XRD pattern
of the MgO has two main diffraction peaks around
43.5% and 63° (JCPDF card No. 79-0612). While, Ferri
et al. [9] reported that three broad diffraction peaks of
MgTiO; at a calcination temperature of 450 °C appeared
in 260 = 33°, 43°, and 62.5°. Based on Fig. 3, it seems
that due to the overlap of the diffraction peaks of MgO
and TiO, peaks around 2° = 63°, no particular phases of
MgO in the XRD spectra of TiO,:Mg*'/zeolite samples
(especially TiO,:Mg**/zeolite with 14.342 wt% of Mg)
were observed at 450 °C of calcination temperature. For
MgTiO,, no peaks were observed at 20 =33 or 43°, but
it seems that the overlapping accrued at around 26 = 63°.

Fig. 4 depicts the XRD patterns of the TiO,:Mg?**/
zeolite photocatalyst at various calcination temperatures.

Anatase A
Rutile =

14.342wt% of Mg

Intensity (a.u.)

4.711wt% of Mg

2.827wt% of Mg
20 40 60 8
2Theta (degree)

0

Fig. 3. The XRD spectra of TiO,:Mg*"/zeolite composites
synthesized with different amounts of Mg.



A. Mozayyeni et al. / Journal of Particle Science and Technology 6 (2020) 1-12 5

A A Anatase
m Rutile
A MgTiO;

.A

T= 600 °C
-~
=
&
>
=
w
g
< T=450 °C
L]

' T=300 °C

T

20 40 60 80
2Theta (degree)

Fig. 4. The XRD spectrum of the TiO,:Mg**/zeolite composites
synthesized at various calcination temperatures.

According to the diffraction patterns, anatase and
rutile peaks were observed in the synthesized sample
calcined at 300 °C. However, when the temperature was
increased to 450 °C the intensities of some diffraction
peaks of the rutile phase (260 = 37° and 56°) decreased
or disappeared. J. Krysa et al. [7] reported that at a
calcination temperature lower than 600 °C, the anatase
phase is the main phase of the synthesized TiO,, and
in some cases, pure anatase is formed. Moreover, the
intensities of the characteristic peaks of the anatase
phase decreased at a calcination temperature of 450°C,
suggesting that inserting Mg and zeolite into the
structure of TiO, slightly decreased the crystallinity of
the sample [10-11]. At a higher calcination temperature,
i.e., 600 °C, the characteristic peaks of the rutile phase
(260 = 26.4°, 37°, and 56°) were observed to be more
intense. Jansson et al. also reported an increase in the
rutile phase as the calcination temperatures increased
above 500 °C [25]. J. Krysa et al. [7] reported that at a
calcination temperature of 900 °C, a pure rutile phase
was formed in the synthesized TiO,. The formation of
a rutile phase can reduce the photocatalytic activity
of this sample. Fig. 4 also shows that for the sample
synthesized at a calcination temperature of 600 °C, the
diffraction peak appearing at around 26 = 33° can be

assigned to the formation of MgTiO,. This diffraction
peak is in agreement with JCPDS No. 06-0494 and with
those previously reported in the literature [9].

The average crystallite size of the TiO,:Mg?*'/zeolite
sample with the highest photocatalytic performance
(T =450 °C and 4.711 wt% of Mg) was calculated as
53.33 nm using the Scherrer equation D = 0.91/(Scosb),
where D is the crystal size of the sample, 4 is the X-ray
wavelength (0.154 nm), g is the full width at half
maximum, and @ is the diffraction angle. The results
of the XRF analysis of this sample are shown in Table
1. Based on Table 1, the contents of Mg, Si, and Al
in the TiO,:Mg*"/zeolite sample are 4.711, 7.273, and
1.296%, respectively.

3.2. FT-IR spectrum analysis

Fig. 5 illustrates the FT-IR spectra of the TiO,:Mg?*'/
zeolite photocatalyst synthesized with different
amounts of magnesium nitrate. As shown in Fig. 5, an
absorption band is observed at around 991 cm™. This
absorption band may have originated from the Ti—O
stretching vibration [26]. Furthermore, the spectrum
around 991 cm™' can be attributed to the internal
asymmetric stretching vibration of Si—O—Si or Si-O—Al
in the zeolite structure [27]. The intensity of this peak
changed when the amount of Mg was increased, which
is attributed to the substitution of Mg with titanium or
silicon. The peaks around 1250 cm™' can be attributed to
the unsymmetrical internal stretching vibration of C—O
[28]. The peak around 1400 cm™ indicates the stretching
vibrations of Ti—O-Ti [18]. For this case, it seems that

Table 1. The results of the XRF analysis of the TiO,:Mg**/zeolite
sample synthesized at T =450 °C and 4.711% of Mg.

Elements

Weight percentage (%)

S 0.155
Mg 4.711
Cl 0.058
Fe 0.198
K 0.240
Ca 0.897
Al 1.296
Si 7.273
Ti 85.112
moisture 0.060
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14.342wt% of Mg

4.711wt% of Mg

Transmittance
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Fig. 5. The FT-IR spectra of the catalyst TiO,:Mg*/zeolite
synthesized with different amounts of Mg.

the Mg was substituted by titanium in the sample with
4.711 wt% of Mg. The peak at approximately 3700 cm!
is attributed to the hydroxyl group that is present in the
adsorbed water of these materials [29].

Fig. 6 shows the FT-IR spectra of the TiO,:Mg?**/
zeolite composite synthesized at various calcination
temperatures. The observed peak in the 509 cm™ region
is related to the Ti—O—Ti vibration [23]. The absorption
peak at 1047 cm™ corresponds to Si(Al)-O vibrations
in natural zeolite. The expansive peak in the range
of 3150-3700 cm™ is assigned to the hydroxyl group,
which is present in the water of the zeolite structure and
disappears at high temperatures [19].

3.3. FE-SEM analysis

Figs. 7-9 demonstrate the FE-SEM images of the
samples. According to Fig. 7(a), the morphology of
clinoptilolite zeolite is composed of a large-particle-
size distribution with irregular shapes and a folded and
rough surface. As shown in Fig. 7(b), spherical TiO,
with a uniform shape was synthesized, suggesting
that the surface of the synthesized TiO, was relatively
smooth.

Fig. 8 presents the FE-SEM image of the samples
synthesized at different amounts of Mg. As seen in Fig.
8, no clear variation of particle shapes was observed,
but the size and size distribution of particles were a little
changed. Also, no considerable change in the porosity

T =300°C

(0]

2

s

E T =450°C

g

v

g 1 1047cm!
—

5 1250cm!

T=600°C \f

2800

4000 3600 3200 2400 2000 1600 1200 800 400

Wavenumbers (cm™")

Fig. 6. The FT-IR spectra of the catalyst TiO,:Mg>/zeolite
synthesized at various calcination temperatures.

can be observed.

Fig. 9 illustrates the FE-SEM image of the samples
synthesized at various calcination temperatures. As
seen from Fig. 9, the calcination temperature has a
visual effect on the particle size. It As can be seen, a
higher temperature would be suitable for larger particle
sizes of the composite.

Fig. 7. EFE-SEM micrographs of (A) clinoptiolite zeolite and (B)
titanium dioxide.
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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

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.

Photocatalyst 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
100
:\; 90 -
Py
o0
8
=
D
S 801
=¥
®
>
=]
=
3
& 70 -
60 r r r r r r
1 3 5 7 9 11 13 15
Amount of Mg (wt%)

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

100

90

80 1

70 1

60 -

50

Removal percentage (%)

40

30
250

350 400 450 500 550 600 650

Calcination temperature (°C)

300

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

120

100 4

80 -

60

40

Removal percentage (%)

20 4

0 r T r r T T T
0 10 20 30 40 50 60 70 80

Irradiation time (min)

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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