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TiO2–chitosan beads were prepared and utilized for the photodegradation of methyl orange dye. The characterization of 
the synthesized TiO2–chitosan (CTC) was performed using Fourier transform infrared (FTIR) spectroscopy. The 
degradation of methyl orange (MO) dyes was ascribed to the improved photocatalytic activity of TiO2–chitosan (CTC), 
supported by techniques such as scanning electron microscopy (SEM), energy dispersive analysis of X-ray (EDAX), and 
X-ray diffraction (XRD). The experiments on photodegradation were conducted by altering the synergistic effect between 
TiO2 and chitosan (CS). Various factors, including initial dye concentration, pH, and catalyst dose, were examined. The 
findings indicated that a reduction in initial dye concentration and an increase in irradiation time led to a higher percentage 
of methyl orange dye removal. Experimental data revealed that when exposed to sunlight for 180 minutes, 75.97% of 
methyl orange was eliminated using TiO2–chitosan beads. The best photoactivity was obtained for a concentration of 20 
mg/L and a catalyst dose of 0.26 g at pH 9. 
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INTRODUCTION 

Methyl orange is a small organic compound 
featuring two aromatic rings linked by an -N=N 
double bond. This dye is commonly utilized across 
various industries, including textile and leather 
dyeing. As a result of its extensive application, 
significant quantities of wastewater contaminated 
with methyl orange are produced. This compound 
poses health risks, as it can irritate the skin, eyes, 
and respiratory system. Ingesting methyl orange 
may lead to internal discomfort, nausea, vomiting, 
and diarrhea. Additionally, it is harmful to aquatic 
organisms. Consequently, it is crucial to eliminate 
methyl orange and other azo dyes from waste 
streams to reduce their environmental and health 
effects.1-5  

Numerous treatment techniques have been 
devised for the removal of methyl orange, 
including biological methods, reverse osmosis, 
membrane filtration, ultraviolet (UV) disinfection, 
adsorption, photosensitization, solar wastewater 
treatment (SOWAT), and various chemical 
approaches. Nonetheless, these techniques 
frequently  come  with  various drawbacks, inclu- 

 
ding the production of significant sludge and the 
creation of secondary pollutants.6-12 Photocatalytic 
degradation, which utilizes light along with a 
photocatalyst to decompose chemical substances, 
has surfaced as a promising approach for the 
elimination of methyl orange.13-17 Recently, 
titanium dioxide (TiO2) has become the leading 
photocatalyst for wastewater treatment 
applications, attributed to its unique properties. 
Studies indicate that embedding TiO2 within a 
polymer matrix enhances the remarkable stability 
of this semiconducting material, leading to 
increased degradation of contaminants compared 
to using the individual components separately. 
This approach also addresses some of the 
drawbacks associated with the use of TiO2 in 
polymer films and suspensions, particularly in 
recovering solid particles. A variety of polymers 
have been utilized to create membranes, including 
cellulose acetate (CA), cellulose triacetate (CTA), 
polysulfone (PSu), polyethersulfone (PES), and 
polyvinylidene fluoride (PVDF). Additionally, 
vinylidene fluoride-hexafluoropropylene (PVDF-
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HFP) and copolymers such as poly(vinylidene 
fluoride-trifluoroethylene) (PVDF-TrFE) have 
also been employed.18-21 

Chitosan (CS), derived through the 
deacetylation of chitin, stands out as one of the 
most fascinating biopolymers and is recognized 
as the second most prevalent natural 
polysaccharide among natural polymers. Its 
appeal lies in its remarkable characteristics, 
which include high mechanical strength, 
exceptional chemical resistance, natural 
occurrence, non-toxicity, ease of production, 
affordability, biodegradability, thermal stability, 
and biocompatibility.5,22-23 These attributes render 
it suitable for numerous applications, including its 
use as a biosorbent for the removal of various 
contaminants, such as heavy metals, dyes, 
pathogens in wastewater treatment systems. 

The inclusion of semiconductor TiO2 into the 
primary component CS alters the characteristics 
of the biopolymer. This study aims to synthesize 
thin films of TiO2-chitosan and apply them for the 
photocatalytic breakdown of methyl orange dye 
when exposed to sunlight. Additionally, the 
assessment of the reusability and stability of the 
resulting nanocomposite (TiO2-chitosan) was 
conducted. 
 

EXPERIMENTAL 
Materials and methods 

Chitosan was provided by Pelican Biotechnology 
and Chemical Laboratories, Kerala (India). Titanium 
dioxide was purchased from Sigma-Aldrich. Acetic acid 
(99.9% purity) and sodium hydroxide (98% purity) were 
purchased from Biochem Chemopharma. Table 1 
summarizes the properties of methyl orange, which was 
chosen as a model compound for our flow 
photocatalysis. All chemicals used in our experiments 
were of analytical grade.  

Solutions of different concentrations (20–40 mg L-1) 
were prepared by diluting the methyl orange stock 
solution with distilled water. The pH of the solution was 
adjusted by adding NaOH or HCl.  
 
Preparation of TiO2-chitosan nanocomposite 

Titanium dioxide nanoparticles (0.3 g) were mixed 
with 7.0 mL of 2 wt% chitosan solution (in 2.0% acetic 
acid) and stirred with a magnetic stirrer at 80 °C for 1 h. 
The solution mixture was then added dropwise to a 
cooled sodium hydroxide solution (2 M) using a syringe 
to form a spherical shape of the beads. The gel beads 
were further solidified with NaOH solution for 2 h, 
washed with deionized water to remove the residual 
NaOH on the surface of the beads and to achieve a 
neutral pH, and dried in an oven at 60 °C for 6 h. The 
photocatalytic degradation of methyl orange by the 
prepared beads was further studied. 

 
Table 1 

Physico-chemical properties of methyl orange (MO) 
 

Name Methyl orange 
Chemical formula C14H14N3NaO3S 

IUPAC nomenclature 3,7 diamino-2-8-dimethyl-5 phenylphenazinium 
chloride 

Molar mass (g/mol) 327.34 
Solubility 5.20 at 20 °C 
λmax (nm) 464 

Chemical structure 

 
pKa 3.4 

UV/Vis absorption spectrum 

 
 
Characterization 

The crystal structure of TiO2-chitosan was 
evaluated by X-ray diffraction (XRD) using a Bruker 
D8 Discover diffractometer at incident CuKα (40 kV 

and 30 mA). The FTIR spectra of the as-prepared 
TiO2-chitosan were recorded using a JASCO-460 plus 
type FTIR spectrophotometer in the range of 400–4000 
cm−1; the samples were prepared as KBr pellets under 
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high pressure. Scanning electron microscopy (SEM) 
was performed using a Quanta 650 SEM (Thermo 
Fisher, Waltham, MA, USA) to observe the 
morphology and microstructure of TiO2-chitosan. 
Elemental analysis was performed by EDAX 
spectroscopy (Bruker Nano GmbH, Germany). 
 
Photocatalytic activity experiments 

The photocatalytic activity of the prepared 
photocatalyst TiO2-chitosan beads was tested under 
sunlight using methyl orange (MO) as a pollutant 
model. For each experiment, 0.26 g of catalyst beads 
were dispersed in 100 mL of 20 mg/L methyl orange 
(MO) aqueous solution. Before exposure to sunlight, the 
suspension was magnetically stirred for 30 min in the 
dark to ensure adsorption-desorption equilibrium. 5 mL 
aliquots were taken out at fixed time intervals and 
centrifuged twice (5000 rpm, 10 min) to separate the 
solid particles from the solution. According to the 
Lambert-Beer law, the absorbance of the sample is 
proportional to the concentration (λmax = 464 nm); UV-
visible spectra were recorded using a double-beam 
spectrophotometer (Shimadzu UV-1800) and the 
residual methyl orange (MO) concentration was 
determined. The photodegradation rate (R) was 
calculated using the following relationship:24-25 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(%) =  𝐶𝐶0−𝐶𝐶𝑡𝑡

𝐶𝐶0
 × 100  

 (1) 
where Co and Ct are the initial concentration and 
concentration at time t, respectively, of methyl orange. 

The reusability of the material was also tested. After 
each run, the TiO2-chitosan beads were thoroughly 
washed with distilled water to ensure that there were no 
adsorbed molecules and then dried in an oven before 
its reuse. 
RESULTS AND DISCUSSION 

The XRD diffraction patterns of CS and 
TiO2/CS are shown in Figure 1. The peaks at 2θ < 
25° are characteristic of chitosan. Around 2θ of 

25°, the typical diffraction patterns of TiO2 anatase 
and rutile were also found. These peaks are similar 
to the standard spectra (JCPDS Card No.: 88-1175 
and 84-1286). Another peak at 20° 2θ confirms that 
TiO2 is incorporated into the structure of chitosan. 
These results are in good agreement with those 
reported in previous work.5,22-23 

The FTIR spectra of pure CS and 
TiO2/chitosan are shown in Figure 2. The broad 
band 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 are attributed to Ti-O-Ti bonding, 
asymmetric stretching modes of Ti-O, and 
immobilization of TiO2 on the CS matrix. These 
results are consistent with those of similar 
works.5,22-23 

The surface of the chitosan film is smooth and 
flat, as shown in Figure 3 (a). The scanning 
electron microscopy (SEM) image after 
incorporation of TiO2 into the chitosan matrix 
(Fig. 3 (b)) clearly shows that the TiO2 
nanoparticles are uniformly dispersed in the 
chitosan matrix with some agglomeration. This 
result confirms the good dispersion of TiO2 
nanoparticles in the CS.23 

The elemental analyses performed by EDAX 
confirmed the presence of the elements Ti 
(14.93%), O (62.29%), and C (22.79%), which are 
indicative of TiO2 and chitosan, and can be seen in 
the EDAX spectra of the TiO2-chitosan beads (Fig. 
4). The results shown in Figure 4 demonstrated that 
the chitosan and TiO2 were combined in an 
excellent manner. 

 

  
 

Figure 1: XRD patterns of chitosan and 
TiO2/chitosan composite before and after application 

 
Figure 2: FTIR spectra of pure CS and TiO2/chitosan 

composite before and after application 
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Figure 3: SEM images of pure CS and TiO2/chitosan composite before and after application 
 

  
 

Figure 4: EDX spectrum and mapping of TiO2–chitosan composite beads 
 
XRD and FTIR were also used to evaluate the 

stability of Chitosan/TiO2 after use. As shown in 
Figures 1 and 2, no difference was observed 
between the XRD patterns and FTIR spectra 
recorded before and after application of the beads, 
which confirms the stability of the material. 
 
Adsorption, phοtοlysis and photocatalysis 
experiments 

Preliminary tests were conducted to evaluate 
the photocatalytic properties of the materials. 
Three consecutive experiments were performed to 
study the degradation process of methyl orange in 
wastewater: the first one was conducted in the 
presence of TiO2/chitosan catalyst without 
irradiation (to reveal the adsorption phenomenon); 
the second one was under light irradiation without 
TiO2/chitosan catalyst (photolysis); and the third 
one was conducted under light irradiation and in 
the presence of the suspended TiO2/chitosan 
catalyst (i.e., photocatalysis). Figure 5 shows the 
degradation process of methyl orange under these 
three conditions. It can be seen that photocatalysis 
has a significant effect on the photodegradation of 
methyl orange (up to 75% of methyl orange is 
degraded), while the effects of adsorption and 

photolysis are negligible (7% and 1%). These 
results are consistent with the results of previous 
studies.24-29 There, the researchers discovered 
heterogeneous photocatalysis as a method that can 
oxidize most organic pollutants.2,30-32 
 
Effect of initial methyl orange concentration 

In order to study the effect of the initial 
pollutant concentration on the photocatalytic 
degradation performance of methyl orange, we 
varied its concentration in the range of 20 to 40 
mg/L at a pH of 9 and a TiO2/chitosan catalyst 
dosage of 0.26 g. The curves in Figure 6 represent 
the development of the degradation performance of 
methyl orange over 180 min at different initial 
pollutant concentrations. The results show that the 
lower the initial concentration, the more obvious 
the degradation of methyl orange. At low substrate 
concentrations (20 mg/L) and irradiation time of 
180 min, the degradation efficiency is as high as 
about 75.97%, while at initial concentrations of 30 
and 40 mg/L, the degradation efficiency drops to 
48%. In other words, as the pollutant concentration 
increases, the degradation performance decreases. 
Our results are consistent with those reported in 
other previous works.2,4-5 
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Figure 7 shows the change in the absorption 
spectrum of methyl orange solutions during the 
photocatalytic process in the presence of 
TiO2/chitosan. The maximum absorption band is 
located at 464 nm. The decrease in absorption peak 
at 464 nm 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. 

This indicates a rapid destruction of the 
chromophore group responsible for the dye's 
color (the chromophore of methyl orange is 
broken down and opened up under the attack of 
OH radicals). Methyl orange dye decomposes into 
H2O, CO2, and mineral acids. These results are 
consistent with those of similar works.2,23 

 

  
 

Figure 5: Degradation of methyl orange under 
different processes (C = 20 mg/L, Ccatalyst = 0. 26 g/L, 

and pH 9) 

 
Figure 6: Photodegradation of methyl orange over 
time at different initial dye concentrations under 

sunlight (pH 9 and Ccatalyst = 0.26 g/L) 

 
 

Figure 7: UV spectra of methyl orange at different irradiation times under sunlight (C = 20 mg/L, pH 9 and 
Ccatalyst = 0.26 g/L) 

 
Effect of initial pH 

The entire photocatalytic process is 
significantly influenced by the pH of the solution, 
which affects both the surface charge of the 
catalyst and the chemistry of the pollutants.17 A 
successful investigation into the impact of pH on 
the photodegradation process was conducted 
using a methyl orange concentration of 20 mg.L-

1. The pH levels of the methyl orange solution 
were adjusted between 3 and 13. The results 
obtained demonstrated that variations in pH value 
had a substantial effect on the removal efficiency 
of methyl orange (Fig. 8). The degradation rate is 
observed to rise with an increase in pH, peaking 
at pH 9. Beyond this point, further increases in pH 

leads to a decline in the degradation rate. Thus, 
the highest degradation rate occurs within the 
alkaline range. An alkaline medium promotes the 
formation of OH- ions, which are crucial for 
generating OH radicals, thereby enhancing the 
rate of photodegradation. The reduction in 
degradation rate at pH 13 could be attributed to 
the dissolution of TiO2/chitosan. Consequently, 
the optimal pH for the photodegradation of 
methyl orange is determined to be 9. 
 
Effect of catalyst dose 

Figure 9 illustrates how the quantity of 
catalysts influences the efficiency of 
photodegradation. The findings indicate that as 
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the amount of TiO2 rises to 0.26 g, the 
photodegradation efficiency improves, achieving 
a removal efficiency of 75.97%. However, when 
the catalyst amount is increased beyond 0.26 g to 
0.52 g, a decline in efficiency is observed. This 
phenomenon can be understood by noting that the 
total active surface area grows with the quantity 

of catalyst, resulting in a greater number of active 
sites on its surface. However, after reaching a 
certain threshold, an increased catalyst dose may 
become counterproductive due to catalyst 
aggregation and diminished light scattering, 
which reduces irradiation. 

 

  
 

Figure 8: Effect of pH on photodegradation of methyl 
orange under sunlight (C = 20 mg/L,  

Ccatalyst = 0.26 g/L) 

 
Figure 9: Effect of catalyst dose on photodegradation 

of methyl orange under sunlight (pH 9 and 
C = 20 mg/L) 

 
 

Figure 10: Photodegradation of methyl orange during 4 catalytic cycles in sunlight  
(C = 20 mg/L, Ccatalyst = 0.26 g/L, and pH 9) 

 
Reusability of Chitosan/TiO2  

Recyclability is one of the most important 
variables in catalysis research.2 By recycling, the 
efficiency of the material was tested. After each 
use, the catalyst was washed with distilled water, 
and dried in an oven before further use. Figure 10 
shows the methyl orange degradation 
performance of 4 consecutive cycles under the 
optimized conditions. As shown in Figure 10, the 
removal efficiency of methyl orange from TiO2-
chitosan remained almost unchanged after 4 
consecutive cycles. TiO2-chitosan showed a 
removal efficiency of 75% at the end of the fourth 
cycle, proving that TiO2-chitosan maintained 
good photocatalytic degradation performance. 
This is explained by the stability of CS in aqueous 
solution and the uniform distribution of TiO2 

through interaction with CS molecules to ensure 
effective photocatalytic degradation of methyl 
orange. These results are consistent with the 
previous results obtained from XRD, SEM, and 
FTIR. 
 
CONCLUSION 

The development of efficient photocatalysts 
for water and wastewater treatment under sunlight 
irradiation is a promising approach to address the 
urgent need for water remediation, especially for 
emerging pollutants, such as methyl orange. 
Composites based on TiO2 and chitosan were 
prepared and characterized, and their 
photocatalytic activity for degradation of methyl 
orange under sunlight irradiation was studied. A 
maximum degradation efficiency of 75% was 
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achieved at an initial methyl orange concentration 
of 20 mg/L, pH 9, and after 3 h of sunlight 
irradiation. After 4 consecutive applications, the 
degradation efficiency was constant with a 1% 
efficiency loss. The produced TiO2/chitosan is 
suitable for water remediation of methyl orange 
and related emerging pollutants under solar 
radiation. 
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