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ABSTRACT: Untreated wastewater disposal containing synthetic dyes produces serious problems 

in the environment. Industrial wastewater containing dye requires treatment by a suitable process 

before discharging into the environment. The present study has been performed as batch 

experimental study. Nanochitosan was synthesized from the Persian Gulf shrimp shell. The effect of 

the various parameters including pH, initial concentration of the RB29 dye, the equation contact 

time, and the adsorbent dosage as well as isotherm, thermodynamic and kinetic of the adsorption 

process were evaluated. The results of this study demonstrated that the maximum adsorption 

capacity of the nanochitosan, which occurred in pH=4, adsorbent dosage of 0.2 g/L,  

the concentration of 50 mg/L of RB29 dye and during 90 minutes, was 113.22 mg/g. Temkin and 

Dubinin-Radushkeish isotherms and pseudo second order kinetic equations have shown better 

results for describing the adsorption process. The entropic changes (ΔS°) and enthalpy changes (ΔH°) 

were 36.65J/mole K and 6.43 kJ/mole respectively. Also the Gibbs free energy (ΔG) was negative. 

Therefore nanochitosan can be used as a suitable low cost adsorbent for removal of RB29 dye from 

aqueous solutions. 
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INTRODUCTION 

The textile industry produces an important 

environmental problem due to consuming the huge 

amounts of water. Approximately, 200 to 350 m3 water  

is consumed for producing one ton of textile production [1].  

 

 

 

It is estimated that more than 10000 dyes are used  

in the textile industry. The concentrations of dyes in textile 

wastewater depending on type of coloring processes are 

in range of 100 to 100000 mg/L [2]. The global annual  
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production of dye is more than 700000 tons, and 

approximately 2% of dyes are discharged into the 

wastewater [3]. Today, the synthetic dyes are used widely 

in the various industries including textile, leather, 

cosmetics, paper and paper-mill, inkjet printing, plastic, 

foods, medications, etc.[4] Regarding dyes are stable and 

resistant, and sometimes they are toxic, cancerous, and 

also mutagenic in human, discharging them into the 

environment leads to serious health, environmental,  

and aesthetic problems[5, 6]. Colors may interfere with 

antibacterial growth and prevent the photosynthesis of 

aquatic plants and also increase the Chemical Oxygen 

Demand (COD) of the water[7]. The presence of very 

small concentrations of dyes (less than 1 mg/L) in water 

is highly visible and is considered unpleasant[8]. Among 

the synthetic dyes, the azo dyes are used more than  

the others, and it is considered an important pollutant  

in the textile industries wastewater. Nearly, 50% of the 

global annual production of dye is the azo dyes [9]. 

The azo reactive dyes are specified by one or several nitrogen 

dual-band as azo bands. These dyes produce brighter 

dyeing, and also they have suitable dyeing rate, simple 

technique, and lower energy consumption. These dyes are 

water soluble and in the form of hydrolyzed. Therefore, 

they cannot be removed easily from the wastewater  

by common treatment processes [10]. Various methods 

including adsorption, coagulation, biodegradation and 

chemical synthesis have been used for treatment  

and decolonization of the colored wastewater [11].  

It has been reported that the reactive dyes have been adsorbed 

on the weak biomasses that have not degraded under  

the aerobic condition [12].  Coagulation process produces 

a lot of sludge and the cost of its sludge disposal is high. 

The process of the ion exchange is not adopted for wide 

range of the dyes and it has high cost. The membrane 

separation process affects the dye adsorption. However, 

some problems such as its relatively high investment and 

membrane fouling are its limitations for dye removal.  

The adsorption process is more suitable than the other 

methods, because it has lower cost, simpler design, 

efficiency, availability, effectiveness and lack of 

sensitivity to the toxic material [13]. Recently, it has been 

attempted that the cost-effective materials are used as 

adsorbent in the tertiary treatment of wastewater [14].  

In the nature, chitin is the second most abundant 

polysaccharide after cellulose [15]. The recent progresses 

in the field of nanotechnology have provided the 

opportunities for developing the water supply systems  

for next generations. In the recent years, the highly efficient, 

modular, and multidisciplinary processes are provided by 

nanotechnology. By less rely on large infrastructure,  

it is expected that the nanotechnology provides efficient 

solution for treatment of water and wastewater. 

Nanotechnology not only has overcome the major 

challenges in the available treatment technology, but also 

it provides a new capacity for treatment the unusual water 

resource and its economic usage [16]. Compare to 

auxiliary micro-sized devices which are used in the 

separation process, the nano-sized adsorbents have 

suitable function due to the high surface area, small size, 

and the quantum size [17]. Nanochitosan prepared  

by using the usual coagulation reaction between amine 

groups with the positive charge of chitosan to ions of 

sodium tripolyphosphate with negative charge [18].  

The size and the dosage are important parameters for 

adsorption of the pollutants onto nanochitosan as  

an adsorbent. These factors determine the adsorbent capacity 

for given initial concentration of adsorbent. Nanochitosan 

has high load density than the other coagulants.  

The density of the load of this polymer increases by its higher 

adsorption which confirms the rapidly destabilization of 

the particles. Also, nanochitosan can be used as 

environmental compatible material for wastewater 

treatment [19]. The main methods for preparing the 

nanochitosan include: linked emulsion, mixture of 

emulsion/ drop, gelatin/ion therapy, sequestration/ 

density, reverse micelle, template polymerization,  

and self-made molecular method [20]. Guo et al. removed 

the dye by using the bentonite-modified Chitosan [21].  

Travlou et al. removed the reactive dyes by using  

the Chitosan composite/ graphene oxide [22]. Also,  

W Ngah et al. [23] and Mahmoodi et al. [24] removed  

the dye by using the modified chitosan. The characteristics 

of the reactive blue 29 dye have been shown in the Table 1.  

In this study, the removal of RB29 dye was investigated 

using Nanochitosan as an adsorbent.  

 

EXPERIMENTAL SECTION 

This is an experimental practical study that has been 

performed as batch condition. In this study, the function 

of nanochitosan as an adsorbent for removing the RB29 dye 

from the aqueous solution in the lab scale has been studied. 
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Table 1: The characteristics of the RB29 dye [25]. 

Chemical structure 

 

Symbol RB29 

Chemical formula C29H15C12N5Na2O9S2 

The Wavelength of maximum adsorption λmax (nm) 589 

Molecular weight g/mole 788 

 

The commercial RB29 dye with molecular weight 788 g/mole 

was purchased from the Sigma Aldrich Company and  

it has been used without further purification. Also, sodium 

tripolyphosphate with molecular weight of 367.86 mg/mole 

and purity 57-59% was purchased from Scarlau 

Company. In addition, in this study the required chemical 

materials including acetic acid, NaOH, and HCl were 

bought from the Merck Company. The images of the 

Scanning Electron Micrographs (SEM) with high 

magnification and resolution were prepared for 

investigating and observing the samples, and also X-ray 

Diffraction (XRD) spectroscopy with X' Pert Pro system 

was prepared from Panalytical Company for analyzing 

the structural properties of adsorbent such as size and 

shape of the nanochitosan.  

 

Synthesis and preparation of the adsorbent 

The shell of the shrimp as fishery waste of the caught 

shrimp was prepared by the Persian Gulf Fishery. Chitin 

has been prepared during two main steps including 1) 

demineralization: completely removing minerals with 

diluted mineral acid, 2) deproteinization: to remove the 

organic materials [26]. Demineralization has been 

doneduring 15 min at the room temperature in the 

presence of HCl 0.25 molar (the ratio of solid to liquid 

1/40 (w/v)), and also deproteinization has been performed 

with 1 molar NaOH at the temperature of 70° C during  

24 hours[27]. In the next stage, Chitosan was extracted from 

chitin by NaOH 70% [28]. According to the Tang et al 

studies [17], nanochitosan was synthesized as follow:  

20 mg of Chitosan solved in 40 mL acetic acid 2.5% (v/v), 

then 20 mL of sodium tripolyphosphate with 

concentration of  0.75 mg/mL was added gradually  

to the shaking acetic acid solution. The rate of shaker  

was set at 240 rpm for preparing the nanochitosan. Nanochitosan 

were produced as milky suspension. After that the top 

layer of the suspension was discarded, then the solution 

was centrifuged at 5000 rpm. At all the stages, the jelly 

material was dried in the desiccator at the room 

temperature. Then it was Powdered.  

 

Adsorption experiments  

After preparing the RB29 dye stock solution,  

the solutions with primary concentration of 10, 20, 30, and 

50 mg/L have been made by diluting the solution.  

The effect of various parameters including pH, the initial 

concentration of the dye, adsorbent dose, the contact 

time, and the effect of temperature on the adsorption 

process were investigated. Also, isotherms, 

thermodynamic, and kinetic process were evaluated.  

The range of each variable parameter including various 

initial concentration of RB29 dye (10-50 mg/L), pH (3-9), 

and different doses of nanochitosan (0.2-0.75 g/L)  

had been studied at different contact times (2-90 minutes).  

At the all steps of the experiment, the effect of each 

parameter was investigated by the variation of the 

considered parameter and the other invariables. Then  

the isotherm models of Langmuir, Freundlich, Temkin, 

and Dubinin- Radushkevich were determined. The optimized 

concentration of dye and the optimized adsorbent dosage 

were selected, and the pH of the solutions was set on the 

optimized pH for evaluating the effect of the temperature 

on the efficacy of the adsorption process. The RB29 

solutions were stirred at the 15, 30, 40, and 50° C during 

90 minutes at incubator's shaker. At the end,  

the Erlenmeyer flasks were removed and the samples 
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were centrifuged and filtered by two filters with pore size 

of 0.2 µm. The final concentration of the RB29 dye  

was determined by +UV/VIS Spectrometer T80 at wavelength 

of 589 nm. The adsorption capacity of nanochitosan  

was calculated by the nanochitosan with the following equation:  

 o e
e

C C V
q

M

 
                                                         (1) 

Where: 

qe: equilibrium amount of adsorbent (mg /g) 

C0: initial concentration of the RB29 (mg/L) 

Ce: final concentration of the RB29 (mg/L) 

M: mass of the adsorbent (g) 

V: volume of the solution (L) 

Equations (2) and (3) were used for determination  

the adsorption thermodynamics:  

cG RTLnK                                                               (2) 

Where:  

ΔG ̊: the Gibbs free energy changes (kJ/mole)  

R: universal gas constant equal to 8.314 J/mole K 

T: temperature (K)  

Kc: thermodynamic equilibrium constant  

c

S H
LnK

R RT

 
                                                         (3) 

Where: 

ΔS°: standard entropy changes 

ΔH°: standard enthalpy changes  

After calculating the thermodynamic equilibrium 

constant for different temperatures and related free 

energy, the diagram ln Kc against 1/T was plotted.  

The slope and intercept of the chart were used for 

determination of ΔS and ΔH, respectively. 

Also in this study Freundlich and other isotherms 

including Langmuir were used for describe the adsorption 

behavior of dye molecules onto adsorbent materials. 

Equations (4) and (5) are linearized form of Langmuir 

and Freundlich isotherms respectively: 

e e

e max max

c C

q q k q
 

 1

1
                                                   (4) 

e e fLnq LnC Lnk
n

 
  
 

1
                                              (5) 

Where: 

qe: equilibrium concentration of dye in the solid phase 

(mg/g) 

qmax: maximum adsorption capacity (mg/g) 

kl: adsorption equilibrium constant (L/mg) 

kf: Freundlich constant (mg1-1.n Ll/n /g) which 

demonstrates the adsorption capacity, and  

n: constant which shows the severity of the 

adsorption.  

 For investigating the equilibrium data, two common 

models of kinetic (pseudo first order and pseudo second 

order) were used for studying the kinetic of adsorption. 

The correlation coefficient (R2) has been considered  

as a criterion for agreement between the experimental 

data and two suggested models.  

The pseudo first order kinetic or equation (Lagergren 

1898) is as follow:  

 e t e

k
Log q q logq t

.
   1

2 303
                                     (6) 

Where: 

qe: the rate of the adsorbed material on the adsorbent 

in the time t according to mg/g.  

qt: the rate of the adsorbed material on the adsorbent 

in the equilibrium time according to mg/g. 

k1: the adsorption rate constant pseudo first order 

kinetic (L/min) 

The chart of Log (qe – qt ) against t is used for 

determining the k constant and qe.  

 

The pseudo second order kinetic (Ho and Mckay 

2000) is as follow:   

ee

t t

qt qk q
 

2
2

1
                                                             (7) 

k2: is the constant adsorption of the pseudo second 

order kinetic (g/ (mg/min)). The diagram of t/qt against  

t has been used for obtaining the rate parameters.  

The amounts of qe and k2 were determined by calculating 

the slope and the intercept of this diagram. 

 

RESULTS AND DISCUSSION 

Specification and characterization of the synthesized 

nanochitosan 

Scanning electron microscope (SEM) is a main and 

powerful magnification tool for study of the 

morphological structure of adsorbents. Fig. 1 shows  

the SEM image of nanochitosan. Regarding to this figure, 

nanochitosan have sheet structure.  
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Fig. 1: Scanning electron microscope (SEM) image of 

nanochitosan. 

 

Fig. 2 demonstrates the XRD of nanochitosan by X' pert 

Pro system which was prepared by Panalytical Company. 

XRD of chitosan indicates the two obvious peaks in 2θ= 10 ̊ 

and 2θ=20 ̊ which has been shown in the Fig. 2(a).  XRD of 

nanochitosan indicates two wide peaks in the 2θ=11 ̊ and 

2θ=20-25 ̊ which states the changes in the peaks of chitosan 

to wider peaks in the nanochitosan. Also, it shows increased 

non-crystallized form and decreased crystallized structure of 

chitosan after cross-linking to sodium tripolyphosphate. 

Crystallization of chitosan is a key parameter for accessing 

its internal sites[17]. 

 

Effects of pH 

In this study, the effect of pH of the solution with  

the range of 3 to 9 on the rate adsorption of the RB29 dye 

was evaluated by nanochitosan. Fig. 3 shows the results of  

the effect of pH on the adsorption of RB29 dye by nanochitosan.  

According to Fig. 3, adsorption of the RB29 dye onto 

nanochitosan at the concentration of 10 mg/L and pH=4 is 

47.16 mg/g. The results of this Figure shows that 

nanochitosan in pH=4 has the most adsorption capacity, and 

the adsorption capacity has decreased at higher pHs.  

Chiou et al. (2003) concluded that the capacity of the dye 

adsorption onto chitosan decreases at higher pHs.  

In the lower pH, however more protons are available  

for protonation of the amine groups of the nanochitosan 

molecules in the form of –NH3+. As a result, the electrostatic 

attraction between molecules of dye and adsorption sites  

is increased and it results in dye adsorption [29]. The results 

of the Zhu et al. [30] and also Sun et al. [31] and Naddafi et 

al. [32]  are agreement to the result of the present study. 

Effect of contact times and initial concentrations 

Fig. 4 indicates the results of initial concentrations 

and contact times for adsorption of RB29 dye on to 

nanochitosan. 

According to Fig. 4, the adsorption capacity in the all 

concentrations would be balanced after 90 minutes.  

After 90 minutes, the rates of adsorption for adsorbent mass 

in the concentrations of 10, 20, 30, and 50 mg/L are 25.02, 

49.98, 70.38, and 113.32 mg/g, respectively. With regard 

to the obtained results from the diagram, the adsorption 

capacity has been increased by increased contact time; 

however, it has been balanced in the all concentrations  

in 90 minutes. Dawood et al. (2002) in their study concluded 

that the adsorption capacity in the all concentrations 

increased at higher contact times, and the equilibrium  

was achieved after 100 minutes. For this reason, the primary 

dye provides kinetic force between solid and liquid 

phases for overcoming the mass transfer. Also,  

in the primary period of the exposure the dye adsorption is 

very fast on the powered pine cones by using adsorption; 

however, it become slower over the time[33]. 

 

Effect of adsorbent mass 

The results of adsorbent dose (0.2-0.75 g/L) on 

adsorption of RB29 dye onto nanochitosan have been indicated 

in the Fig. 5.  

With regard to the results of this experiment and  

the diagram of the adsorption capacity for the mass  

of adsorbent, it is observed that the adsorption capacity  

is decreased by higher dose of adsorbent. The most 

adsorption capacity was in the adsorbent dose of 0.2 g/L. 

therefore, this adsorbent dose was selected as optimized 

dose in the experiments. The results demonstrated that the 

adsorption capacity of nanochitosan is decreased by 

increasing mass of adsorbent. Sulak et al in their study 

(2007) obtained the similar results [34]. There is two 

reasons for this phenomenon: 1) increased mass of 

adsorbent in the stable concentration and volume of dye 

causes unsaturated adsorption sites, and 2) decreased 

capacity of adsorbent may be due to particle aggregation 

result from higher mass of adsorbent[35].  

 

Adsorption isotherms 

The results of the calculations for isotherms factors of 

Freundlich, Langmuir, Temkin and Dubinin- 

Radushkevich has been shown in the Table 2. With 
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Fig. 2: X-ray diffraction (XRD) of (a) chitosan and (b) nanochitosan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: The effect of the pH of the solution on the RB29 dye 

adsorption by nanochitosan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: The Effect of contact times and initial concentrations 

on adsorption of RB29 by nanochitosan. 

 

regard to the comparison between R2 factors as well as 

other parameters, the adsorption of RB29 dye by 

nanochitosan follows isotherm of Temkin and then 

Dubinin- Radushkevich.  

Adsorption isotherms show that how an adsorbed 

molecule distributes between solid and liquid phases 

when the adsorption process reaches equilibrium. 

Analyzing the isotherm data by matching them to the 

various isotherm models is an important step  

for designing a model which can be used for this purpose. 

Also, it is vital for optimizing the adsorbent usage [36]. 

Isotherm of Langmuir explains one layer of absorbable 

article on the external layer of adsorbent; however, 

isotherm of Freundlich is used for describing  

the adsorbent features on the heterogeneous surface [37]. 

Temkin isotherm includes one factor which contains 

adsorbent- adsorbate interactions by ignoring the much 

higher and much lower rate of concentrations. This model 

proposed that the heat adsorption of all molecules has 

linear reduction instead of logarithmic procedure [38]. 

Isotherm of Dubinin- Radushkevich have been used  

for adsorption mechanism with Gaussian energy distribution 

on the heterogeneous surface[39]. With regard to the 

factors of the calculated isothermal models for adsorption 

process, the Temkin and Dubinin- Radushkevich 

isotherm models are more suitable than the other models 

for adsorption data at the studied concentration range 

with the amount of R2= 0.99. Elkady et al study also 

indicated that isothermal data is coincident to the results 

of the Temkin model, and this is agreement to the result 

of the present study[40].  

 

Effect of temperature and thermodynamic on the 

process 

Fig. 6 has been demonstrated the results of evaluating 

the solution temperature and thermodynamic parameters 
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Table 2: The factors of the isotherm models for RB29 dye adsorption by nanochitosan. 

Isotherms Constants Values 

Langmuir 

qmax (mg/g) 985.17 

KL (L/mg) 0.015 

RL 0.50 

R2 0.9 

Freundlich 

kf (mg/g) 19.43 

1/n 0.91 

n 1.09 

R2 0.91 

Temkin 

AT, L/mg 0.52 

bT (J/mole) 25.28 

B 98 

R2 0.99 

Dubinin-Radushkevich 

β, mole2/kJ2 3.357E-06 

E, kJ/mole 0.3859 

qm, mg/g 200.3024 

R2 0.99 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The effect of adsorbent dose on the rate of RB29 dye 

adsorption by Nanochitosan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: The linear plot of In Kd against l/T for adsorption of 

RB29 dye by nanochitosan. 

 

on the efficacy of the adsorption process of RB29 dye 

onto nanochitosan. With regard to the calculated parameters 

in the Table 3, the negative amounts of ΔG ̊ and the 

positive amounts of ΔS ̊ shows the spontaneous and 

endothermic adsorption reaction of the RB29 dye  

by nanochitosan. It is observed that increased temperature  

of the solution resulted in higher adsorption capacity  

of the dye.  

After calculating either the thermodynamic 

equilibrium constant for different temperatures or related 

free energy, the diagram of In Kd was drawn against l/T. 

The negative rate of ΔG states the spontaneous 

process of adsorption in the nature. However,  

the positive rate of ΔH° equal to 6.43 kJ/mole shows that 

the adsorption process is naturally endothermic[38].  

The positive rate of standard entropy changes of 
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Table 3: Calculated thermodynamic parameters of RB29 dye adsorption onto nanochitosan. 

Adsorbent T (K) qe (mg/g) 
Thermodynamics Parameters 

ΔG (kJ/mole) ΔH (kJ/mol) ΔS (J/mol K) 

Nanochitosan 

288 138.465 -4.18 

6.43 36.65 
303 142.22 -4.54 

313 152.955 -5.13 

323 157.785 -5.51 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Pseudo first order kinetic model for adsorption of the 

RB29 dye by nanochitosan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Pseudo second order kinetic model for adsorption of 

the RB29 dye by nanochitosan. 

 

ΔS ̊ equal to 36.65 J/mole K states that the freedom 

degree between solid and liquid phases has been 

increased during the adsorption[41] The result of the  

Tan et al research is in accordance with the result  

of the present study[17]. 

 

Adsorption kinetics 

Regarding to Figs. 7 and 8 as well as Table 4  

it is observed that with regard to the amount of the R2 factors 

in both two kinetics models the adsorption process  

is described better by  pseudo second order kinetic model.  

In the pseudo second order kinetic model,  

the adsorption capacity which has been calculated by  

the kinetic equations (qe,cal) is closer to the absorption 

capacity which has been obtained in the adsorption 

experiments (qe,exp). Also, the amount of the R2 factor  

in the pseudo second order kinetic model is higher  

than pseudo first order kinetic model. Therefore, 

 this shows that adsorption process is coincident to the 

pseudo second order kinetic model. The result  

of the previous study [42-43] are in agreement with the result  

of the present study.  

CONCLUSIONS 

In this study, nanochitosan has been synthesized from 

the shell of the shrimp during three stages, and also  

it has been used for removing the RB29 dye from water 

solution. The maximum adsorption capacity of the 

nanochitosan, in RB29 dye concentration of 50 mg/L was 

113.22 mg/g. Temkin and Dubinin-Radushkeish isotherms 

and pseudo second order kinetic equations have shown 

better results for describing the adsorption process.  

The adsorption process was naturally endothermic. The positive 

rate of ΔS ̊ was stated that the freedom degree between 

solid and liquid phases has been increased during  

the adsorption. With regard to the results, it can be suggested 

that nanochitosan is a suitable low cost nanomaterial  

for removing the RB29 dye from aqueous solution. 
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Table 4: The factors of the calculated kinetics models for adsorption of the RB29 dye by nanochitosan. 

Adsorbent C0 (mg/L) 

Pseudo-first-order Pseudo-second-order 

qe,exp (mg/g) 

K1 (min-1) qe, cal (mg/g) R2 K2 (g/mg min) qe,cal (mg/g) R2 

nanochitosan 

10 0.03 1.44 0.81 0.13 25.08 1.00 25.22 

20 0.03 5.94 0.66 0.02 50.09 1.00 50.18 

30 0.03 8.29 0.57 0.01 70.35 1.00 70.58 

50 0.05 21.42 0.64 0.00 115.14 1.00 113.42 
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