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Abstract: Biocomposite materials are effective and efficient adsorbents in the treatment of dye-contaminated wastewater. In this study, the 

adsorption properties of chitosan (Ch)-alginate (A) biocomposite for Erythrosine B (EB) dye were investigated. FT-IR, SEM-EDX, and 

zero-charge point analyses support the idea that the adsorption process may occur via hydrogen bonds and electrostatic interactions between 
dye molecules and functional groups on the surface of Ch-A biocomposite. The maximum adsorption capacity of Ch-A biocomposite was 

found to be 319 mg g-1. The adsorption energy value was found to be 7.76 kJ mol-1, which indicates the physical nature of the adsorption 

process. Adsorption kinetics showed that the adsorption process first occurs as rapid adsorption onto the surface and then as relatively slow 
intraparticle diffusion. Adsorption thermodynamic studies showed that the adsorption process is endothermic and spontaneous. When all 

adsorption studies are evaluated together, Ch-A biocomposite is an alternative, effective, efficient, and promising adsorbent for better 

environmental protection and public health safety in removing EB dye from wastewater. We hope this study can successfully guide the 

development of new and more powerful approaches to reduce EB dye pollution in wastewater. It is of critical importance to protect the 

environment and human health from the toxic effects of EB dye that threatens life and enters wastewater. Because a clean environment 

means a more livable world for future generations. 
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1 Introduction  

Although water is one of the most abundant natural resources 

on earth, only about 0.007% is available for human 

consumption. As a result, billions of people today lack access 

to clean, drinkable water, and the demand is growing daily 

(Sağlam, Türk, and Arslanoğlu 2023) (Alsawat 2024). 

Furthermore, the discharge of wastewater, generated by rapid 

industrialization and urbanization, into natural water sources 

without treatment represents a significant challenge in terms 

of water access. The dyes present in this wastewater, due to 

their toxic and stable nature, cause visual and chemical 

pollution, thereby posing a considerable threat to the 

environment (M. F. Ahmad et al. 2024). The presence of dyes 

in wastewater impairs the photosynthetic activities of aquatic 

organisms and alters their biological processes. Furthermore, 

these dyes can undergo degradation into mutagenic, toxic, and 

carcinogenic compounds that pose a threat to the health of 

living organisms (Raji et al. 2023). 

Erythrosine B is a member of the anionic xanthene dye class 

and exhibits high solubility in water. It is employed 

extensively in the food, cosmetic, and pharmaceutical 

industries (Nascimento et al. 2022). The World Health 

Organization (WHO) has established a maximum daily intake 

of EB at 0–1.25 mg kg-1 (Lai, Li, and Zhang 2021). However, 

ingestion of quantities over these limits can result in the 

development of allergic reactions, as well as carcinogenic and 

mutagenic effects, and thyroid disorders in humans (Pipíška 

et al. 2022). Given the detrimental impact of EB dye on public 

health and the natural environment, it is imperative to develop 

effective strategies for the treatment of wastewater 

contaminated with this substance. Consequently, a variety of 

techniques, including ion exchange, coagulation, membrane 

technology, chemical oxidation, photocatalytic degradation, 
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ozonation, and adsorption, are utilized to eliminate synthetic 

dyes such as EB from wastewater (Umesh, Puttaiahgowda, 

and Thottathil 2024) (T. Ahmad et al. 2024). 

Nevertheless, a disadvantage of these methods is the 

utilization of chemical reagents that result in secondary 

pollution and their considerable electricity costs. In contrast, 

adsorption is a more frequently preferred method due to its 

low cost, simplicity, environmental friendliness, process 

flexibility, and high efficiency (Umesh et al. 2024) (Arni et 

al. 2023). In the removal of dyes from aqueous solutions 

through adsorption, a variety of adsorbents have been 

employed, including activated carbon (Raji et al. 2023), 

biomass (Şenol, Messaoudi, et al. 2023), biochar (Zhang, He, 

and Liu 2023), graphene (Khan Rind et al. 2023), clays 

(Ighnih et al. 2023), nanocomposites (Rehan et al. 2023), and 

natural polymers (Hevira, Ighalo, and Sondari 2024). 

However, due to the high cost and toxicity of activated 

carbon, graphene, and carbon nanotubes, recent studies have 

focused on the effectiveness of natural polymers like chitosan 

and alginate, as well as biocomposites synthesized from them, 

in dye removal (Şen and Şenol 2023a). 

Chitosan is a polysaccharide derived from the deacetylation 

of chitin and represents one of the most prevalent natural 

polymers on Earth. Chitosan is employed in a multitude of 

industries, including agriculture, medicine, biomedicine, 

food, paper, textiles, and cosmetics.  The aforementioned 

characteristics of chitosan, namely its hydrophilicity, 

abundant availability, high biocompatibility, strong chemical 

reactivity, non-toxicity, low cost, recyclability, antimicrobial 

activity, and functional groups (-NH2 and -OH) that support 

adsorption, render it an attractive adsorbent. Nevertheless, the 

utilization of chitosan (as an adsorbent is constrained by 

several factors, including its inadequate mechanical strength, 

limited specific surface area, susceptibility to 

depolymerization in acidic conditions, proclivity to 

agglomerate, and elevated swelling index (Abdulhameed et 

al. 2024) (Kashi et al. 2024) (Sabbagh, Tahvildari, and 

Mehrdad Sharif 2021).  To enhance these structural 

characteristics, chitosan has been modified through 

techniques such as cross-linking, covalent grafting, and ionic 

liquid impregnation with minerals, metal nanoparticles, 

synthetic polymers, metal oxides, glutaraldehyde, clay, and 

polysaccharides like alginate (Issahaku, Tetteh, and Tetteh 

2023). The utilization of cross-linkers, such as 

epichlorohydrin and tripolyphosphate, has the potential to 

enhance the surface properties, chemical stability, and 

mechanical strength of the synthesized biocomposite (Bellaj 

et al. 2024) (Hisham et al. 2024). Due to its abundant natural 

availability, low cost, non-toxicity, hydrophilic nature, 

biodegradability, and ability to cross-link with divalent 

cations, various studies have reported that chitosan can be 

cross-linked to synthesize a biocomposite with enhanced 

properties (Şenol, Elma, et al. 2023).  Additionally, in several 

studies, chitosan's high amino functional groups have been 

shown to attract dye anions through electrostatic interactions 

(Chiou and Chuang 2006) (Chiou, Ho, and Li 2004). 

Alginate, a linear polysaccharide derived from brown 

seaweed, is a widely utilized material in a multitude of 

industries, including cosmetics, pharmaceuticals, textiles, 

food production, and the manufacture of medical products 

(Kazemi and Javanbakht 2020). The alginate is a natural 

anionic biopolymer with free hydroxyl (–OH) and carboxyl 

(–COOH) groups. It has attracted great attention due to its 

widespread availability, low cost, biocompatibility, and 

biodegradability. Its ability to bind metal cations (usually 

divalent cations) through ionic interactions has made alginate 

an alternative to traditional treatment methods for heavy 

metal removal. However, the poor mechanical and chemical 

resistance of this biopolymer limits its industrial use on a 

large scale (Sachan 2009). One of the new approaches used to 

solve this disadvantage of biopolymers is to use them as 

composite material components. 

This paper investigated the adsorption properties of Ch-A 

biocomposite cross-linked with tripolyphosphate and 

epichlorohydrin to effectively remove anionic EB dye from 

aqueous solutions. Extensive research in the literature 

revealed that this study is the first to investigate the 

performance of cross-linked Ch-A biocomposite in the 

removal of EB dye. The effects of initial EB concentration, 

pH, contact time, adsorbent dose, and temperature on the 

adsorption process were investigated. Furthermore, the 

adsorption mechanism was explained using isotherm and 

kinetic models and the adsorption capacity for EB dye was 

evaluated. The findings demonstrated that Ch-A 

biocomposite is an effective, environmentally friendly, and 

cost-effective alternative adsorbent for the removal of EB 

dye. 

2 Materials and Method  

2.1 Chemicals  

The EB (C20H6I4Na2O5) dye was purchased from Merck 

(Germany). The chemical structure of EB was given in Fig. 1. 

Medium molecular weight Ch, A, epichlorohydrin (ECH), 

NaOH, sodium tripolyphosphate (NaTPP), KNO3, and HCl, 

were obtained from Sigma-Aldrich.  

 

Fig. 1 Chemical structure of EB 

 

2.2 Preparation of Ch-A biocomposite beads 

In the synthesis of Ch-A biocomposite beads, the method of 

(Şenol 2021) was followed. Then, the Ch-A biocomposite 

was ground into powder and stored. 

2.3 Batch adsorption experiments  

The batch experimental conditions are given in Table 1. The 

EB dye concentration was determined at 528 nm (Kaur and 

Datta 2013) in a UV–vis spectrophotometer. Removal% and 
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Q adsorbed amount of EB dye (mg g-1) were calculated using 

Eq. 1 and Eq. 2.  

𝑅𝑒𝑚𝑜𝑣𝑎𝑙% = [
𝐶𝑖−𝐶𝑓

𝐶𝑖
] 𝑥100 (1) 

𝑄 = [
𝐶𝑖−𝐶𝑓

𝑚
] 𝑥𝑉 (2) 

Table 1. Experimental conditions 

3 Results  

3.1 FT-IR and SEM-EDX analysis 

The FT-IR spectra of Ch, A, and the Ch-A biocomposite are 

shown in Fig. 2. The broad band observed in the FTIR 

spectrum of chitosan (Ch) between 3656 and 3010 cm⁻¹ is 

attributed to the stretching vibrations of N-H and O-H. The 

peaks observed at 2882, 1619, and 1538 cm⁻¹ are attributed to 

the stretching of the C-H bond, the bending of the N-H bond, 

and the bending of the primary amine N-H bond, respectively 

(He et al. 2023) (Benhouria et al. 2023). The distinctive peaks 

of chitosan at 1438, 1329, and 1032 cm⁻¹ are attributed to C-

O stretching, and C-H bending, (Tran et al. 2023) (Meng et 

al. 2023) (Şenol and Şimşek 2020). The broad band observed 

in the FT-IR spectrum of alginate between 3676 and 2975 

cm⁻¹ is attributed to O-H group stretching vibrations. The 

peak at 2914 cm⁻¹ is attributed to C-H stretching, while the 

peaks at 1599 and 1407 cm⁻¹ are assigned to COO- group 

stretching vibrations. The peak at 1081 cm-1 is associated 

with C-H bending, and the peak at 1028 cm⁻¹ corresponds to 

C-O stretching vibrations (Nandanwar et al. 2023) (Wen et al. 

2024) (Khapre, Pandey, and Jugade 2021). The FT-IR 

spectrum of the Ch-A biobiocomposite displays the presence 

of characteristic peaks at 2882, 1619, and 1538 cm⁻¹, which 

are associated with chitosan, and peaks at 1407, 1081, and 

1028 cm⁻¹, which are characteristic of alginate. The 

appearance of these peaks serves as confirmation that the 

synthesis of the biocomposite was accomplished. 

The FT-IR spectra of the Ch-A biocomposite are presented in 

Fig. 2, illustrating the spectra of the biocomposite before 

adsorption and after the adsorption of the EB dye. A 

comparison of the FT-IR spectra of the EB-loaded Ch-A 

biocomposite with that of the unloaded Ch-A spectrum 

reveals notable differences. Following the adsorption of EB 

dye molecules, alterations in the position and intensity of the 

characteristic peaks of Ch-A can be ascribed to the 

electrostatic interaction between the EB dye molecules and 

Ch-A bio. Furthermore, the emergence of new peaks in the 

FT-IR spectrum of EB-loaded Ch-A at 645 cm⁻¹ and 1326 

cm⁻¹ can be attributed to the C-I stretching vibration of the 

EB dye (Ramalakshmi, Murugan, and Jeyabal 2022) and the 

C-H deformation of the xanthene ring (Kaur and Datta 2013), 

respectively. The broadband for O-H and N-H seen around 

3200-3500 cm-1 has shifted and increased in intensity due to 

the hydrogen bonding of EB and biocomposite. It was 

observed that the intensities of amide I and amide II bands 

increased around 1650 cm-1 and 1560 cm-1, which indicates 

the interaction of the biocomposite with EB dye. The 

increases in the intensity of the peaks seen around 1600 cm-1 

and 1400 cm-1 corresponding to the carboxylate groups 

indicate the interaction of the carboxylate groups of alginate 

with EB dye and were evaluated as evidence for EB dye 

adsorption.  

The structures constituting the Ch-A biocomposite and its 

components and the SEM images and EDX spectra after EB 

adsorption are presented comparatively in Fig. 3(a-d). The 

SEM images revealed that chitosan possesses a porous 

surface (Fig. 3(a)), whereas alginate exhibits a rough and 

porous structure (Fig. 3(b)). The SEM image of the Ch-A 

biocomposite (Fig. 3(c)) has a completely different 

morphology from its components. After EB adsorption, there 

is a significant change in the surface morphology of the Ch-

A biocomposite and its surface appears to have become 

smoother (Fig. 3(d)). This may be due to surface 

complexation. EDX spectra showed that Ch contained C, N, 

and O (Fig. 3(e)), while alginate contained C, O, and Na (Fig. 

3(f)). The Ch-A biocomposite showed that both Ch and 

alginate contained C, N, O, and Na elements (Fig. 3(g)). The 

EDX data of the Ch-A biocomposite after EB adsorption (Fig. 

3(h)) confirms the adsorption of the dye, as does the presence 

of iodine, which is not present in the elemental composition 

of Ch-A. 

3.2 Effect of pH of EB dye solution 

Adsorption efficiency is strongly dependent on the pH of the 

solution medium. The pH of the solution medium is affected 

by the surface properties of the adsorbent and the ionization 

of the dye molecules. The pH effect on the adsorption of EB 

dye molecules onto the Ch-A composite was investigated in 

the pH range of 2.0-12.0 (Fig. 4). EB is an acidic dye and 

since the functional groups of acidic dyes are anionic, they 

release negative charges to their aqueous solutions. Acid dyes 

have chromophore groups with negative electrical charges. At 

acidic pH values, the adsorbent surface is positive due to the 

high concentration of H+ ions. This increases the electrostatic 

interaction between the adsorbent and the anionic dye 

molecules. In acidic conditions, the electrostatic interactions 

between the positively charged adsorbent surface and the 

COO- groups of the EB dye molecules play an important role 

in the adsorption process. Therefore, the adsorption efficiency 

was found to be high at pH: 2.0. In the pH range of 4.0-12.0, 

it was observed that the adsorption efficiency gradually 

decreased. With increasing pH values, the number of 

negatively charged sites on the adsorbent surface increases 

and the number of positively charged sites decreases. The 

lower adsorption efficiency under alkaline conditions is due 

Aim of 

experiment 

pH [EB]0 

(mg L-1) 

m 

(g L-1) 

t 

(min) 

T 

(0C) 

Effect of pH 2.0-12.0 500 5 1440 25 

Effect of 

concentration 

6.5 10-1000 5 1440 25 

Effect of time 6.5 500 15 2-

1440 

25 

Effect of 
adsorbent 

dose 

6.5 500 1, 3, 
5, 10 

1440 25 

Effect of 
temperature 

6.5 500 5 1440 5, 25, 
40 
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to the competition between anionic EB dye molecules and 

OH- ions for adsorption sites. The surface of the adsorbent 

was negatively charged at basic pH values, which hindered 

the adsorption of anionic EB dye molecules by electrostatic 

repulsion (Pan and Zhang 2009). In addition to the 

electrostatic interactions between the Ch-A composite 

adsorbent and anionic EB dye molecules, intermolecular 

interactions such as physical forces such as hydrogen bonding 

also occur (Ansari and Mosayebzadeh 2010). The surface 

charge of the adsorbent was found by point of zero charge 

(pHpzc) analysis (Şenol et al. 2024). The surface charge of 

the Ch-A composite adsorbent was found to be 4.59 (Fig. 4). 

The Ch-A composite will be positively charged in solutions 

with pH below the pHpzc value and negatively charged in 

solutions with pH above it. At strong acidic pH values 

(pH<pHpzc), the adsorbent surface will be positively charged 

and the anionic EB dye adsorption efficiency will increase. At 

basic pH values (pH>pHpzc), hydroxyl ions deprotonate all 

nitrogen atoms in the Ch-A composite adsorbent and the 

surface charge becomes significantly negative. In this case, 

the adsorption efficiency also decreased. These two sets of 

findings were in agreement with the predicted framework for 

the pH effect on the removal of EB dye molecules onto the 

Ch-A biocomposite. 
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Fig. 2 FT-IR spectrum of Ch, A, Ch-A, and EB adsorbed Ch-

A biocomposite 

 

Fig. 3 SEM morphologies of Ch (a), A (b), Ch-A (c), and EB 

adsorbed Ch-A (d) and EDX spectra of Ch (e), A (f), Ch-A 

(g), and EB adsorbed Ch-A (h) 
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Fig. 4 Effect of pH and pHpzc for Ch-A 

 

3.3 Effect of the biocomposite dose  

The efficiency of dye removal from wastewater is contingent 

upon the number of active adsorption sites on the adsorbent 

surface. The determination of the optimal quantity of 

adsorbent to be employed represents a pivotal element in the 

evaluation of the cost per unit of dye solution (Elgarahy et al. 

2021). The impact of varying concentrations of Ch-A (1-20 g 

L⁻¹) on the adsorption of EB dye molecules was examined 

while maintaining other experimental variables at a constant 

level. Fig. 5 illustrates the relationship between the 

percentage removal of EB dye and the adsorption capacity of 

Ch-A concerning the adsorbent amount. The increase in the 

amount of Ch-A resulted in a notable enhancement in the 

percentage removal of EB dye, rising from 88% to 94% (Fig. 

5). This increase can be attributed to the proportional rise in 

the number of active binding sites and surface area with the 

greater amount of Ch-A. Consequently, anionic EB dye 

molecules are more readily retained by the active centers on 

the Ch-A surface (Şen and Şenol 2023b). Nevertheless, the 

augmented Ch-A quantity resulted in a reduction in the 

quantity of EB dye adsorbed per unit. This reduction can be 

attributed to the fact that the increased number of active sites 

on Ch-A may not have reached saturation with the EB dye 

molecules, resulting in the clustering of adsorption sites and 

longer diffusion distances. The highest adsorption capacity 

identified was achieved with a 1 g L-¹ adsorbent dose (Ezeh 

et al. 2017). 

0 2 4 6 8 10 12
0

20

40

60

80

100

120

0

20

40

60

80

100

Q (mg g
-1)

Removal%

Adsorbent dose / g L
-1

Q
 /

 m
g

 g
-1

R
e

m
o

v
a

l 
%

 

Fig. 5 Effect of the biocomposite dose 

 

3.4 Modeling of Adsorption Process 

In this study, Langmuir (Langmuir 1918), Freundlich 

(Freundlich 1907), and Dubinin-Radushkevich (D-R) (Dada 

2012) isotherm models, were applied to the experimental 

data. The adsorption behavior of EB dye on Ch-A composite 

was analyzed using isotherm models and the fit of the 

isotherm plots is presented in Fig. 6. The derived isotherm 

parameters are listed in Table 2. Fig. 6 shows that the 

adsorption efficiency of EB dye is high at low concentrations 

due to the presence of vacant active sites on the surface of the 

Ch-A biocomposite. However, at higher concentrations, these 

active sites are filled and the adsorption efficiency decreases 

and eventually, equilibrium is reached. When the R2 values 

from the Langmuir and Freundlich isotherm models are 

compared (Fig. 6, Table 2), it is seen that the adsorption is in 

good agreement with the Langmuir isotherm model. The 

maximum adsorption capacity obtained from this model is 

319 mg g-1 and the Langmuir constant is 0.00227 L mg-1. The 

high adsorption capacity of the Ch-A biocomposite indicates 

its potential as an effective adsorbent for removing EB dye 

from wastewater. According to the Freundlich isotherm 

model, the adsorption capacity (XF) was found to be 0.113 

and the surface heterogeneity factor (β) was found to be 

0.908. The adsorption energy calculated from the D-R model 

indicates that the adsorption process is physical. A 

comparison of the EB dye adsorption capacities of various 

adsorbents (Table 3) shows that the Ch-A composite exhibits 

a relatively high sorption capacity (319 mg g-1). 
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Table 2. Isotherm parameters  

Isotherm model Parameter Value 

𝐋𝐚𝐧𝐠𝐦𝐮𝐢𝐫 

Q =
QLCe

1 + KLCe
 

QL (mg g-1) 319 

KL x103 (L mg-1) 2.27 

R2 0.991 

𝐅𝐫𝐞𝐮𝐧𝐝𝐥𝐢𝐜𝐡 

Q = XFCe
β
 

XF 0.113 

β 0.908 

R2  0.989 

D-R 

Q = XDRe−(KDRε2) 

ε = RTln (1 +
1

Ce
) 

𝐸𝐷𝑅 = (2𝐾𝐷𝑅)−0.5 

XDR (mg g−1) 774 

-KDRx109/mol2 KJ−2 8.31 

EDR/kJ mol−1 7.76 

R2 0.977 

 

Table 3. Comparison of adsorption capacity for adsorption of 

EB dye on various adsorbents reported in the literature 

 

 

3.5 Effect of contact time  

In the adsorption process, it is vital that the adsorption reaches 

equilibrium in a short time. Kinetic studies help us predict the 

mechanism of the adsorption process at the solid-liquid 

interface. In the adsorption process, the solution transfer at the 

solid-liquid interface is expressed as either external mass 

transfer (boundary layer diffusion), intraparticle diffusion, or 

both. In general, three steps accompany the adsorption 

process; i) transport of the adsorbate from the bulk solution to 

the external surface of the adsorbent via the liquid film ii) 

diffusion of the adsorbate into the pores of the adsorbent iii) 

sorption of the adsorbate from the pores of the adsorbent to 

the inner surface of the capillary cavities. The third step is 

considered as an equilibrium reaction. The third of these three 

steps is assumed to be fast and negligible.  

Upon examining the adsorption kinetics presented in Fig. 7, 

it is observed that the adsorption of EB dye increases with 

contact time. Adsorption efficiency increases rapidly until the 

first 300 minutes. After the 300 minutes, it is seen that the 

adsorption rate decreases and reaches equilibrium. The high 

adsorption rate observed in the first 300 minutes is due to the 

number of vacant active centers on the Ch-A composite 

surface. As a result, the interactions between the EB dye 

molecules in the solution and the active centers on the Ch-A 

composite surface have increased. Over time, the number of 

active centers has decreased due to the attachment of EB dye 

molecules to the vacant active centers on the Ch-A composite 

surface. This causes the adsorption rate to decrease after the 

300 minutes. To study the effect of contact time on the 

adsorption process in detail, the kinetic data were analyzed as 

pseudo-first-order (PFO) (Ho and McKay 1998), pseudo-

second-order (PSO) (Ho and McKay 1999)  and intraparticle 

diffusion (IPD) (Wu, Tseng, and Juang 2009) the fit to the 

velocity models were investigated (Fig. 7). 

The parameters obtained from the fit of PFO, PSO, and IPD 

kinetic models are summarized in Table 4. When the kinetic 

parameters in Table 4 are examined, it is seen that the 

adsorption process provides a better fit to the PSO kinetics. In 

addition, the experimental Qt values and the theoretically 

calculated Qe values are much closer to each other, which 

reveals the fit of the PSO model. In addition, the 

multicollinearity observed in the IPD plot indicates that the 

adsorption process involves two or more steps. Therefore, the 

adsorption of EB dye on the Ch-A composite can be described 

using both PSO and IPD models instead of a single kinetic 

model. 
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0,0 0,2 0,4 0,6 0,8 1,0

Experimental

Langmuir

Freundlich
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
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-9

C / mg L
-1

 

Fig. 6 Adsorption isotherms 

 

Adsorbent pH Q/ mg g-1  Reference 

Montmorillonite 7.5 578.03 (Kaur and 

Datta 2013) 

Pumpkin seed hulls - 16.4 (Carmen 

Apostol et al. 

2016) 

Chitosan/ hydrogel SiO2 

hybrid material 

- 71.27 (Copello et al. 

2011) 

Chitin/hydrogel SiO2 

hybrid material 

- 131.98 (Copello et al. 

2011) 

Crystal violet modified 

montmorillonite 

- 123.18 (Rytwo et al. 

2006) 

Bottom ash and de-oiled 

soya 

2.0 16.17 and 

9.52 

(Mittal et al. 

2006) 

Sugarcane bagasse 9.0 500 (Sharma and 

Kaur 2011) 

TiO2 and ZnO surfaces 5.0-

6.8 

17.54 and 

3.06 

(Hasnat et al. 

2007) 

Cross-linked lysozyme 

crystals 

- 70.39 (Cvetkovic et 

al. 2005) 

Hen feathers 3.0 15.43 (Gupta et al. 

2006) 

Ch-A biocomposite 6.5 319 This study 
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Fig. 7 Adsorption kinetics 

 

Table 4. Kinetic parameters  

Kinetic model Parameter Value 

PFO Qt/mg g-1 13.2 

Qt = Qe[1 − e−k1t] Qe/mg g-1 10.8 

𝐻1 = 𝑘1𝑄𝑒 k1 x103/min-1 13.9 

 H1x103/mg g-1 min-1 150 

 R2 0.883 

PSO Qt/mg g-1 13.2 

Qt =
t

[
1

k2Qe
2] + [

t
Qe

]
 

Qe/mg g-1  

k2 x103/mg-1 g min-1 

H2x103/mg g-1 min-1 

12.4 

1.36 

209 

𝐻2 = 𝑘2𝑄𝑒
2 R2 0.951 

IPD ki x103/mg g-1 min-0.5 3143 

𝑄𝑡 = 𝑘𝑖𝑡0.5 R2 0.978 

 

3.6 Effect of temperature  

An investigation into the effect of temperature on adsorption 

allows insights to be gained into the thermodynamic 

parameters, which in turn facilitate an understanding of the 

process's feasibility and efficiency. To elucidate the nature of 

EB dye adsorption by Ch-A and its relationship with 

temperature, thermodynamic studies were conducted at 278, 

298, and 313 K. The resulting data enabled the calculation of 

thermodynamic parameters, including enthalpy change 

(ΔHo), Gibbs free energy (ΔGo), and entropy change (ΔSo), 

using the following equations (Eq. 3-6) (Lima et al. 2019). 

   𝐾𝑑 =  
𝑄

𝐶𝑒
  (3) 

  ∆𝐺° = −𝑅𝑇𝑙𝑛(𝐾𝑑) (4) 

  𝑙𝑛𝐾𝐷 =  
∆𝑆°

𝑅
−

∆𝐻°

𝑅𝑇
 (5) 

   ∆𝐺𝑜 = ∆𝐻𝑜 − 𝑇∆𝑆𝑜 (6) 

Here, KD represents the equilibrium adsorption rate constant 

(L mol-¹),  R denotes the universal gas constant (8.314 J mol-

¹ K-¹), and T stands for the absolute temperature (K). The ΔHo 

and ΔSo parameters were calculated from the slope and the 

intercept of the line obtained from the lnKD-1/T graph, which 

was drawn using the Van't Hoff equation, respectively (Fig. 

8). The resulting values are presented in Table 5. The negative 

value of ΔH° (-15.4 kJ mol-1) indicates that the adsorption of 

the EB dye onto Ch-A is exothermic and occurs physically. 

In general, ΔH° values in the range of -2.1 to -20.9 kJ mol-1 

are indicative of physical adsorption, while values between -

80 and -200 kJ mol-1 are indicative of chemical adsorption 

(Nannu Shankar et al. 2023). The positive ΔS° value (46.6 J 

mol-¹ K-¹) indicates that during the adsorption of EB onto Ch-

A, there is an increase in the degrees of freedom at the solid-

liquid interface. This can also be attributed to the high affinity 

of Ch-A for the EB dye molecules. As demonstrated in Table 

3, the negative ΔG° values at varying temperatures indicate 

that the adsorption process of the EB dye is both feasible and 

spontaneous, with favorable outcomes. Furthermore, the 

reduction in ΔG° values with rising temperature indicates that 

elevated temperatures serve as a driving force for adsorption 

(Akdemir et al. 2023). Furthermore, the observed increase in 

ΔG° values with rising temperature indicates that a greater 

driving force is required for adsorption at higher 

temperatures. 
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Fig. 8 The effect of temperature 

 

 Table 5. Thermodynamic parameters 

 

 

T 

(oC) 

ΔH0 

(kJ mol-1) 

ΔG0 

(kJ mol-1) 

ΔS0 

(Jmol-1 K-1) 

 

R2 

5  

-15.4 

-28.4  

46.6 

 

0.999 25 -29.3 

40 -30.1 
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3.7 Possible removal mechanism 

Fig. 9 shows the possible interactions between Ch-A 

biocomposite and EB dye molecules. The adsorption process 

of anionic EB dye molecules with Ch-A biocomposite is 

accompanied by multiple mechanisms such as H-bonding and 

electrostatic interactions. Amine groups on the surface of the 

Ch-A biocomposite can be easily protonated and anionic EB 

dye molecules can be bonded by electrostatic interaction. In 

addition, H-bonding can occur between electronegative 

groups of dye molecules and active centers on the surface of 

Ch-A biocomposite. In this study, electrostatic interactions 

and H-bonding were important factors in the entire adsorption 

process. 

 

Fig. 9 Possible interactions of EB dye onto the Ch-A  

5 Conclusion  

In this study, the removal of EB dye from an aqueous solution 

was investigated using Ch-A biocomposite. Maximum 

adsorption capacity was achieved at pH 6.5 at 25 oC. The 

maximum adsorption capacity of the Ch-A biocomposite for 

EB dye was found to be 319 mg g-1 at 25 °C (R2 values, 

Langmuir isotherm model). Thus, the results fitted best the 

Langmuir model. The adsorption energy showed that 

adsorption was physical. Adsorption kinetics showed that the 

adsorption process followed the PSO and IPD patterns. 

Adsorption thermodynamics showed that the adsorption 

process is endothermic, entropy-increasing, and spontaneous. 

All obtained results showed that the Ch-A biocomposite will 

be an alternative, effective, and efficient adsorbent material 

for the removal of colored pollutants from wastewater. 
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