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a b s t r a c t

In this paper, the newly explored TiO2–Chitosan/Glass was suggested as a promising alternative material
to conventional means of wastewater treatment. Characterization of TiO2–Chitosan/Glass photocatalyst
was studied with SEM-EDX, XRD, and Fourier transform infrared spectroscopy (FTIR) analysis. The com-
bination effect of photodegradation–adsorption process for the removal of methyl orange (MO), an acid
dye of the monoazo series occur promisingly when four layers of TiO2–Chitosan/Glass photocatalyst was
used for MO removal. Approximately, 87.0% of total MO removal was achieved. The reactive –NH2, –OH,
and metal oxide contents in the prepared photocatalyst responsible for the photodegradation–adsorption
effect were confirmed by FTIR study. Similarly, MO removal behavior was well supported by SEM-EDX
Titanium dioxide
Chitosan
Visible light

and XRD analysis. Significant dependence of MO removal on the TiO2–Chitosan loading can be explained
in terms of relationship between quantum yield of photocatalytic reactions and photocatalyst struc-
ture/activity. Hence, the resear

rptio
of photodegradation–adso

1. Introduction

Recently, the arising ecological problems related to the pollu-
tion of water source have gained a lot of attention. One of the major
sources of contaminants comes from the textile industries, in which
its worldwide industry consumption is in excess of 107 kg/year and
an estimated 90% of this ends up on fabrics [1]. Consequently, it is
estimated that from 1 to 15% of the dyes used are lost in waste
streams during synthesis and processing in the textile industry
[1–5]. These wastewaters cannot be treated easily because their
natural biodegradability has become increasingly difficult owing
to the improved properties of dyestuffs. Indeed, dyes are designed
to have a good fastness under typical usage conditions and thus,
traditional wastewater treatment methods such as flocculation,
activated carbon adsorption and biological treatment are increas-
ingly ineffective [3,6–7].
Methyl orange which is a stable basic azo dye is a compound
that contain azo groups (–N N–) linked to methine or aromatic sp2-
hybridized C-atoms. The azo groups are mostly bound to benzene or
naphthalene rings. Occasionally, they are also attached to aromatic
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heterocycles or to enolizable aliphatic groups. In view of its high
stability, methyl orange is commonly used as titration indicator and
staining agent [8]. Hence, it was chosen as a model pollutant in the
present study.

Since the last three decades, heterogeneous photocatalytic oxi-
dation process has been studied extensively for the destructive
oxidation of various organic pollutants. Among a variety of photo-
catalysts employed, titanium dioxide (TiO2) is the most preferable
material due to its non-toxic, insoluble, stability, high photoactiv-
ity and inexpensive nature. It has been proven to be very effective,
since many aromatic compounds can be degraded successfully to
safer end products such as CO2, H2O, and mineral acids [6,9–11].
However, the use of TiO2 together with chitosan has never been
reported in any wastewater purification system. Adsorption pro-
cess mediated by chitosan is one of the effective techniques that
have been successfully employed for various pollutants (organic,
inorganic, and heavy metal) removal from wastewater. It is in this
regard that we would like to present here the combined effect of
photodegradation–adsorption using the prepared thin film of TiO2
and chitosan supported on glass (TiO2–Chitosan/Glass) under the
illumination of visible light as a new method for the treatment or

pre-treatment of dye-containing wastewater.

The photocatalytic degradation of organic dyes in wastewater
utilizing titanium dioxide (TiO2, an n-type semiconductor) is ini-
tiated by light of wavelength � ≤ 390 nm (3.2 eV). Then, electrons
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chains to toxic levels. Contrarily, chitosan was known to have a
very promising capability in this regard. Therefore, it was expected
that TiO2 and chitosan can complement each other with their
own advantages, hence, providing a comprehensive method in the
abatement of various wastewater pollutants.
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. Experimental details

.1. Materials

The photocatalyst employed was commercial titanium dioxide
upplied by Degussa (P25), Jebsen & Jessen Industrial (Malaysia)
dn. Bhd. According to the manufacturer’s specifications, P25 has an
lementary particle size of 30 nm, BET surface area, ca. 50 m2/g and
ts crystalline mode is 80% anatase and 20% rutile. Chitosan [�-(1-
)-2-amino-2-deoxy-d-glucose] with ≥80% of deacetylation degree
nd high molecular weight was supplied by TCI Co. Ltd., Tokyo,
apan. Schematic representation of chitosan structure is shown
n Fig. 1. Methyl orange (MO), (4-[4-(dimethylamino)-phenylazo]
enzenesulfonic acid, sodium salt), M = 327.34 g/mol, ∼85% dye
ontent was purchased from BDH Laboratory Supplies in England
nd its chemical structure is illustrated in Fig. 2 [31]. Acetic acid
CH3COOH) and sodium chloride (NaCl) used to dissolve chitosan
ere of analytical grade. All the reagents were used as received
ithout further purification. Deionized (DI) water produced from
illipore Alpha Q system was used to prepare all solutions in the

tudy.

.2. Preparation of TiO2–Chitosan coated glass
TiO2–Chitosan/Glass) photocatalyst

Two typical procedures for the preparation of TiO2–Chitosan
atalyst were applied: 2.5 g of chitosan flake was dissolved in a pre-
ixed solution of 300 ml (0.1 M) CH3COOH and 40 ml (0.2 M) NaCl.

he viscous solution was stirred continuously for 12 h to fully dis-
olve the chitosan flake. Then, 2.5 g of TiO2 Degussa P-25 powder
as added into the viscous solution. Subsequently, another 50 ml of

0.1 M) CH3COOH was added. The slurry was stirred continuously
or 24 h to obtain the final transparent viscous solution. The second
rocedure is the same as the initial, with difference in the mass of
iO2 Degussa P-25 powder being used (25.0 g).

Pieces of 45 mm × 80 mm × 2 mm glass plates were used as sup-
ort to immobilize the prepared TiO2–Chitosan catalyst. The glass
lates were first degreased, cleaned thoroughly and dried before
eposition. Then, the glass plates were dipped in the viscous solu-
ion with a uniform pulling rate manually. The readily dipped

lass plates were dried at 100 ◦C inside an oven for 4 h alternately
fter each dipping process. Dipping repetition was done as desired
from one layer to six layers). Herein, the synthesized samples are
alled TiO2–Chitosan/Glass photocatalyst. TiO2–Chitosan thin film

Fig. 1. Schematic representation of chitosan structure.
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are excited from the valence band to the conduction band, generat-
ing positive holes and free electrons. The produced electron–hole
pairs can recombine or interact with other organic substrates on the
surface of TiO2 particles via the oxidation and reduction reactions.
In aqueous solution, the positive holes are scavenged by surface
hydroxyl groups to produce the very reactive oxidizing hydroxyl
radicals (•OH), which can promote the degradation process and
subsequently lead to the total mineralization of the organic sub-
strate [12–16].

Recently, there are a few groups of researcher examining the
degradation mechanism of several dyes under visible light or solar
light irradiation. They had suggested a new method for the treat-
ment or pre-treatment of dye-containing wastewater. The process
is inspired by the principle of photosensitization of wide band
gap semiconductors [5,17]. When a colored organic compound is
present, the adsorbed dye molecule is excited by visible light, thus
acts as a photosensitizer capable of injecting an electron into the
conduction band of semiconductor particles to form an oxidized
radical. The oxidized form of the dye molecules will then undergo
further degradation. Detailed mechanism of dye degradation under
visible light irradiation is described by Eqs. (1)–(6) [18–19]:

Dye + h� → Dye∗ (1)

Dye ∗ + TiO2 → Dye•+ + TiO2(e) (2)

TiO2(e) + O2 → TiO2 + O2
•− (3)

O2
•− + TiO2(e) + 2H+ → H2O2 (4)

H2O2 + TiO2(e) → •OH + OH− (5)

Dye•+ + O2(or O2
•− or •OH)

→ peroxylated or hydroxylated intermediates
→→ degraded or mineralized products

(6)

On the other hand, chitosan has been reported for the high
adsorption potentials of dyes [20–22], metal ions [23–24], organic
acids [24–25], and pesticide [26]. Other useful features of chitosan
making it a versatile adsorbent include its abundance, non-toxicity,
hydrophilicity, biocompability, biodegradability, and anti-bacterial
property [27–29]. Chitosan [�-(1-4)-2-amino-2-deoxy-d-glucose]
being a hydrolyzed derivative of chitin contains high amount of
amino (–NH2) and hydroxyl (OH) functional groups. In fact, both
–NH2 and –OH groups on chitosan chains can serve as coordination
and reaction sites. Adsorption of organic substrates by chitosan is
via the electrostatic attraction formed between the –NH2 functional
groups and the solutes. Whereas, the binding ability of chitosan for
metal ion is attributed to the chelating groups (the –NH2 and –OH
groups) on the chitosan [24,28].

In our present study, chitosan was used as binder to anchor
the reactive TiO2 onto the smooth surface of glass plates. It
will be very interesting to investigate the combined effect of
photodegradation–adsorption mediated by TiO2–Chitosan. The
photocatalytic degradation process utilizing TiO2 has been proven
to be very effective for the degradation of various organic pollu-
tants. However, it is ineffective for the abatement of heavy metal
constituents as metal ions are generally non-degradable [30]. They
have infinite lifetimes, and build up their concentrations in food
Fig. 2. Illustration of MO chemical structure.
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Fig. 3. Experimental set-up of the photodegradation–adsorption process.

Fig. 4. SEM-EDX micrographs of TiO2–Chitosan/Glass with different photocatalyst load
layers, and (f) four layers/25.0 g of TiO2 Degussa P-25.
Materials 164 (2009) 138–145

formed on the glass plates was responsible for the photodegra-
dation and adsorption reaction. Otherwise, the photocatalysts
were stored in the dark to avoid pre-activation by room light or
sunlight.

2.3. Characterization of TiO2–Chitosan/Glass photocatalyst

Surface morphology of the TiO2–Chitosan/Glass was studied
by scanning electron microscope fitted with energy dispersive
X-ray Spectrometer (SEM-EDX) analysis—LEO 1455 VPSEM and
Oxford INCA EDX. Small pieces of the prepared photocatalyst
were stuck on stubs using double-sided tape. Before the sam-
ples were analyzed, they were sputtered with a layer of gold
film to prevent the occurrence of charging effect. Whereas,
the phase composition of the prepared photocatalyst was stud-
ied using the powder and plate XRD technique. The patterns
were recorded on a Shimadzu X-ray Diffractometer (XRD-6000)
using Cu K� radiation. Diffraction patterns were taken over the
2� range 5–60◦. Fourier transform infrared spectroscopy (FTIR)

spectra of the precursor materials, TiO2 Degussa P-25 powder,
chitosan flake, and the prepared dried TiO2–Chitosan catalyst
were obtained ex-situ employing PerkinElmer Spectrometer FTIR
Model 1725 X and a KBr beam splitter within wavelength range of
400.0–4000.0 cm−1.

ing, 20,000×: (a) one layer; (b) two layers, (c) three layers, (d) four layers, (e) five
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increase with increasing dip-coated layers. Subsequent increase
of dip-coated layers after 3 will cover surface TiO2 particles with
dissolved chitosan. Hence, it is expected that photodegradation
process will play a major role in one to three dip-coated layers
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ussa P-25) with different, photocatalyst loading (one to six dip-coating layers).

f TiO2–Chitosan/Glass, whereas MO removal will predominantly
e attributed to adsorption process with subsequent increase of
ip-coating layers.

Rationally, Fig. 4f shows that with an increase in TiO2 pre-
ursor material (25.0 g of TiO2 Degussa P-25) in the preparation
f TiO2–Chitosan catalyst, macroreticular structure of TiO2 parti-
les observed on the surface area of TiO2–Chitosan/Glass increased
remendously and concurrently. It had covered up the whole sur-
ace area. This may suggest that a significant increase in MO removal
ia photodegradation process can be expected as more active sur-
ace area of TiO2 particles was available for the reaction.

.2. XRD analysis

XRD analysis was carried out to confirm the TiO2 polymorphs
nd their crystalline phases. Fig. 5 shows the X-ray diffraction
atterns of TiO2–Chitosan/Glass with different photocatalyst load-

ng (dip-coating layers). The peaks corresponding to the anatase
iO2 phase appeared at 2� = 25.3◦, 37.9◦, and 48.1◦, respectively.
s observed in Fig. 5, the major phase of TiO2–Chitosan/Glass

ith different photocatalyst loading were predominantly anatase
atching the standard JCPDS value. The peaks were getting sharper
ith increasing dip-coating layers. This indicates that photocatalyst

oading has a significant effect on the TiO2–Chitosan/Glass crys-
allinity. Higher intensity of TiO2 peak shows that the availability of
Fig. 5. X-ray diffraction patterns of TiO2–Chitosan/Glass (2.5 g chitosan:2.5 g TiO

2.4. MO removal via photodegradation–adsorption reaction

The experiments were carried out in a custom made
photodegradation–adsorption reactor as illustrated in Fig. 3. Five
pieces of TiO2–Chitosan/Glass with different number of dip-coating
from 1 to 6 were used as photocatalyst. The solution was illu-
minated with a 15 W Philips white fluorescent light source at
the centre of the solution reservoir, covered and separated by
cylindrical quartz glass housing. Air was bubbled through the reac-
tion solution to ensure a constant supply of oxygen and to give
agitation effect to achieve equilibrium state of model pollutant-
photocatalyst. Natural pH was applied for all of the experiments.

In a typical experiment, 1000 ml of MO with initial concentra-
tion of approximately 20 ppm was used as the model pollutant.
Five milliliters of the samples were taken at regular interval and
analyzed by PerkinElmer Lambda 20 UV–vis spectrometer to mea-
sure the temporal changes of MO concentration. The determination
wavelength is 464.0 nm, which is the maximum absorption wave-
length of MO as detected by UV–vis spectrometer.

3. Results and discussion

3.1. Surface morphology of TiO2–Chitosan/Glass

SEM-EDX micrographs of TiO2–Chitosan/Glass with a ratio of 1:1
(2.5 g of chitosan:2.5 g of TiO2 Degussa P-25) and different pho-
tocatalyst loading (one dip-coated layer to six dip-coated layers)
are shown in Fig. 4a–e, respectively. Macroreticular structure with
spherical primary TiO2 particles (as circled in Fig. 4a–c, respec-
tively) of about 5–20 nm can be clearly seen. EDX analysis (results
not shown here) [32] confirms that they were TiO2 particles with
the atomic ratio of titanium to oxygen of ca. 1:2. This suggests
that TiO2 were coated on the surface area of the prepared pho-
tocatalyst via chitosan as the bonding medium. While allowing the
chitosan to react via adsorption mechanism, surface TiO2 can be
excited with light illumination of suitable wavelength (� < 390 nm
or Ebg = 3.2 eV) [4,6,11,17–18]. However, TiO2 particles cannot be
seen in Fig. 4d and e as they submerged into the coated lay-
ers of TiO2–Chitosan/Glass. As observed, surface TiO2 particles
ig. 6. Crystallite size of TiO2 particles in TiO2–Chitosan/Glass (2.5 g chitosan:2.5 g
iO2 Degussa P-25) with different photocatalyst loading (one to six dip-coating
ayers).



rdous
142 Z. Zainal et al. / Journal of Haza

TiO2 compound increases as well, which is a favorable factor in the
photodegradation process of organic compound. Co-existence of
anatase and rutile (27.5◦) peaks were only evident in the photocat-
alyst with five or more dip-coating layers. However, the existence
of rutile phase may be detrimental to the photoactivity as rutile
has been reported to be connected to its fast recombination rate of
generated electron and holes [33].

The average crystallite sizes of TiO2 were calculated by Scher-
rer’s equation using the full width at half maximum (FWHM)
of the X-ray diffraction peaks at 2� = 25.3◦ corresponding to the
most intense anatase peak. Fig. 6 reveals that typical values of
anatase crystallite size as calculated using Scherrer’s equation were
in the range of 4–18 nm for the synthesized TiO2 particles in
TiO2–Chitosan/Glass. TiO2 particles crystallite size as studied from
XRD analysis was in well agreement with the SEM-EDX results dis-
cussed in Section 3.1 and with some of the reported results of other
researchers [3,34–35]. The average anatase crystallite size of TiO2
decreased slowly with the increase in photocatalyst loading from
one to three layers. However, rapid increase of the crystallite size
was observed with further increase in photocatalyst loading from
four to six layers. An applause suggestion from the changing trend
is that smaller crystallite size of TiO2 particles with three to four
dip-coating layers may yield more reaction surface area as ratio-
nalized with the large quantity of surface TiO2 particles confirmed
by SEM-EDX analysis in one to three dip-coated photocatalyst.

3.3. FTIR spectra of TiO2–Chitosan/Glass

FTIR spectroscopy provides information on the nature of
the precursor materials used and both the newly synthesized
TiO2–Chitosan catalyst. FTIR spectra for chitosan, TiO2 Degussa P-
25, and both dried TiO2–Chitosan catalyst with different ratio were
presented in Fig. 7. Absorption band of chitosan at 1640 cm−1 and
3436 cm−1 were attributed to its amine (–NH2) and hydroxyl (–OH)
functional groups [22,36]. Both of these functional groups on chi-

tosan chains can serve as coordination and reaction sites for the
adsorption of transition metals and organic species [28–29]. Fig. 7
also confirms the existence of metal oxide (TiO2) at 656 cm−1 for
TiO2 Degussa P-25. However, absorption band for both the syn-

Fig. 7. FTIR spectra of chitosan, TiO2 Degussa P25, a
Materials 164 (2009) 138–145

thesized TiO2–Chitosan catalyst shows an intrigue characteristic of
both chitosan and TiO2. Absorption spectra at 1410, 1566, 2852,
3436, and 3732 cm−1 were due to the banding of hydroxyl groups,
in which hydroxyl band at 2852 cm−1 is a characteristic of surface
TiO2–OH functional group. On the other hand, absorption band at
1254, 1318, and 1640 cm−1 were attributed to the amine or amide
functional groups. Appearance of band at 656 cm−1 reaffirms the
existence of TiO2 compound.

The significant increase of bands centred at 2920 and 2852 cm−1

may be attributable to the increase of TiO2 used in the preparation
of catalyst from 2.5 to 25.0 g. It is worth noting that FTIR spectra
of both the synthesized TiO2–Chitosan catalyst shows more peaks
with higher intensities as compared to the precursor TiO2 and chi-
tosan. It indicates the enhancement of FTIR detection possibility
when the samples were consisted of both the precursor materials.
Besides, apparent existence of amine, amide, and hydroxyl func-
tional groups together with TiO2 metal oxide should help to confirm
the effective removal of MO through photodegradation–adsorption
process.

3.4. MO removal via photodegradation–adsorption process

A series of experiments were carried out to investigate the opti-
mum catalyst loading for MO removal by varying the number of
dip-coating from one to six layers. Blank experiments used as a
control established that MO did not photodegrade when irradi-
ated with visible light in the absence of photocatalyst. Removal
of model pollutant attributable to adsorption effect was obtained
when the experiments were run in the dark. Percentage removal
due to adsorption effect was calculated as follows:

% removal of model pollutant =
[

C0 − Ct

C0

]
× 100 (7)

where C0 = concentration of model pollutant at 0 min,
Ct = concentration of model pollutant at experimental time,

t.

When the experiments were run under the illumination of a
light source applying the same condition as for the experiment run
in the dark previously, it represents the total removal of the model

nd dried TiO2–Chitosan (2.5 g and 25.0 g TiO2).
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Table 1
Effect of TiO2–Chitosan loading on the photodegradation rate of MO

.1

.9
Control/without photocatalyst Dip-coated layers

1 2

Kapp (× 10−3 min−1) 1.6 149.1 128
Photodegradation (%) ≈0.0 6.8 12

pollutant which is inclusively due to both photodegradation and
adsorption effect. Therefore, the difference in the removal between
experiment carried out in the dark and under the illumination of
a light source is a representation of model pollutant removal by
photodegradation process. It can be simplified as follows:

photodegradation removal of model pollutant

= total removal under light illumination − removal in the dark

(8)

Percentage removal due to photodegradation effect can be cal-
culated as follows:

% removal of model pollutant (photodegradation) =
(

CPt

C0

)
× 100%

(9)

where C0 = concentration of model pollutant at 0 min,
CPt = concentration of model pollutant at experimental time, t
removed by photodegradation effect.

In order to investigate the photodegradation and adsorp-
tion mechanism for the removal of MO based on the effect
of TiO2–Chitosan catalyst loading (layers), the pseudo first-
order adsorption models were used. The photodegradation and
adsorption of model pollutants can be well described by the
Langmuir–Hinshelwood (L–H) kinetic model [37–39]. The rate of
a unimolecular surface reaction, R is proportional to the surface
coverage, � and will follow Eqs. (10) or (11), respectively, when the
reactant is more strongly adsorbed on the surface than the products

R = −dC

dt
= kr� = krKC0

1 + KC0 + KsCs
(10)

R = −dC

dt
= kr� = krKC0

1 + KC0
(11)

where kr = reaction rate constant, � = fraction of the surface covered
by the reactant, K = adsorption coefficient of the reactant, C0 = initial
concentration of the reactant, Ks = adsorption coefficient of the sol-
vent, Cs = concentration of the solvent.

Eq. (10) can be applied when both the reactant and the solvent
compete for the same active sites, while Eq. (11) is only applicable
when both the reactant and solvent are adsorbed on the surface
without competing for the same active sites. Integration of Eqs.
(10) and (11) yields Eqs. (12) and (13), respectively:

C K k K

ln 0

C
+

1 + KsCs
(C0 − C) = r

1 + KsCs
t (12)

ln
C0

C
+ K(C0 − C) = krKt (13)

Table 2
Effect of TiO2–Chitosan loading on the adsorption rate of MO

Control/without photocatalyst Dip-coated layers

1 2

Kapp (× 10−3 min−1) 1.6 15.7 47.4
Photodegradation (%) ≈ 0.0 1.9 4.5
3 4 (2.5 g TiO2) 4 (25.0 g TiO2) 5 6

228.2 269.1 1203.9 187.4 161.3
29.7 33.7 28.0 12.8 0.67

when C0 is very small, Eqs. (12) and (13) reduce to Eqs. (14)

ln
C0

C
= kappt (14)

A plot of ln(C0/C) vs. irradiation time should give a straight line
whose slope represents the apparent first order rate constant, kapp.
If a plot of ln(C/C0) vs. irradiation time was plotted instead, the same
graph was also attained but in the opposite plane (negative value).

When

C0

C
= 0.5, t1/2 = 0.693

kapp
(15)

Half-life, t1/2 is a useful indication of the rate of a first order chem-
ical reaction of a substances. It describes the time taken for the
concentration of a reactant to fall to half of its initial value.

The apparent rate constant, kapp of MO photodegradation is pre-
sented in Table 1. It is seen that the apparent rate constant increases
with TiO2–Chitosan loading up to four layers. Above four layers,
subsequent increase of coating thickness had limited the absorp-
tion and penetration capability of light source. Thus, surface TiO2
particles were not irradiated sufficiently, prompting the decrease
in the rate constant value. The results presented here were well
supported by the SEM-EDX and XRD analysis discussed earlier.
Maximum surface TiO2 particles were observed in SEM-EDX micro-
graph with three dip-coating layers. Similarly, TiO2 crystallite size
was the smallest at the interchange of three to four dip-coating
layers as confirmed by XRD analysis, indicating the highest value of
reactive surface area available. This trend had been observed by the
other researchers as well [34,38–40] and can be explained by the
fact that as the catalyst film becomes too thick, TiO2 particles begin
to mask itself effectively with the total irradiation being absorbed
by only the initial layers of coated catalyst.

Comparatively, Table 2 shows the rate constant of MO adsorp-
tion. Interestingly, adsorption capability increases with increasing
TiO2–Chitosan loading from one layer (15.7 × 10−3 min−1) to six
layers (226.6 × 10−3 min−1). It is evident that adsorption capabil-
ity of chitosan had not reached its maximum limit. Examination
of the data presented in Tables 1 and 2 may suggest that com-
bination effect of photodegradation–adsorption by four layers of
TiO2–Chitosan/Glass is more preferable as the highest value of MO
photodegradation was obtained. Although total removal of MO is
the highest using six layers of TiO2–Chitosan/Glass, MO removal by
adsorption is by means of transferring it to another waste medium
which is not the much desired wastewater treatment solution.

Tables 1 and 2 also show that by increasing the TiO2:Chitosan

ratio from 2.5 to 25.0 g of TiO2, rate constant for both the
photodegradation and adsorption process have been enhanced sig-
nificantly by approximately four times higher. Total combination
removal of MO also increased from 47.9 to 87.0% (four layers) in

3 4 (2.5 g TiO2) 4 (25.0 g TiO2) 5 6

57.9 80.7 638.3 163.2 226.6
11.2 14.2 59.0 44.6 64.6
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which photodegradation efficiency had been maintained while at
the same time adsorption capability was improved remarkably. As
the ratio of chitosan used in the preparation of TiO2–Chitosan cat-
alyst remained the same (2.5 g), it may suggest that part of the
adsorption capability was attributable to the increase of TiO2 itself.
This is in view that TiO2 particles surface are mainly oxygen atoms
with a high electron density (negative centres). Hence, TiO2 par-
ticles have a negative charge and should, therefore, more readily
adsorb MO which is a cationic molecule [41].

4. Conclusion

It is evident that the newly prepared TiO2–Chitosan/Glass is
capable of removing the model pollutant via the combined effect of
photodegradation–adsorption. The reactive –NH2, –OH, and metal
oxide contents in the prepared TiO2–Chitosan/Glass responsible for
the photodegradation–adsorption effect were confirmed by FTIR
study. Similarly, MO removal behavior was well supported by SEM-
EDX and XRD analysis.

The obtained results also indicate that catalyst loading plays
an important role in determining the removal efficiency of MO
attributable to both photodegradation and adsorption process.
Thus, optimum TiO2–Chitosan catalyst coating must be applied to
achieve maximum absorption of incident light for the excitation of
surface TiO2 particles. Better photodegradation effect was chosen
instead of adsorption effect.

The research work done thus far suggests a new method,
having both the advantages of photodegradation–adsorption pro-
cess in the abatement of various wastewater pollutants. A
ratio of 25.0 g TiO2 Degussa P25:2.5 g Chitosan was chosen
for further studies. The effect of initial concentration, pho-
tocatalyst heat-treatment, light intensity, and pH dependence
on the photodegradation–adsorption process of the prepared
TiO2–Chitosan/Glass will be studied to apprehend a comprehen-
sive understanding of the newly prepared photocatalyst, thus,
further enhance its photodegradation–adsorption efficiency. In
addition, the end products and intermediates produced during
the photodegradation–adsorption process will be determined and
investigated to ensure that no undesirable harmful or hazardous
compounds were formed.
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