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INTRODUCTION*
Increased quantities of organic pollutants
resulting from the rapid industrial development
have promoted many scientists to seriously search
for an effective and economical ways to eradicate
these materials which have a large gravity on
living organisms in general, and on human health
in particular. For this objective, different methods
were used to deal with the pollution, including the
use of ultraviolet light by exposing contaminated
water to these rays in the presence of certain
catalysts which led to the disintegration of
*
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Employment of natural clays and their composites, in the catalytic
reactions for the disposal of organic pollutants such as dyes, is one of
the most fundamental objectives for many researches. In this
intention, the present work focused on using the natural Syrian
bentonite loaded with different quantity of zinc oxide, as catalysts,
for the photodegradation of methyl red. This work has also
highlighted the relationship between the structural and textural
changes, induced by alteration the amounts of zinc oxide, and the
photocatalytic degradation rate for this dye. Impregnation method
was used to prepare the composite materials (ZnO- bentonite)
according to the weight ratios ZnO/ Bentonite = 0, 0.2, 0.4, 0.6, 0.8,
and 1. The prepared samples were characterized using X-ray powder
diffraction (XRD), Fourier transform infrared (FT-IR), Differential
Thermal Analysis (DTA), nitrogen adsorption apparatus, and
UV-Vis spectrophotometer. The experimental results showed that
the amount of zinc oxide have influenced the textural and structural
characteristics of the bentonite. The results indicated that small
amounts of zinc oxide (weight ratios less than 0.4) enhanced the
photo degradation of methyl red from 10% to about 55% while the
increase in weight ratios (more than 0.4) has a negative effect.
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pollutants to harmless compounds, or to water and
carbon dioxide.1-5 Transition metal oxides such as
TiO2, ZnO, ZrO2, SnO2, MnO2, etc. played an
important role in this area through the good
photocatalysis efficiency, high chemical stability,
and low solubility in aqueous solutions. The
catalytic activity of these oxides was reinforced
when they were supported on a suitable material
such as natural clays which have a high specific
surface area as well as they are largely available
and low cost. So the use of natural clays, loaded
with transition metal oxides, for the catalytic
reactions has drawn the attention of many
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researchers.6-10 Zinc oxide is one of the most used
materials; it is a wide band gap (3.37 eV)
semiconductor, abundant, not hazardous, and not
costly.11, 12
Several researches were carried out on the
ZnO/clay composites (e.g. ZnO/montmrillonite),
with a view to be used in photocatalytic process
such as the degradation of hazardous organic
Very few reports, to our
pollutants.13-20
knowledge, have touched on using this type of
materials in the photocatalytic degradation of
methyl red, which belongs to the dyes group, that
have significant damage to the environment and
human health. Thus in this work we tried to
explore the photocatalytic degradation of methyl
red using ZnO/clay materials and chose for this
purpose the Syrian bentonite loaded with different
quantities of zinc oxide. We also tried in this work
to highlight the effect of the amount of zinc oxide
on the structural and textural properties of the used
bentonite and the relationship between the
occurred changes and the degradation rate of
methyl red.
EXPERIMENTAL
Preparation of materials
The natural bentonite used in this work has been sampled
from Rakka province in the north-east of Syria. This clay is
composed mainly of montmorillonite and palygorskite as well
as a number of other minerals, such as, quartz and dolomite.21
ZnO-bentonite composites were prepared by impregnation
method according to the weight ratios ZnO/ Bentonite = 0, 0.2,
0.4, 0.6, 0.8, and 1 (weight ratio is the proportionality between
the added mass of zinc oxide and a constant mass of
bentonite). The mass of untreated bentonite powder was
suspended, at room temperature with stirring for 6 h, in an
appropriate quantity of zinc acetate solution which was
prepared by adding zinc (II) acetate into a mixed solution of
propanol and distilled water then, stirring the resultant solution
vigorously at 50°C for an hour. The solid phase was kept
24 hours to settle, recovered by centrifugation, washed
repeatedly with ethanol, dried in air at 100°C, ground, and
finally sintered at 300°C for 3 h.
Characterization methods
Structural characterizations of the prepared samples were
carried out by XRD technique using a STOE STADI P
transmission diffractometer, with CuKα (λ=0.154049nm) and
a linear PSD detector, operated at 50kV and 30mA. All
patterns were measured between 5-90 degrees 2θ, with a step
size of 0.02 degree.
The quantitative phase analysis was performed using
WinXpow 32 Software, which is based on the reference
intensity ratio method (RIR) and stored I/Icor values for
identifying phase.22 Absorption bands were also recorded
between 400 and 4000 cm-1 by a Fourier transform infrared

(FT-IR) spectrometer in the transmittance mode (Bruker
IFS66). All spectra were obtained at room temperature, using
KBr discs containing 0.001g of the material to be studied.
Adsorption-desorption isotherms were performed by BET
method23 at liquid nitrogen temperature using an automated
surface area and pore structure analyzer (Quantachrome
NOVA2200). The instrument was calibrated using a standard
reference material of Al2O3. Prior to analysis, 0.15-0.2 g of
samples was degassed at 100°C for at least 4 hours under
vacuum (10-3torr). The pore diameter distribution was
determined using BJH method.24
The DTA measurements of the prepared samples were
performed in air at temperature ranging between 20 and 900°C
using a Shimadzu DT 40 thermal analyzer with heating rate of
10°C / min.
Diffuse reflectance ultraviolet–visible measurement
were performed, at room temperature in the range of 200 to
800 nm, using AvaSpec-2028 fiber optic spectrometer.
The Photocatalytic activity was investigated via
degradation of methyl red in aqueous solution under UV
irradiation with the presence of natural Syrian bentonite or its
composites with ZnO. Inside a 250 ml glass cell, 200 mg of
the concerned material was suspended in 200 ml methyl red
aqueous solution (30 mg/L). The suspension was irradiated, at
room temperature with constant stirring, using a commercial
20W UV lamp as a light source. In each run, the concentration
of the methyl red in the solution was measured five times per
hour, at λmax = 506 nm, using UV-Spectrophometer (UV-3101
PC). The degradation rate was calculated using the
formula: (Degradation rate (%) = [(C0−C)/C0] ×100) ≈
[(A0−A)/A0] ×100)
Where C0 is the initial concentration of methyl red, C the
concentration at time t, A0 is the initial absorbance and A is
the absorbance at time t.

RESULTS AND DISCUSSION
X-Ray diffraction
Based on the experimental diffraction patterns
and using the reference intensity ratio method
(RIR) the mineral composition of the natural
bentonite was calculated as the following: 33%
Montmorillonite (PDF ICDD 3-15), 29%
Palygorskite (PDF ICDD 20-688), 18% Quartz
(PDF ICDD 5-490), and 19% Dolomite (PDF
ICDD 73-1687).
Through a comprehensive look at the X-ray
diffraction patterns (Fig. 1), which have been
collected for bentonite samples (natural and loaded
with different amounts of zinc oxide according to
the weight ratios ZnO/Bentonite = 0, 0.2, 0.4, 0.6,
0.8, and 1), one can discern that the addition of
zinc oxide may have led to some changes in the
structure of the montmorillonite as evidenced by
the shift towards low angles of diffraction lines
related to this clay mineral. The palygorskite and
other components of the bentonite remain
unchanged.
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Fig. 1 – X-Ray diffraction patterns of raw bentonite (a)
and samples contain different weight ratio ZnO/bentonite of 0.2 (b) 0.4 (c) 0.6 (d) 0.8 (e) and 1(f).

The montmorillonite mineral becomes less
crystalline in the presence of high concentrations
of zinc oxide which could be interpreted as a result
of an incomplete formation of pillared structure.
The unused parts of zinc oxide were dispersed on
the surface of the clay where an emergence of
diffraction lines related to this oxide was observed
in the XRD pattern. These results are in good
agreement with those obtained in other research
works.16 Based on the diffraction lines related to
ZnO, which is getting intense by increasing the
weight ratio, the particle size has been calculated
using Scherre equation. It was found that this size
has changed from 31.5 nm (for sample with weight
ratio = 0.4) to 24.7 nm (for sample with weight
ratio = 1).
Fourier transform infrared (FT-IR)
For supporting the results obtained by XRD,
Fourier Transform Infrared spectroscopy FT-IR
was used. The recorded spectra (Fig. 2) revealed
that the FT-IR spectrum of the pristine bentonite
consists of various bands as following: 474cm-1
(Si-O-Al), 523cm-1 (Si-O-Mg(Fe)), 647cm-1
(twisting vibration of Al-OH, Si-O and stretching
vibration of Al-O), 924 cm-1 (Al-Al-OH

deformations), 1000cm-1 (Si-O-Si), 1040 cm-1 (SiO), 1660 cm-1 (absorbed water), 3440 cm-1
(vibration of OH in Al-Mg-OH, Fe-Mg-OH, and
Fe-Fe-OH group), 3560 cm-1 (corresponds to
vibrations of water blocked in palygorskite
channels), 3600 cm-1 (corresponds to OH
stretching vibrations in M-OH group (where M is
Al+3 or other trivalent cations) 3630 cm-1 (Si-OHAl).25-28
When the weight ratio increases, a change in
intensities and positions of the bands related to
montmorillonite occurs in synchronization with the
emergence of new bands located at 1440, 1470,
1570
cm-1. Growth of these bands could be
attributed to the formation of low concentrations of
unidentified compounds formed between zinc
oxide and one of the components composing the
natural bentonite without being detected by XRD.
The lessening of band intensity at 474 and 523 cm-1
could be attributed to the destruction of Si-O-Al,
Si-O-Mg (Fe) bands, liberation of Mg, Al, Fe ions
from octahedral positions in montmorillonite
structure and formation of SiO2.29 The bands of
free ZnO were not seen in FT-IR spectra because
of overlapping with bands due to Si-O-Si related to
bentonite appeared at 523 and 474 cm-1.
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Fig. 2 – FTIR spectra of raw bentonite (a)
and samples contain different weight ratio ZnO/bentonite of 0.2 (b) 0.4 (c) 0.6(d) 0.8 (e) and 1 (f).

Differential Thermal Analysis (DTA)
The extrapolation of the experimental DTA
curves for the studied samples (Fig. 3) disclosed that
the endothermic lines between 30 and 145°C are
related to the dehydration process. The endothermic
line at 240°C of the DTA curves could be related to
the removal of interlayer water. The exothermic line
at 410°C is related to the decomposition of organic
maters incorporated in the clay and/or to the phase
transition of the quartz included in the samples. The

mentioned line gradually becomes smaller and
broader with increasing the weight ratio. Moreover it
moves toward the lower temperatures. This
difference in the decomposition temperature may be
due to the difference in the opening up of the clay
layer which restricts the decomposition of the
complex. The endothermic lines in the temperatures
range 465 – 570°C are related to the dehdroxilation
process.
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Fig. 3 – DTA curves of raw bentonite (a)
and samples contain different weight ratio ZnO/bentonite of 0.2 (b) 0.4 (c) 0.6(d) 0.8 (e) and 1 (f).
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according
to
the
classification
IUPAC,
representative to the mesoporous materials.34 The
hysteresis loop curves resulting from the
measurements of the nitrogen adsorption for all
samples under study were Similar to the H4 type
indicative of the narrow slit-like pores. The poresize distributions, calculated using BJH method
depending on the above mentioned isotherms,
revealed that the pore diameters related to natural
bentonite sample were centred at 4.5 nm. The
incorporation of ZnO causes a broadening and
shifting of the distribution line toward the higher
pore diameter (about 8 nm) which indicate the
enhancement of the mesoporosity of the samples.
Despite the increase in pore size with increasing
the amount of zinc oxide, the surface area of the
studied samples had declined (Table 1), which
refers to the existence of a partial blockage of the
pores.

For the endothermic line at 785°C it could be
attributed to the decomposition of dolomite
impurities.30-33 When the weight ratio exceeds 0.4,
other endothermic lines at 655°C and 837°C start
to show up which could be attributed to the
formation of unidentified phases ensuing from the
reaction between ZnO and the by-products of the
solid minerals destruction process.
Nitrogen adsorption-desorption measurements

Volume Adsorbed mL/g (a.u)

Pore Volume mL/g (a.u)

The nitrogen adsorption-desorption measurements
performed at (-196°C) for all examined samples
(Fig. 4) demonstrated that textural characterizations
of the used samples varied according to the
quantity of added ZnO. The nitrogen adsorptiondesorption isotherm related to the
natural
bentonite Fig.4(1), which displays the relationship
between the amount of adsorbed nitrogen and
relative pressure, follows the type IV which is,
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Fig. 4 – Nitrogen adsorption-desorption isotherms and pore size distributions of raw bentonite (a)
and samples contain different weight ratio ZnO/bentonite of 0.2 (b) 0.4 (c) 0.6(d) 0.8 (e) and 1 (f).
Table 1
Textural properties derived from nitrogen physisorption measurement and band gap values, obtained from
DRUV-vis measurements, for ZnO/bentonite samples
Weight ratio ZnO/Raw
bentonite

specific BET
surface area (m2 g-1 )

Total pore
volume
(cm3 g-1)

Avarage pore
radius
(nm)

Band gap energy
(eV)

0
0.2
0.4
0.6
0.8
1

40.8
40.6
40.0
38.6
37.9
38.0

0.075
0.085
0.083
0.082
0.072
0.071

3.55
4.00
4.06
4.15
4.16
4.34

3.50
3.06
3.02
3.12
3.15
3.20
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Fig. 5 – Photocatalytic degradation rate of raw bentonite (a)
and samples contain different weight ratio ZnO/bentonite of 0.2 (b) 0.4 (c) 0.6(d) 0.8 (e) and 1 (f).
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CONCLUSIONS

The experimental curves representing the
degradation rate of methyl red solution versus UV
irradiation time with the presence of natural
bentonite or those loaded with different amounts of
ZnO (Fig. 5) have pointed out a remarkable
increase in the degradation rate of methyl red from
about 10%, when the natural bentonite was used, to
about 50 and 55% in the case of samples
containing weight ratios 0.2 and 0.4 respectively.
After that, the degradation rate of methyl red
decreases gradually with the amount of zinc oxide
for up to 15% in the case of the samples containing
a weight ratio equal to 1. These changes in
catalytic activity could be attributed to several
factors: First, and most important, the alteration of
the band gap (see Table 1). The second is the
difference in the surface area and pore diameter of
the studied samples. Moreover, non crystalline
materials, may be formed due to the interaction
between zinc oxide and some of bentonite
components (montmorillonite, palygorskite, quartz
and dolomite), this could have a role in preventing
the photocatalytic activity of the samples
containing high weight ratios. It seems that the
zinc oxide, non-intercalated inside the bentonite
structure, does not have an effective role in the
promotion of the photocatalytic activity even if it
has a nanoscale structure.

Within the idea of using the clay minerals and
their composites in order to obtain catalysts for the
treatment of organic contaminants such as dyes in
the aqueous solutions; the Syrian bentonite loaded
with zinc oxide has shown an acceptable efficiency
for the photocatalytic degradation of methyl red.
The results revealed an influence of the ZnO
quantity on the textural features of the used
bentonite which in turn affected the degradation
rate of the aqueous solutions of methyl red under
UV irradiation. An increase in the degradation rate
occurred from about 10%, in case the use of
natural bentonite, to about 55% in the case of
samples containing weight ratios ZnO/ bentonite
up to 0.4. The degradation rate decrease to less
than 15% when the weight ratio is greater than 0.4.
Alteration of the zinc oxide quantity, with
impact observed on the textural features of the
Syrian bentonite and thus the degradation rate of
methyl red, may have also provoked a change in
the electronic properties of this clay such as the
band gap which is a key parameter in the catalytic
activity of the materials. This is what will be
investigated in our future work.
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