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The aim of this work was to synthesize nanocomposite membranes based on chitosan (CS) biopolymer
containing TiO2 nanoparticules (TiO2-Chitosan). The developed membranes were fully featured using different
characterization techniques (SEM, TGA, XRD, FTIR and contact angle measurement). The photocatalytic
activity of the fabricated membranes was evaluated by performing experiments in which aqueous solutions of
tartrazine dye that contained the fabricated membrane were irradiated with solar light. The photodegradation
percentage was spectrophotometrically determined by monitoring the maximum wavelengths (λmax) of tartrazine
at 427 nm for different irradiation times. The decolourisation percentage of the dye under solar light was 83%
using the TiO2-Chitosan membrane. The effective reusability and stability of the produced nanocomposite (TiO2Chitosan) films was also assessed. After four use cycles, this efficiency remained practically constant,
demonstrating the membranes’ reusability and suitability for catalytic activity in tartrazine removal from water.
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INTRODUCTION
Water pollution generated from organic dye contaminants has become an increasing global
environmental concern in recent years. Organic dyes are mainly produced from manufacturing
activities, such as textile finishing, plastics, paper, cosmetics, pharmaceuticals, and food processing.1,2
It can cause serious problems for both the environment and the human beings. Tartrazine (C.I. Acid
Yellow 23, AY23) was selected as a pollutant model for the present work. Tartrazine is an azoic dye
widely used in the textile, cosmetics, pharmaceutical and food industries.3 The acidic azo dye,
tartrazine, has a sulfonic group as an auxochrome that makes it highly water soluble and most
refractory to biodegradation. Many studies published in the last few decades have reported the dangers
of tartrazine dye at higher concentrations (4 and 8 mM), identifying its potentially deleterious effects,
such as food allergies, mutagenicity, carcinogenicity and phototoxicity.4,1-3 Consequently, the
wastewater containing tartrazine dye in various concentrations should be treated before discharge.
In this respect, several methods such as chemical oxidation, coagulation, adsorption,
biodegradation, photocatalysis, reverse osmosis, and solar wastewater treatment (SOWAT) have been
developed to treat dye-contaminated wastewater.5,1 In particular, photocatalysis is considered a
“green” treatment method, which uses solar energy effectively for the degradation of organic
pollutants.6-11 Recently, titanium dioxide (TiO2) has been found to be the most effective photocatalyst
for wastewater applications.2,3 Due to its properties, such as low cost, abundance and non-toxicity,
strong ultraviolet (UV) absorption, good physical and chemical stability in photocatalysis reactions
and, commonly, energy band gap of 3.2eV, researches have demonstrated in recent works that the
incorporation of TiO2 into a polymeric matrix provided a major stabilization of the semiconductor
material (TiO2), which resulted in higher pollutant degradation than in the case of the individual
components, and resolved some drawbacks by the incorporation of TiO2 into polymeric membranes
related to its use in suspension, namely the recovery of solid particles.6,7 Various polymers have been
used for the fabrication of membranes, among which cellulose acetate (CA), cellulose triacetate
(CTA), poly(sulfone) (PSu), poly(ether sulfone) (PES), polyvinylidene fluoride (PVDF),
poly(vinylidene fluoride-hexafluoropropylene) (PVDF-HFP), and copolymers, such as

poly(vinylidene fluoride-trifluoroethylene) PVDF-TrFE.12,15 This wide variety of polymers, which
define the chemical nature of the membrane, associated with multiple membrane geometries, makes it
possible to manufacture membranes with different properties and are capable of covering various
needs in several areas of use.
Chitosan (CS) is one of the most interesting biopolymers that is obtained from deacetylation of
chitin and is considered to be the second most common natural polysaccharide.3 CS is particularly
attractive due to its improved characteristics, such as high mechanical strength, excellent chemical
resistance, natural abundancy, non-toxicity, easy preparation, low cost, biodegradability, thermal
stability, and biocompatibility. These properties make it suitable for several different applications (for
example, as bio-adsorbents for wastewater treatment systems, for removing various pollutants, such as
heavy metals, dyestuff, pathogens). The incorporation of a semiconductor (TiO2) into the main
constituent CS has modified the properties of the biopolymer, and the biopolymer is expected to have
broad applications.
The aim of the present work was to synthesize TiO2-Chitosan films and use them for the
photocatalytic degradation of tartrazine dye under sunlight radiation. Finally, the effective reusability
and stability of the produced nanocomposite (TiO2-Chitosan) films were also assessed.
EXPERIMENTAL
Materials
Chitosan was supplied by Pelican Biotech and Chemicals Labs, Kerala (India). Titanium dioxide was
purchased from Sigma-Aldrich Co. Acetic acid (99.9% purity), and sodium hydroxide (98% purity) were
purchased from Biochem Chemopharma. Tartrazine (Acid Yellow 23), a mono azo anionic dye, was obtained
from ACROS Organics (U.S.A.). Its chemical structure and absorption spectrum are illustrated in Table 1. All
solutions were prepared with ultrapure Milli-Q water (resistivity of 18.2 Mcm).
Synthesis of TiO2-chitosan films
A chitosan solution (CS) was prepared by solubilization in a 2% (v/v) acetic acid solution, as described by
Aoudjit et al. in previous work.3 The CS solution was stirred at 30 °C until the chitosan had completely
dissolved. The mixture was then stirred at 700 rpm for 3 hours at 30 °C with 0.4 g of TiO2 nanoparticles. The
formed solution was cast onto a Petri plate, and the film was obtained by the solvent evaporation method. Then,
it was neutralized with sodium hydroxide (1M) and dried in an oven at 60 °C for 6 h to produce a TiO2-chitosan
membrane. The characterization and photocatalytic activity of the prepared films were further evaluated. The
pure chitosan film was prepared by the same procedure described above, but without the addition of TiO2
nanopowder. The pure chitosan films are transparent, and after the addition of TiO2 nanopowder (Fig. 1), the
prepared chitosan-TiO2 films show increased whiteness and decreased transparency, which is consistent with the
results reported in the work of Zhang et al.16
Table 1
Characteristics of the dye investigated in this study
Name of dye

Chemical structure

Type of dye

UV–vis absorption spectrum

Anionic
Tartrazine
Yellow 23

Chemical formula
C16H9N4Na3O9S

λ max absorption
(nm)
427

Molar mass,
g/mol
534.36

Figure 1: Photographs of prepared nanocomposite films: (a) Chitosan, (b) TiO2-Chitosan
Film characterization
The crystal structure of the TiO2-Chitosan film was evaluated by X-ray diffraction (XRD), using a Bruker D8
Discover diffractometer with incident CuKa radiation (40 kV and 30 mA). Fourier-transform infrared
spectroscopy (FTIR) was performed to determine the chemical stability of the film, using an FTIR Alpha
instrument (Bruker Corporation, Billerica, MA, U.S.A.), over a range of 500–4000 cm-1, using 64 scans with a
resolution of 4 cm-1. Scanning electron microscopy (SEM) was carried out with a Quanta 650 SEM (Thermo
Fisher, Waltham, MA, U.S.A.) to access the morphology and microstructure of the membrane.
Thermogravimetric analysis (TGA) was performed using a specific apparatus (model Q500, TA Instruments).
The thickness of the membranes was calculated using a digital micrometer. The density was determined by the
pycnometer method and the water content was expressed as the ratio ranging from 0 (completely dry) to the
value of the material porosity at saturation. Contact angle measurements were performed at room temperature in
a Data Physics OCA20 device, using ultrapure water as test liquid. The optical properties of the TiO2-Chitosan
composite films were evaluated according to the light transmittance of the films. Film transmittance was
measured at a wavelength of 600 nm using an ultraviolet (UV) spectrophotometer (Shimadzu UV1800).

RESULTS AND DISCUSSION
CS and TiO2-Chitosan XRD patterns are shown in Figure 2. The peaks at 2θ < 25° are typical of
chitosan (CS). Typical diffraction patterns of anatase and rutile (TiO2) were also found at 2θ°. These
peaks are similar to the standard spectra (JCPDS card numbers: 88-1175 and 84-1286). An additional
peak at 2θ of 20° confirms the incorporation of TiO2 into the structure of chitosan. These results are in
good agreement with similar works.3,17
The FTIR spectra of pure CS and TiO2/chitosan membrane are shown in Figure 3. The wide band
appearing at 3227.66 cm-1 is attributed to the O-H stretching vibration of adsorbed water. The bands
between 1574 and 1024 cm-1 are related to the composition of chitosan. The peaks below 1000 cm-1
were attributed to the Ti-O-Ti bond, the asymmetric stretching mode of Ti-O, and the immobilization
of TiO2 onto the CS matrix, which agrees with previous work.3,18-19
The chitosan films revealed a smοοth and flat surface, as shown in Figure 4 (a). The SEM images
(Fig. 4 (b)) after TiO2 incorporation into the chitosan matrix clearly show that the TiO2 nanoparticles
were mostly uniformly dispersed in the chitosan matrix, with some agglomerations. This result
confirms the good dispersion of TiO2 nanoparticles into the CS film. Similarly, Zhang et al.20
performed SEM analysis on chitosan-TiO2 composite films, and also reported that the TiO2
nanopowder was successfully and uniformly dispersed into the chitosan matrix.
The thermogravimetric analysis (TGA) of pure CS and TiO2-CS membranes was investigated (Fig.
5). The result showed the weight loss of the composite membrane (TiO2-CS membrane) was
comparatively lower than that of pure CS, suggesting less degradation potential and more thermal
stability of the TiO2-CS membrane, even at a higher temperature.
As observed from the values of the water content and contact angle in Table 2, it can be noticed
that the developed membrane is hydrophilic (less than 90°). The values obtained for the thickness and
density are quite comparable to those of the commercial supports used for the preparation of
membranes utilized in wastewater treatment activities. Transmittance measurements of the composite
films showed that the transparency of the pure chitosan film was 54.95%, whereas that of composite
films containing TiO2 was reduced, to 0.54%, respectively. This optical change was caused by high
UV absorption and scattering induced by the presence of TiO2. These results are in harmony with a
similar work reported by Zhang et al.16

Figure 2: XRD patterns of chitosan film and chitosan
composite film with TiO2

Figure 3: FTIR spectra of pure CS and TiO2-chitosan
membrane

Figure 4: SEM images of pure CS and TiO2-Chitosan membrane

Figure 5: Thermogravimetric analysis (TGA) of pure CS and TiO2-Chitosan membranes
Table 2
Chemical and physical characteristics of the synthesized membranes
Membranes
Chitosan
TiO2-Chitosan

Thickness,
μm
130
140

Density,
mg/cm2
10.5
16.2

Water content,
%
35.09
40.77

Contact angle,
degrees
71
46

Figure 6: UV–Vis spectra of tartrazine degradation at
different irradiation times under sun irradiation (10
mg/L, free pH (6), with TiO2–chitosan membrane)

Figure 7: Effect of sunlight illumination time on
photocatalytic degradation of tartrazine dye (CTAR= 10
mg/L, and free pH = 6)

Photocatalytic activity experimental results
The photocatalytic treatment of simulated wastewater containing an azo dye was carried out using
a TiO2-CS membrane. Tartrazine dye was selected as a pollutant model.
The experiments were carried out using an open reactor of 250 mL directly exposed to solar light
on a clear day. Aliquots of 3 mL, withdrawn at regular time intervals, were centrifuged to separate the
solid particles from the aqueous solution. To determine the residual tartrazine dye concentration, a
double-beam spectrophotometer (Shimadzu UV1800) was used at λ max = 427 nm.
The photodegradation yield (R, %) is calculated as in the following equation (Eq. 1):3,7,21
(1)
where Co and Ct are the initial concentration of tartrazine and its concentration at time t, respectively.
The (UV–Vis) absorption spectrum of tartrazine (Fig. 6) presents two main bands: one in the near
UV (λmax = 254 nm) and another one in the visible range (λmax = 427 nm) responsible for the yellow
color. The band at 427 nm can be assigned to chromophore groups, and the 254 nm band is
characteristic of the individual aromatic rings. The decrease in the intensity of both peaks (254 and
427 nm) has been observed with time and with the changes in color of the tartrazine dye in the inset of
Figure 6. The decrease is also meaningful with respect to the nitrogen to nitrogen double bond (–
N=N–) of the azo dye, as the most active site for oxidative attack. These results are in harmony with
similar work reported by Aoudjit et al.3
After 240 minutes, the bands (254 nm and 427 nm) disappeared. This disappearance of the bands
indicates that the chromophore groups of tartrazine dye are broken down and opened by the attack of
OH radicals. Thus, the tartrazine dye and aromatic intermediates were degraded into H2O, CO2 and
mineral acids. The degradation of tartrazine under UV sun irradiation (intensity = 830 W/m2) was
increased with increasing illumination time, as shown in Figure 7 (83% at the end of the reaction).
Stabillity and reusability of the TiO2-Chitosan membrane
The stability of the TiO2-Chitosan membrane was evaluated by XRD, FTIR and cycling
experiments. As can be seen from Figure 8, no difference was observed between the two XRD and
FTIR spectra before and after recycling. This result indicates that the membrane exhibits constant
properties before and after the degradation of tartrazine dye. As shown in Figure 9, although TiO2Chitosan still exhibited excellent photocatalytic activity for tartrazine degradation after 4 cycles, the
efficiency decreased slightly from 83 to 78%. This loss of photocatalytic efficiency (5% loss) is
explained by the washing out of TiO2 from the surface of the chitosan biopolymer during the first use
and cleaning step, and these findings are consistent with previous research.2,3,7 It can be concluded that
the TiO2-Chitosan film has good chemical stability and potential for environmental remediation and
industrial application.

Figure 8: XRD patterns and FTIR spectra of TiO2-Chitosan film before and after recycling

Figure 9: Photodegradation of tartrazine over four catalytic cycles in sunlight (CTAR= 10 mg/L, and free pH = 6)

CONCLUSION
Developing highly efficient photocatalysts for water and wastewater treatment under sunlight
irradiation is a promising approach to address the urgent demand for water remediation, particularly
for the remediation of emerging pollutants, such as tartrazine dye. Thus, composite membranes based
on TiO2 and chitosan have been prepared and characterized, and their photocatalytic activity has been
evaluated for the degradation of tartrazine under sunlight radiation. The maximum degradation
efficiency of 83% was achieved with an initial tartrazine concentration of 10 mg/L, at a free pH, and
after 4 h of solar irradiation. After four consecutive uses, the degradation efficiency proved consistent,
with an efficiency loss of 5%. The prepared TiO2-Chitosan membranes are suitable for water
remediation of tartrazine and related emerging pollutant contamination under solar irradiation.
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