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ABSTRACT

The present study is concerned with the photocatalytic degradation process to eliminate the organic
pollutants. Sodium alginate (SA) was used as a polymeric substrate and prepared as beads form to
increase the surface area and enhance the efficiency of the photocatalytic process. SA beads were
doped with TiO, with or without different nanomaterials such as ZnO, SiO,, and carbon nanotubes
(CNTs). Mixing of TiO, with these nanomaterials was achieved to extend the wavelength range to
the visible wavelength region. Methyl orange (MO) was used as an example of organic pollutants in
the photocatalytic process using the batch photo-reactor. The photocatalytic process was executed by
using ultraviolet or sunlight beams. The characterizations of the different types of prepared beads
were examined using Fourier-transform infrared spectroscopy, X-ray diffraction, scanning elec-
tron microscopy, and thermos-gravimetric analysis. Also, the effect of different parameters on the
photocatalytic efficiency of the prepared nanomaterials was studied. The results showed that SA
beads doped with TiO, were able to degrade 97.9% under ultraviolet light, while in case of using
SA beads doped with mixture of TiO, and SiO, were able to degrade 73.5% under sunlight after 5 h.
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1. Introduction

Environmental pollution has far reaching negative con-
sequences in the lives of humans. Degradation of organic
pollutants, which have a deleterious effect on the well-be-
ing of mankind, has become a significant topic of research.
The textile industry consumes considerable amounts of
water during the dyeing and finishing operations [1]. The
commonly used water treatment processes of industrial
effluents, include chemical precipitation, lime coagulation,
ion exchange, reverse osmosis, solvent extraction, and oxida-
tion processes [2].

Chemical oxidation treatments are usually effective
toward the destruction of chromophoric structures of dyes.

* Corresponding author.

There are types of oxidation processes based on ozone,
H,O, and advances oxidation process with photocataly-
sis. Problems with using ozone include its instability and
its hazardous nature due to strong and non-selective oxi-
dizing power. In this way the water coloration is removed,
but often a complete mineralization is not achieved, chlo-
rination, and ozonization cause decolonization by means
of chemical reactions. The by-products of chlorination
are chlorinated organics that may be more toxic than the
dye itself. Heterogeneous photocatalysis is considered the
most important technique in advanced oxidation processes
(AOPs), which can be successfully used to oxidize many
organic pollutants present in aqueous systems [3].
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The key advantage of the photocatalytic process is its
inherent destructive nature, it does not involve mass transfer,
it can be carried out under ambient conditions (atmospheric
oxygen is sufficient as oxidant) and may lead to complete
mineralization of organic carbon into CO, [4].

Photocatalytic degradation involves the use of certain
semiconductors as catalysts for the production of the radi-
cals. The use of titanium dioxide (TiO,) as a catalyst for the
photo-oxidation of organic compounds has received much
interest because TiO, is plentiful, inexpensive, powerful, and
environmentally friendly [3].

The process of semiconductor photocatalysis involves
the following stages as shown in Fig. 1.

Light energy of a certain wavelength is made to fall onto
a semiconductor. If the energy of the incident light is equiv-
alent to the band gap energy of the semiconductor, electrons
would be excited from the valence band to the conduction
band of the semiconductor and holes would be left in the
valence band. These electrons and holes could undergo sub-
sequent oxidation and reduction reactions with any species,
which might be adsorbed on the surface of the semiconduc-
tor to give the necessary products [5].

Sodium alginate (SA) is a polysaccharide extracted
from brown algae, polymerize through 1,4-glycosidic bond
from b-D-mannuronic acid (M unit) and a-Lguluronic acid
(G unit). It is a non-toxic and naturally biodegradable green
material which used as carrier for nanomaterials. The pres-
ence of sodium alginate as a biopolymer increases adhesion
of nanoparticles. The use of alginate as a carrier material
for nano-particles has enlightened the possibility of having
a selective adsorption of organic molecules, depending on
their electrical charge, due to interaction with the negative
carboxylate groups on alginate [6,7].

Many efforts have been made to achieve the utilization
of visible light for TiO, material, such as transitional metal
ion (ZnO, Si0,), non-metal element doping such as carbon
nanotube (CNT). Nonmetal element doping narrows the
band gap of TiO, by supplying a new hybrid energy band
whose energy level is a little higher than that of the valence
band of TiO, [8].

The aim of the present work is the treatment of the
organic pollutant by preparation of sodium alginate beads
doped with TiO, and different types of nanomaterials. The
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Fig. 1. Photocatalytic process.

Products

performance of prepared polymeric beads in water treat-
ment of organic pollutant using photocatalysis process was
evaluated.

2. Experimental
2.1. Materials and chemicals

Sodium alginate (SA) was used as a polymeric substrate;
it was supplied from BDH laboratory supplies, England.
Glutaraldehyde (solution 50%) was used as a crosslinker,
it was purchased from El Nasar Pharmaceutical Chemical
Co. (ADWIC), Cairo, Egypt. Different nanomaterials that
were used: titanium dioxide (TiO,), P-25 anatase nano-pow-
der, <25 nm particle size, zinc oxide (ZnO): nano-powder
<100 nm particle size, silica (SiO,): silica nano-particles, mes-
oporous, 200 nm particle size, pore size, carbon nanotube
(CNT): O-D (10-15 nm), I-D (2-6 nm), assay >90% were
supplied from Sigma Aldrich, Germany. Methyl orange
that used as an example of organic matter was purchased
from May & Baker Ltd., Dagenham, England. Other chem-
icals such as solvents and inorganic salts were of analytical
reagent grade and used without further purification.

2.2. Apparatus and methods
2.2.1. Preparation of beads

Sodium alginate (SA) was dissolved by stirring in
deionized water. The nano-particles (TiO, ZnO, SiO,,
and CNT) were dispersed in water through sonication for
1 h; this dispersion was mixed with the polymer solution.
After mixing and forming of doped polymer solution with
nanomaterials, the solution was poured as a drope-wise to
form beads on a conical flask which containing crosslink-
ing solution that contained glutaraldhyde in 75 acetone:25
water mixture. The obtained beads were left to harden
in this solution for 24 h and then subsequently rinsed
with tap water many times until pH reached to 7, then
it was washed and stored in distilled water until used or
characterized.

2.2.2. Photocatalytic experiments

Batch photoreactor consists of double jackets that
were made of Pyrex. The inner tube has inside diameter of
5 and 35 cm long. The outer tube has the inside diameter of
10 and 30 cm long, as shown in Fig. 2.

A UV-C lamp with 15 W from low pressure mercury
type lamp was installed in the center of the reactor, the
outer tube was wrapped with protecting black foils for
collecting all radiations of UV lamp inside the target com-
ponent of methyl orange solution, air was purged in the
solution using an air pump to make a good dispersion and
a continuous motion of the used beads during the experi-
ment. The experimental procedure was started after 30 min
contact time in dark between the prepared methyl orange
solution and the used beads that were charged into the reac-
tor and obtaining a good distribution. After that, the UV
lamp was turned on to initiate the photocatalytic process.

The sampling of the tested solution was made using
a 10 mL volume syringe every 30 min. The concentration
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Fig. 2. Batch photoreactor.

change of methyl orange (MO) was determined by the UV-Vis
spectrophotometer. The degradation rate of MO solution
was calculated by the following formula:

— A —
D:CU CxlOO%: L
C A

0 0

x100% 1)

where D is degradation rate, C, A, and C, A are the
concentration and absorbance of the MO solution at the
absorption peak, 464 NM in adsorption equilibrium
before and after UV irradiation, respectively.

2.3. Characterization of polymeric beads
2.3.1. Swelling, conversion, and gelation (%) measurements

The swelling, conversion, and gelation (%) for beads
were measured as an indication of insoluble SA % in water.
Dry beads of known weights were immersed in distilled
water at 25°C until equilibrium has been reached. The beads
were removed, plotted by absorbent paper and quickly
weighed. The swelling percent was calculated as follows:

W -W
Swelling (%) = (WW“Y) %100 )

dry

where W, and W, represent the weights of the dry and
wet beads, respectively.

The percentage of both conversion and gelation of the
prepared beads were calculated as follows:

W,
Conversion(%) = —"x100 ®)
W,

0

4%
Gelation(%) = % %100 4)

0

where W, is the dry weight of the synthesized beads,
W,,, and W, are the dry weight of the resultant beads
after impregnation in water at room temperature and

at 50°C, respectively. W__ is the weight of wet beads.

2.3.2. Fourier-transform infrared spectroscopy spectroscopy

Analysis by infra-red spectrophotometer was carried
out by using Broker Vertex 70 Fourier-transform infrared
spectroscopy (FTIR) spectrometer model.

2.3.3. X-ray diffraction

The crystalline structures of the prepared beads were
analyzed by X-ray diffractometry (XRD) (X'Pert PRO,
PANalytical, Netherlands) using Cu Ka radiation in the
angular region of 20 = 4°-70°. The instrument was oper-
ated at 40 KV and the spectra were recorded at scanning
speed of 8°min™.

2.3.4. Thermo-gravimetric analysis

The thermal-gravimetric analysis (TGA) was carried
out by using thermo-gravimetric analyzer TGA-50H atmo-
sphere from nitrogen with a flow rate 20 mL/min and tem-
perature rate holder 10°C/min. TGA of the samples was per-
formed up to a temperature of 600°C, with a starting point
at room temperature.

2.3.5. Scanning electron microscopy

The microscopic imaging of the neat and the doped SA
beads with different nanomaterials was conducted using
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scanning electron microscopy (SEM) FEI, Quanta 250 FEG
(Netherlands) type.

2.3.6. UV/visible spectrophotometer

To determine the suitable wave length for measur-
ing the absorption of the MO decolorination indication
to degradation of total organic matter was using Unicam,
model 300, England.

3. Results and discussion
3.1. Synthesis of sodium alignate beads

The optimum conditions of synthesis and crosslinking
of SA were investigated through studying the effect of dif-
ferent parameters on swelling, conversion, and gelation (%).
Such parameters included the polymer concentration, cross-
linker type, and its concentration as well as the impregnation
time in the crosslinker solution.

3.1.1. Effect of sodium alginate concentration

The effect of SA concentration on the swelling, conver-
sion, and gelation (%) was studied using three different
concentrations (3, 4, and 5 wt.%) of sodium alginate, as
shown in Table 1.

From Table 1, the swelling % increased with the SA
concentration due to the increase of functional groups of

Table 1
Effect of concentration of sodium alginate

SA concentration Swelling Conversion Gelation
(wt.%) (%) (%) (%)

3 58.8 93.3 88.7

4 67.1 95.1 90.9

5 75.6 929 91.5
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Fig. 3. Model structure of cross-linked SA with glutaraldehyde.
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OH to form the hydrogen bonds with the water molecules.
On the other hand and in general, it gave acceptable values
of both conversion and gelation %. These results agree well
with that of the previous work of [9]. The polymer concen-
tration, that was selected as best concentration for forming
beads, was 4 wt.%.

3.1.2. Effect of crosslinker type

In the present study, different types of cross-linkers
such as CaCl,, BaCl, phosphoric acid, and glutaraldehyde
were tested. The glutaraldehyde was selected as the best
cross-linker. It gave polymeric beads with best mechani-
cal stability. The model structure of prepared cross-linked
SA by glutaraldehyde showed that there are two hydroxyl
group (OH) of sodium alginate (SA) polymer react with the
aldehyde group (CHO) of GA to form cross-links between
the sodium alginate chains [10,12], as shown in Fig. 3.

3.1.3. Effect of crosslinker concentration

Different concentrations of glutaraldehyde ranged from
1.5 to 3 vol.% were used to investigate the optimum glutar-
aldehyde concentration, as shown in Table 2. As is obvious,
the increase in cross-linker concentration lead to an increase
in the conversation and the gelation % with decreasing of
swelling %, because it decreases the number of the free func-
tional groups of SA. The glutaraldehyde with 2 vol.% was
selected as the optimum concentration due to it gave the
highest swelling % with good conversion and gelation %.

3.1.4. Effect of impregnation time during the crosslinking
process

Different impregnation times were tested to investi-
gate the best time for the crosslinking of SA beads. The best
time was 18 h, due to the high conversion and gelation %
with good swelling %, as shown in Table 3.
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Table 2
Effect of cross-linker concentration

Table 4
Effect of concentration of TiO, nanoparticles

Cross-linker concentration Swelling Conversion Gelation

Concentration of TiO, Swelling Conversion Gelation

(vol.%) (%) (%) (%) nanoparticles/SA (W/W) (%) (%) (%)
1.5 70.7 94.4 90.1 0.005 76.3 94.0 93.0
2.0 67.1 95.1 90.9 0.01 734 93.6 92.9
25 65.6 96.3 93.0 0.02 70.5 93.3 91.9
3.0 60.9 97.7 95.2 0.04 65.0 93.0 91.7

0.08 61.8 91.0 90.5

Table 3
Table 5

Effect of impregnation time in the cross-linker

Impregnation Swelling Conversion Gelation
time (h) (%) (%) (%)
12 70.3 93.8 89.1
18 67.1 95.1 90.9
24 64.1 95.1 90.9

3.2. Synthesis of SA/TiO, nanocomposite beads

Modification of SA beads by TiO, nanoparticles was
carried out to use the modified beads in water treatment
via photodegradation process. The effect of TiO, concen-
tration onto swelling, conversion, and gelation % was
studied, as shown in Table 4.

It is evident from Table 4 that the increase of TiO,
concentration lead to a decrease of swelling % and a
decrease of both conversion and gelation %. TiO, with con-
centration of 4 wt.% was selected. In the subsequent exper-
iments as it gave moderate conversion and gelation % with
an acceptable swelling %.

3.3. Synthesis of SA doped with mixture of TiO, and different
nanomaterials

Modification of SA beads by mixing of TiO, with differ-
ent nanomaterials was achieved. The effect of nanomaterial
type included ZnO, SiO,, CNT, and its concentration related
to TiO, onto swelling, conversion, and gelation % was stud-
ied as shown in Tables 5-7, respectively.

The obtained results showed that the increase in both
ZnO and SiO, nanoparticles content lead to increase the
swelling % and the vice versa with CNT. This due to the
nature of metal oxide nanoparticles of both ZnO and SiO,
that may form hydrogen bonds between the oxygen atoms
of nanoparticles with hydrogen atom of water. On the other
hand, the hydrophobicity of CNT leads to decrease the swell-
ing % of prepared beads.

3.4. Characterization of the different polymeric beads
3.4.1. FTIR spectroscopy

The FTIR spectra of neat SA beads and modified with
different concentration of TiO, with or without different
nanomaterials were evaluated as shown in Fig. 4.

Effect of concentration of TiO, with ZnO nanoparticles

Ratio (TiO,:ZnO) Swelling Conversion Gelation
nanoparticles (0.04 wt.%) (%) (%) (%)
(100:0) 65.0 93.0 91.7
(75:25) 85.8 97.2 95.5
(50:50) 89.9 95.8 94.2
(25:75) 97.9 97.1 93.1
(0:100) 111.0 96.7 95.9

Table 6

Effect of concentration of TiO, with SiO, nanoparticles
Ratio (TiO,Si0,) Swelling Conversion Gelation
nanoparticles (0.04 wt.%) (%) (%) (%)
(100:0) 65.0 93.0 91.7
(75:25) 89.4 96.2 93.2
(50:50) 92.0 96.5 91.5
(25:75) 111.6 95.6 92.0
(0:100) 131.1 96.4 97.1

Table 7

Effect of concentration of TiO, with 5iO, nanoparticles

Ratio (TiO,:CNT) Swelling Conversion Gelation
nanoparticles (0.04 wt.%) (%) (%) (%)
(100:0) 65.0 93.0 91.7
(75:25) 70.6 91.0 88.6
(50:50) 68.6 93.1 90.5
(25:75) 66.7 95.8 91.6
(0:100) 60.4 91.2 87.8

The obtained results were in agreement with the pre-
vious work [10]. It was found that two main characteris-
tic peaks were observed for neat SA beads at 1,729 and
3,367 cm™ which corresponded to C=O and O-H groups,
respectively, Fig. 4a. On the other hand, the FTIR spec-
tra of modified SA beads modified with TiO, shown in
Fig. 4b. It is obvious that there is TiO, characterized band
at 704.47 cm™ and other stretching vibration of Ti-O-Ti
peak at 1,409 cm™, these results were in agreement with
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the previous work [11]. While, for SA beads doped with
mixture of TiO, and different nanomaterial, as shown in
Figs. 4c—e. There were strong peaks appearing at 1,128.44
and 759.48 cm™ corresponding with Si-O-Si bond, Fig. 4c.
While with ZnO metal oxide, Fig. 4d, a peak appeared at
609.22 cm™. In case of CNT, Fig. 4e, there is no significant
peak was observed. These results were in agreement with
previous works [12-14].

3.4.2. XRD patterns

SA is usually semi-crystalline due to strong interaction
between the alginate chains through intermolecular hydro-
gen bonding [15]. Fig. 5a shows four peaks for the sodium
alginate cross-linked beads that can be seen at 20 = 14°, 23°,
25°, and 44° indicating SA crystallinity. On the other hand,
The XRD pattern of modified SA beads modified with TiO,
are shown in Figs. 5b—d. It is obvious that the increasing
the number of peaks with increasing the amount of TiO, in
composites and the intensity of TiO, characteristic peaks
for anatase which are used at 20 = 25.4°, 48° increases
with increasing amount of TiO, loaded on sodium alginate
polymer (SA). The smallest peaks of the XRD graph reveal
the crystalline size [11]. The peaks corresponding the ana-
tase TiO, phase appeared at 20 = 25.3°, 37.8°, 48.0°, 54.4°,
and 62.8° [5]. While, for SA beads doped with mixture of
TiO, and different nano-material, as shown in Figs. 5e-g.
There were peaks appearing at 20 = 25°, Fig. 5e [12]. While
with ZnO metal oxide, Fig. 5f, the small peak appeared at
20 = 37° [16]. In case of CNT, Fig. 5g, there were peaks at
26 = 26° [17].
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Fig. 5. XRD for (a) cross-linked alginate, (b) (SA/TiO,),, (¢) (SA/TIO,),,,, (d) (SA/TIO,),, (e) (SA/TIO, + SiO,), (f) (SA/TiIO, + ZnO),

and (g) (SA/TIO, + C).
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3.4.3. SEM analysis

All SA beads images with SEM were exhibited a rela-
tively regular spherical shape. The outer surface was rather
rough and corrugated with many folds and creases, which
would increase contact surface area between organic dyes
and the composite beads, and provide more active sites,
thus improving their adsorption performances, as shown
in Fig. 6a, and this result was in agreement with previous
work of [18]. By doping SA with TiO,, (Figs. 6b—d) reveal
the dispersion of TiO, nanomaterial from low to high con-
centrations. By increasing TiO, concentration, there was an
agglomerated of nanomaterial on the surface. Images of
beads in Figs. 6e—g reveal the SA doped with mixture of TiO,
and different nanomaterials, there rough appearance caused
by the presence nanomaterial, which organize themselves as
aggregates throughout the NaAlg matrix [19].

3.4.4. TGA analysis

Studying of the influence of heating rate in the ther-
mal behavior sodium alginate was performed under both
air and N, atmospheres. Since every synthetic or natural
polymer containing hydrophilic groups usually presents
strong interaction with water, the humidity content may
effectiveness their properties and is an important charac-
teristic to be determined [20]. The thermal stability of SA

beads, as shown in Fig. 7, showed that the initial weight loss
of the polymer may have been caused by the presence of
moisture in the sample (40°C-100°C). In the second region,
the percent weight loss was caused by the loss of CO, from
the polysaccharide backbone of the polymer. As there were
COO- groups in the sodium alginate, it would decarboxylate
in this temperature range (230°C-280°C). In the temperature
range between 460°C and 560°C, the weight loss might have
been caused by the loss of abundant hydroxyl groups on the
polysaccharide in the form of water. Sodium alginate was
not completely degraded in this temperature range. It main-
tained a weight percent of about 30% at 500°C. A residue of
about 3% was retained up to 600°C. These results were in
agreement well with previous work [21].

The thermal stability sodium alginate doped with TiO,
nano-particles is presented in Fig. 7b. It is obvious that it
gave more or less the same thermal degradation behaviour
of sodium alginate as shown in Fig. 7a but with a differ-
ent residue weight loss that reached to 23% at 600°C. This
may be due to the interaction and formation of the hydro-
gen bonds or other coordinate bonds between the TiO,
nanoparticles and polymeric chains [22,23].

The thermal stability of SA beads that modified with
mixture of TiO, and different nano-materials as shown in
Figs. 7c—e. Fig. 7c shows that the thermal stability of SA/
TiO, + SiO, gives 9% weight loss. On the other hand, the
thermal stability of SA/TiO, + ZnO, as is clear in Fig. 7d,

Fig. 6. SEM for (a) cross-linked alginate, (b) (SA/TiO,),,, (c) (SA/TiO,)

and (g) (SA/TIO, + C).
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Fig. 7. TGA for (a) cross-linked alginate, (b) (SA/TiO,),,,
(c) (SA/TIO, + Si0,), (d) (SA/TiO, + ZnO), and (e) (SA/TIO, + C).

shows the same thermal degradation of sodium alginate with
a weight loss of 10% at 600°C. The thermal stability of SA/
TiO, + CNTs presented in Fig. 7e shows the same thermal
degradation of sodium alginate with 7% weight loss at 600°C.
Oxidation temperatures for CNTs vary from material-to-
material, but are quite typical in the range of 400°C-650°C [24].

3.5. Photocatalytic activity

Methyl orange is one of the most important classes of
commercial dyes, it has very short excited-state lifetime, it
is stable to visible and near UV light and provide a useful
probe for photoredox reactions [25], the molecular structure
of MO is shown in Fig. 8.

The degradation of MO was studied to evaluate the per-
formance of different nanocomposite beads types of SA/
TiO, with or without different metal oxide nano-materials
such as; ZnO, SiO,, and CNT. The Photocatalysis exper-
iments were carried out under both UV and solar radia-
tion. All the experiments were done at room temperature
(27°C = 2°C). The operation conditions included pH range
3-12, dye concentrations ranged from 10 up to 50 mg/L
using different concentrations of nanomaterials.

The optimum wavelength for measuring the absorbance
of methyl orange decolorization with time at pH = 3.5 equal
506 nm, but for pH =7 and 10 the optimum wavelength is
464 nm. The photodegradation efficiency was observed by
measuring the absorbance of the solution samples at its
maximum absorption wavelength of 464 nm with UV-Vis
spectroscopy, as shown in Fig. 9.

The decolorization efficiency as a function of time was
calculated by the absorbance of the original and analyti-
cal samples. Seven milliliters of sample were performed at
interval time from 30 min up to 5 h.

3.5.1. Factors affecting on using of sodium alginate doped
with TiO, under UV Light

3.5.1.1. Effect of time on the degradation of MO dye

Time of the photodegradation may be one of the nec-
essary factors in the photocatalytic process. The photodeg-

radation of various illumination times using SA/(TiO,),,,

o
H3C, |
H3C/ g

Fig. 8. Molecular structure of methyl orange.
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Fig. 9. Absorption spectra of MO 20 ppm in aqueous solution.

nanocomposite beads. The dye concentration was equal
20 mg/L, and initial pH value equal 5, as shown in Fig. 10. It
is clear that 240 min illumination time is the optimum time
for the photocatalytic degradation.

3.5.1.2. Effect of TiO, nanoparticles concentration

Fig. 11 shows the photodegradation results using
sodium alginate beads doped with TiO, different concentra-
tions. The operation conditions included dye concentration
equal 20 mg/L, reaction time equal 5 h, pH value equal 5.
It was believed that as the amount of catalyst increased, the
number of photons absorbed and the number of dye mole-
cules absorbed were increased owing to an increase in the
number of catalyst particles. But actually above a certain
level of catalyst loading, a screening effect of excess particles
occurred and all the catalyst surfaces could not be exposed
to illumination. That is, the increase of catalyst loading
beyond a certain limit could not effectively increase the
photocatalytic reaction rate [25].

3.5.1.3. Effect of initial dye concentration

The effect of initial dye concentration ranged from
2.5 to 50 mg/L on the rate of decolorization efficiency of
MO using SA/(TiO,),,, nanocomposite beads at pH = 5,
presented in Fig. 12. The results showed that as the initial
concentration of methyl orange increased the reaction rates
decreased which most probably due to the increased con-
centration affects light penetration into the methyl orange
solution. Similar behaviors were reported previously [25].

3.5.1.4. Effect of pH values

The effect of pH was studied by keeping all other
experimental conditions constant and changing the initial
pH value between 3 and 10. The degradation efficiency was
studied with SA/(TiO,),,, using initial dye concentration of

20 ppm. The results are illustrated in Fig. 13. A decrease in
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Fig. 12. Effect of initial MO dye concentration on the photo-
degradation efficiency.

decolorization rate can be seen with increasing pH up to
10. Higher pH retarded the formation of OH" radicals and
decreased the photocatalytic reaction rate [9]. At low pH,
reduction by electrons in conduction band may play an
important role in the degradation of azo dye [25].
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Fig. 13. Effect of pH on the photo-degradation efficiency of
(SA/TiO,),,, at constant time.
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3.5.2. Effect of photodegradation on using of sodium alginate
doped with TiO, and another metal oxide (ZnO, SiO,) or
non-metal (CNT) under UV light

The results are illustrated in Fig. 14. The performance
of photodegradation was increased in case of doping TiO,
with ZnO under UV light. However, the band edges of these
semiconductors lie in the UV region which makes them
inactive under visible light irradiation. TiO, which has a
band gap of 3.2 eV is superior to other semiconductor oxides
due to its high chemical stability, low cost and nontoxic
nature. ZnO which has a similar band gap of about 3.2 eV
is sometimes preferred over TiO, for degradation of organic
pollutants due to its high quantum efficiency [8].

3.5.3. Effect of photodegradation on using of sodium alginate
doped with TiO, and another metal oxide (ZnO, SiO,) or
non-metal (CNT) under sun light

The results are illustrated in Fig. 15. The performance
of photodegradation were increased in case of doping TiO,
with 5iO, under sun light, this is due to the lower band gap
of silicon, maximize the range of wavelength in the visible
light regionals shown in Fig. 16.

The addition of SiO, effectively suppresses the particle
size and TiO, phase transformation from anatase to rutile,
Ultraviolet light covers only 5% of solar energy so that the
addition of TiO, is a majority of solar energy that could
alternatively be used to promote the reaction [26].

The degradation efficiency under visible light irradia-
tion by using TiO,/SiO, was much better than that of TiO,
or SiO, alone. This may be to the high surface area and great
adsorption of TiO,/SiO, particles facilitated electron injection
s0 as to significant increased the rate of photodegradation of
metyhyl orange. Moreover, the TiO,/SiO, particles had good
sedimentation ability and high thermal stability [5].

In the case of doped TiO, with CNT, the degradation up
to 39% due to fusing CNT with TiO, at the nanoscale level
promotes the separation of those electron-hole charges
generated upon, CNTs could exhibit either metallic or semi-
conducting behavior (band gap can vary from zero to ~2 eV)
by tuning diameter and helicity, CNTs have two kinds of
crucial roles when enhancing the photocatalytic activities
of TiO,. One is to act as an electron reservoir, which helps
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Fig. 14. Effect of photodegradation on using sodium alginate
doped with TiO, and another metal oxide (ZnO, SiO,) or non-
metal (CNT) under UV light.
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Fig. 15. Effect of photodegradation on Using of sodium alginate
doped with TiO, and another metal oxide (ZnO, SiO,) or non-
metal (CNT) under sunlight.
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Fig. 16. Bandgap of silicon.

to trap electrons emitted from TiO, particles due to irradi-
ation by UV-light, therefore hindering electron-hole pair’s
recombinations. The other is to act as a dispersing template
or support for controlling the morphology of TiO, particles
within the TiO,~CNT nanocomposites [27].

Fig. 18. Reuse of (SA/TiO,)

3.5.4. Kinetic study

The kinetics of UV-degradation of MO at concentration
of 20 ppm under UV-irradiation is illustrated in Fig. 17.
The results show that the photocatalytic decolorization of
MO dye can be described by the first order kinetic model,
In(C/C) = kt, where C, is the initial concentration and C is
the concentration at time t. The plots of the concentration
data gave a straight line. The rate constant was found to
be 0.0096 min™ with a correlation factor 0.9663. The photo-
catalytic degradation kinetic indicated that the destruction
rate of photocatalytic oxidation of MO dye over illuminated
TiO, fitted the Langmuir-Hinshelwood (L-H) kinetics
model [28,29].

3.5.5. Reusability of SA/(TiO,), ,, nanocomposite beads

0.04

Recovery and reuse is another advantage for SA/TiO,
photocatalytic degradation nanocomposite beads, which is
very important in practical applications. The reproducibil-
ity of the photocatalytic degradation activity was performed
with a constant MO concentration (20 mg/L) and 10%
beads catalyst dose (SA/TiO,),,, for each cycle. The regen-
eration of the catalyst was done by the following a simple
way. After the photocatalytic degradation of the MO solu-
tion process, the beads were draw and washed with dis-
tilled water. The recovered SA/TiO, nanocomposite bead
was reused in the next cycle Fig. 18. It was found that the
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Fig. 17. Pseudo-first-order kinetics for MO photocatalyzed deg-
radation.
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degradation efficiency of methyl orange was more than 95%
for four cycles.

4. Conclusions

A novel crosslinked SA nanocomposite with high
swelling capacity and relatively high adsorption efficiency
for methyl orange dye was prepared. The methyl orange
solution was successfully decolorized by the photocata-
lytic reaction under weak illumination conditions. It was
also found that pH is another important parameter in
determining the reaction rate and the acidic condition was
favorable for the methyl orange and using of TiO, only is
favourable under UV radiation. The higher initial con-
centration decreased the light penetration thus decreased
the relative reaction rate of photocatalytic reaction. It was
obvious that there was an optimum amount of catalyst
loading which does not prevent screening effect to illumi-
nation. The photocatalytic oxidation of methyl orange dye
has been studied using (1) sodium alginate polymer doped
with TiO,. (2) Sodium alginate doped with TiO, and another
nanomaterials. The obtained results showed that sodium
alginate hydrogel beads doped with TiO, only was able to
degrade 97.9% of methyl orange solution after 5 h under
ultra-violet light, while that with TiO, and SiO, was able to
degrade 73.5% of methyl orange solution under sun light.
The photo-oxidation of dye followed pseudo-first-order
kinetics, which fitted the Langmuir-Hinshelwood model.
Therefore, the nanocomposite is hopeful to be used in deg-
radation of organic pollutants. Further investigation is in
progress.
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