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Abstract: In this paper, Chitosan Silica Composite (CSC) was prepared successfully. It was effectively 

used as a photocatalyst in the degradation process of Methyl Orange from the aqueous medium under 

sunlight irradiation. The photocatalytic degradation studies were carried out by varying contact time, 

pH, CSC dosage, and concentration of Methyl Orange. The maximum degradation percentage of Methyl 

Orange onto CSC was 94.01%, indicates that it has good degradation ability towards anionic dyes. The 

results revealed that Methyl Orange degradation was very high in an acidic medium (pH 4) at 70 

minutes, and the optimum CSC dosage (0.1g). The initial dye concentration of Methyl Orange was fixed 

as 10ppm. The experimental data were interpreted using adsorption isotherm models like Freundlich, 

Langmuir, and kinetic models such as Pseudo first order and second order. The results revealed that 

Methyl Orange's adsorption onto CSC obeys Langmuir Isotherm model shows monolayer adsorption 

on the composite surface, and it follows Pseudo second order kinetics. Qm(maximum adsorption 

capacity) for the adsorption of Methyl Orange onto CSC was 12.19 mg/g. 

Keywords: photocatalytic degradation; CSC; Methyl Orange; Langmuir isotherm; pseudo second 

order kinetics. 
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1. Introduction 

Globalization, industrialization, and developmental activities were the initiators for 

producing various types of organic pollutants like pesticides, fertilizers, heavy metals, and dyes 

[1]. Discharge of these pollutants into the water environment causes harmful effects to humans, 

plants, and animals. The raw materials that are commonly used in dyes are hydrocarbons, 

benzene, toluene, naphthalene, and Anthracene [2]. Methyl Orange was a commonly used 

anionic dye in the textile, food, and leather industries [3]. It was also used as an indicator in 

laboratories. This dye's release may cause numerous health problems in a human being, like 

irritation of the eye, respiratory tract, and skin [4]. Hence it was essential to remove Methyl 

Orange dye from wastewater before discharging into aquatic streams.  

Several techniques have been employed for dye removal from wastewater such as 

adsorption [5], coagulation[6], Ozonation[7], electrodialysis[8], biological degradation and 

photocatalytic degradation [9], in which photocatalytic degradation process has been 

considered as the most favorable technique in wastewater treatment due to its advantages such 

as no sludge formation, utilization of naturally occurring energy like solar energy than other 

alternative energy sources, ease of high scale operation and high potential to remove dyes [10, 
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11]. The solar light activity is supported by the enhancement in electrochemical and electronic 

properties as well as the adsorption process throughout the entire photocatalytic oxidation 

process. The researchers made a number of attempts for methyl orange removal using various 

materials such as Chitosan/kaolin/γ-Fe2O3 composites[12],  Chitosan-g-Poly(acrylamide)/ZnS 

[13], Chitosan/MgO composite [14] Core-Shell Fe3O4/SiO2/TiO2 Nanospheres [15], Fly Ash 

Modified Copper Oxide (FA/CuO) [16], Chitosan/Polyvinyl Alcohol/Zeolite Electrospun 

Composite Nanofibrous Membrane [17].  

Deacetylation of chitin yields chitosan, or it was obtained from crab shrimps. Chitosan 

was the second abundant naturally occurring polysaccharide next to cellulose. It has several 

OH-and an NH2 groups, with its structure as the primary reason to choose a prime material to 

remove pollutants from wastewater. Due to its reduced flocculation property, the degradation 

capacity was moderate in wastewater treatment. To increase chitosan degradation capacity, it 

can be modified by grafting (inserting various functional groups) or cross-linking process [18]. 

Silica possesses good degradation capacity, easy to form a chemical compound with 

organic materials to produce various silica modified surfaces, thermal stability, low-cost, and 

it is inert in nature. It has good ion exchange capacity and highly porous [19]. The above-

mentioned advantages are the primary reason to choose silica as a modification material with 

chitosan. Noval mesoporous Silica-Chitosan composites have been utilized for the removal of 

pollutants from industrial wastewater such as Hg(II) [20], Rhenium(VII) [21], Sulphonated 

dyes[22], Adsorptive removal of lead (Pb), copper (Cu), nickel (Ni) and mercury (Hg) ions 

[23].  

The objective of this research work is to determine the degradation capability of CSC 

towards Methyl Orange dye by batch mode photocatalytic degradation studies by varying 

contact time, pH, CSC dose, and initial dye concentration. 

2. Materials and Methods 

 A typical anionic dye Methyl Orange with a molecular formula of C14H14N3NaO3S was 

used as a sample dye to investigate the degradation ability of CSC. Chitosan, Silica gel, HCl, 

NaOH, acetic acid, and ethanol was procured from Universal Scientific Company, Coimbatore 

(Tamil Nadu). 

The preparation and characterization of the CSC were reported in our previous paper 

[24].  

2.1. Preparation of Chitosan Silica Composite (CSC) 

Chitosan was dissolved in 5% acetic acid solution, and the slurry was stirred for 2 hours 

in a magnetic stirrer. To this mixed slurry, silica gel was added, and the stirring was continued 

for another one hour to reach homogeneity. The bubble-free mixture was produced after 8 hours 

by keeping the mixture at room temperature at a stable place. 2:1 was the weight ratio of 

chitosan and silica gel in this reaction. After 8 hours, NaOH and ethanol were added with the 

bubble-free mixture and kept aside for 24 hours to form Chitosan Silica Composite (CSC). To 

remove the impurities from the solution, the product was washed well with double distilled 

water. The final product was filtered and dried in a hot air oven at 55ºC for 6 hours. The dried 

composite was crushed, powdered, and stored in an airtight container for further studies [25].  
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3. Results and Discussion 

3.1. Photocatalytic degradation studies. 

Photocatalytic degradation studies were carried out by varying contact time, pH, CSC 

dose, and initial dye concentration. Methyl Orange stock solution was prepared by 1g of dye 

dissolved in one liter of water. It was used for degradation studies.  50 ml of various 

concentrations of stock solution were taken in a series of conical flasks with a known amount 

of CSC(0.1g) at different pH ranges (2-8), and the whole mixture was stirred well and kept in 

a bench shaker for 10 minutes to reach the equilibrium condition. After reaching the 

equilibrium condition, the solution was exposed to direct sunlight. The absorbance was 

measured at regular interval time with the range of 200-800 nm using UV-Visible 

spectrophotometer119 for the exposed dye solution after centrifugation. The experiments were 

duplicated, and the mean values were reported. The following equation determined the 

photocatalytic degradation efficiency of CSC towards Methyl Orange 

ƞ =   
A0 − At

A0
                                        (1) 

Where A0 is the initial dye absorbance, and At is the dye absorbance after dye degradation         

[26, 27]. 

3.1.1. Effect of contact time. 

The effect of contact time for the degradation of Methyl Orange onto CSC using 

sunlight irradiation was studied by varying the time from 10-80 minutes. The relationship was 

shown in Fig. 1. When the contact time increases, there was a gradual increase in % of 

degradation up to 70 minutes. After 70 minutes, no remarkable change in % of degradation 

indicates that the presences of active sites in the composite were high at the earlier stage. At 

the later stage, the presence of active sites was less due to the accumulation of dye molecule 

over CSC's surface [28]. From the results, the maximum degradation of Methyl Orange was 

observed as 94.01% at 70 minutes, and the optimum dose of CSC. Therefore it could be fixed 

as optimal contact time for the entire studies. 

 
Figure 1. Effect of contact time on the Methyl Orange degradation onto CSC. 
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3.1.2. Effect of pH. 

The solution pH influences the functional groups present in CSC and the charge of the 

composite. The effect of pH was studied by varying the pH ranges from 2-8, and the 

relationship between pH and % of degradation was depicted in Fig. 2. Maximum degradation 

of Methyl Orange (94.01%) occurs at the pH of 4. When increasing the solution's pH, Methyl 

Orange gradually degrades. This may be attributed that the effect of pH depends on the zero 

point charge of CSC. The zero point charge of CSC was 7.8. If the solution pH was below the 

zero point charge, if favors anionic dye degradation since the charge of the composite was 

positively charged(H+), and if the solution pH was below the zero point charge, if favors 

cationic dye degradation because CSC was negatively charged (OH-) [29]. 

 
Figure 2. Effect of pH on Methyl Orange degradation onto CSC. 

3.1.3. Effect of CSC dose. 

The effect of CSC dose for the degradation of Methyl Orange was determined by 

varying CSC dosage from 0.02g to 0.14g of CSC at an optimum contact time of 70 minutes. 

The correlation between CSC dose and the % of degradation was illustrated in Fig. 3. Methyl 

Orange degradation increases with an increase in CSC dose up to 0.1g; this may be attributed 

to excess availability of active sites, and CSC surface area enhances rapid degradation rate. 

Further addition of CSC converts the dye solution as turbid and non-transparent due to the CSC 

agglomeration, which decreases the degradation rate [30]. The maximum degradation (94.01%) 

of Methyl Orange was achieved by using 0.1g of CSC was fixed as an optimum dose for 

photocatalytic degradation studies. 

 
Figure 3. Effect of CSC dose on Methyl Orange degradation. 
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3.1.4. Effect of dye concentration. 

The effect of dye concentration onto CSC was determined by varying Methyl Orange 

concentration from 10-70 ppm at optimum conditions. A plot of dye concentration and % 

degradation was shown in Fig. 4. The % of degradation decreases by increasing the dye 

concentration. The % of degradation decreased from 94.01% to 35.41%. The results revealed 

that a fixed amount of CSC uptake only fixed quantity of dye from solution remaining dye will 

be as such in the solution, which decreases the composite's oxidizing ability was the primary 

reason for a decrease in dye degradation at higher concentration [31]. 

 
Figure 4. Effect of dye concentration on methyl orange degradation onto CSC. 

3.1.5. Confirmation analysis for Methyl Orange dye degradation onto CSC. 

The degradation of Methyl Orange onto CSC using sunlight irradiation was confirmed 

by UV-spectral analysis. The absorbance intensity of Methyl Orange has measured at the 

wavelength of 464 nm. Initially, the peak value was measured for a blank dye solution. After 

equilibrium time, the Methyl Orange dye solution with CSC was exposed to direct sunlight. 

The absorbance was measured for the exposed solution at a regular interval of 10 minutes up 

to 80 minutes. The decrease in absorbance peak revealed that the peak diminishes concerning 

time was the confirmation analysis for Methyl Orange degradation. It was shown in Fig. 5. The 

degradation of Methyl Orange onto CSC before and after treatment at optimum conditions was 

shown in Fig. 6. 

 
Figure 5. UV absorption spectra for the Degradation of Methyl Orange onto CSC. 
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The photocatalytic activity of CSC was assessed by photocatalytic degradation of MO 

dye under UV irradiation at different time intervals, and the decrease in the absorbance at 464 

nm was monitored at regular time intervals. The disappearance of the 474 nm absorption peak 

(Fig. 5) shows that the –N=N– bonding is completely decomposed, corresponding to the orange 

color's disappearance in the solution after the degradation reaction [32]. It is clearly evident 

that there is a significant decline in the absorbance intensity with irradiation time, making it 

clear that there is a decrease in the concentration of the MO dye solution suggesting detectable 

degradation of MO in the presence of the CSC photocatalyst. The CSC's degradation efficiency 

for MO was observed to be 94% in 70 min, so MO was completely degraded. Hence it can be 

used as a beneficial material in the degradation process of dye wastewater. It is clear from Fig. 

5.   

3.1.5. Comparative analysis of various materials for the removal of Methyl Orange dye. 

The degradation efficiency of various materials was compared with the present study 

material and tabulated in Table 1. The result reveals that the degradation percentage of CSC 

was high compared to other materials showing the effectiveness of CSC towards Methyl 

Orange degradation.  

Table 1. Comparative analysis of various materials with present study composite. 

Photocatalyst 
Time taken for degradation and  

method used 

Degradation 

efficiency (%) 

Chitosan/kaolin/γ-Fe2O3 composites 
3 hours 

Solar irradiation 
71 

Chitosan-g-Poly(acrylamide)/ZnS 
4 hours 

Solar irradiation 
69 

Chitosan/MgO composite 
24 hours 

adsorption 
93 

Core-ShellFe3O4/SiO2/TiO2 Nanospheres 
5 hours 

UV irradiation 
90.20 

Chitosan Silica Composite 

(present study) 

70 minutes 

Solar irradiation 
94.01 

3.2. Adsorption isotherm studies. 

Generally, adsorption isotherm is used to understand the relationship between 

adsorbent and adsorbate. The amount of dye adsorbed per unit weight of composite and dye 

concentration in the aqueous phase at equilibrium condition. The thermodynamics of MO 

adsorption onto CSC was examined by Langmuir and Freundlich adsorption isotherm. 

Langmuir isotherm was used to conclude the monolayer formation of composite over the 

adsorbate surface. Langmuir model describes the adsorbate’s monolayer formation onto the 

adsorbent’s surface. It explores the similar binding energies of the adsorbent’s active sites [33]. 

The Langmuir adsorption isotherm was given in equation 2. 
𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚𝑎𝑥
𝑏 +

𝐶𝑒

𝑞𝑚𝑎𝑥
                (2) 

Where Ce was the concentration of Methyl Orange dye solution (mg/L), qe was dye 

concentration onto CSC (mg/g), qmax was the maximum degradation capacity (mg/g) and b was 

Langmuir equilibrium constant [34]. The result showed that the experimental data were well 

fitted with the calculated value indicating monolayer formation over the dyed surface. Hence 

the adsorption of Methyl Orange onto CSC obeys Langmuir adsorption isotherm. The 

regression correlation coefficient (R2) was 0.9967, and the maximum adsorption capacity (qmax 

)was 12.19 mg/g. The relationship between Ce and Ce/qe was given in Figure 6. 
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Freundlich adsorption isotherm used to study the formation of a heterogeneous layer of 

composite over the adsorbate surface [35]. It was given by the heterogeneity factor 1/n. The 

linear form of Freundlich adsorption isotherm was given in equation 3. 

 𝐿𝑜𝑔 𝑞𝑒  =
1

𝑛
log(𝐶𝑒)  + log 𝐾𝑓                    (3) 

hence the Freundlich constant Kf(mg/g) and was the Freundlich exponent(n) [36]. The 

correlation coefficient (R2) was 0.9032, and the heterogeneity factor 1/n was 4.17.  The results 

revealed that the experimental value was a poor fit. The calculated value indicates the absence 

of heterogeneity on the composite surface. Therefore Freundlich adsorption isotherm was 

unfavorable to the adsorption of Methyl Orange onto CSC. The relationship between log Ce vs 

log qe was shown in Fig. 7. The isotherm parameters were tabulated in Table 2. 

 
Figure 6. Langmuir isotherm for the adsorption of Methyl Orange onto CSC. 

 
Figure 7. Freundlich isotherm for the adsorption of Methyl Orange onto CSC. 

Table 2. Langmuir and Freundlich Isotherm Parameters. 

Isotherm Model Parameters CSC 

 

Langmuir  

Qm (mg/g) 12.19 

b (L/mg) 3.02 

R2 0.9967 

 

Freundlich  

1/n 4.17 

KF (mg/g) 3.93 

R2 0.9032 

3.3. Kinetic studies.  

The kinetics of the adsorption of Methyl Orange onto CSC was determined by pseudo-

first and second-order kinetics. pseudo-first-order kinetics was employed to differentiate dye 
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solution concentration from the CSC adsorption capacity. The general equation for the pseudo-

first-order equation was depicted in equation 4. 

log(𝑞𝑒 −𝑞𝑡) = log 𝑞𝑒 −
𝐾1𝑡

2.303
                 (4) 

K1 was the first-order rate constant for the adsorption of pseudo-first-order kinetics; 

qt(mg/g)was the uptake of dye at time t, and qmax(mg/g)was the dye uptake at equilibrium[37]. 

The regression correlation coefficient was 0.8304, and the maximum adsorption capacity qmax 

was 23.12mg/g at the equilibrium condition. Based on the results, the experimental data was a 

poor fit with the calculated value. The pseudo-first-order equation was less favorable for the 

adsorption of Methyl Orange onto CSC. The relationship was correlated by a graph plotted 

between time (t in minutes) and log qe- qe was shown in Fig. 8. 

Ho and Mckay developed the pseudo-second-order kinetic equation, and the general 

equation of second-order kinetics was given in equation 5. A plot of time (t in minutes) and t/q 

gives a straight line, which was shown in Fig. 9. 
t

𝑞𝑡
=

1

𝐾2
−

𝑡

𝑞𝑒
                    (5) 

where K2 was the equilibrium rate constant (g/mg min), qt was the uptake of dye at moment t, 

and qe was the amount of dye adsorbed at equilibrium time [38]. The regression correlation 

coefficient (R2) was 0.9924, and the maximum adsorption capacity qmax was 72.46mg/g. The 

experimental values were very close to the calculated values indicate that the adsorption was 

well fitted for the pseudo-second-order kinetics equation. It gives the ion exchange interaction 

between CSC and Methyl Orange may also affect the adsorption [39]. The kinetic parameters 

were summarized in Table 3. 

 
Figure 8. Pseudo-first-order kinetics for the adsorption of Methyl Orange onto CSC. 

 
Figure 9. Pseudo-second-order kinetics for the adsorption of Methyl Orange onto CSC. 
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Table 3. Kinetic parameters for the adsorption of Methyl Orange onto CSC. 

Kinetic model Parameter CSC 

Pseudo first order  

k1(min-1) 0.1004 

qe(mg/g) 23.12 

R2 0.8304 

Pseudo second order  

k2(g/mg min) 0.00009 

qe(mg/g) 72.46 

h 0.47 

R2 0.9924 

4. Conclusions 

Based on the results of photocatalytic degradation of Methyl Orange onto CSC, the 

modified Chitosan Silica Composite was prepared successfully and utilized for the degradation 

of Methyl Orange using sunlight as the irradiating source. Photocatalytic degradation studies 

were carried out to determine the optimum conditions by varying contact time, pH, CSC dose, 

and dye concentration. The maximum degradation of Methyl Orange (94.01%), was achieved 

at the contact time of 70 minutes at pH 4. According to the previous literature, the percentage 

of degradation was high for anionic dyes than cationic dyes. The optimum initial dye 

concentration of MO dye was fixed as 10ppm, and the optimum dose of CSC was 0.1g. UV-

Visible spectroscopic studies confirmed the degradation. The equilibrium data obtained from 

the result was very close to the calculated value proves that the adsorption of Methyl Orange 

onto CSC obeys Langmuir adsorption isotherm; hence the formation of strong monolayer 

occurs over the homogeneous surface. The adsorption depends upon the initial dye 

concentration and composite dose, so it follows pseudo-second-order kinetics. Based on the 

above conclusions, CSC could be effectively used as a photocatalyst for Methyl Orange 

degradation using sunlight irradiation. 
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