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Abstract 

A green adsorbent was evaluated to remove the carmine dye. Chitin nanowhiskers were synthesized 

via acid hydrolyzed method. The diameter of the synthesized chitin whiskers was about 20 nm and 

had 200 to 400 nm length. The morphology and chemical structure of the synthesized adsorbent were 

investigated by Field Emission Scanning Electron Microscopy (FESEM), Transmission Electron 

Microscopy (TEM), Fourier Transform Infrared (FT-IR), X- Ray Diffraction (XRD). The adsorption 

process parameters of the carmine dye removal were optimized as follow: adsorption time (3 h), initial 

carmine dye solution concentration (100 ppm), mass loaded of the chitin whiskers suspension 1% 

weight of chitin nanowhiskers, as an adsorbent (1.4 g). The removal efficiency of the carmine dye 

adsorption was about 85% which is modified 15% better than the previous researches. The results 

indicated that carmine dye molecules were absorbed by hydrogen bonding mechanism due to the N-

H bond in the chitin nanowhiskers structure. 
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1- Introduction 

A very small amount of dye can affect as a toxic material in water and influence the human life. The removal of dye 

from waste water has an important role in environmental safety [1]. Adsorption is deliberated as well-known as an 

adsorbent for water and wastewater treatment. Researchers have used chitin as an adsorbent for the removal of dyes and 

heavy metal contaminants. The morphology and chemistry play an important role on the effectiveness of adsorbents 

used in adsorption processes [2]. 

 The researchers have announced some chemical and physical methods to remove dye such as coagulation, 

flocculation, adsorption, photodecomposition and filtration [2-3]. Due to the low cost and high efficiency in removing 

the various dyes, the adsorption method is so appropriate [4]. Because of the low cost adsorbents such as chitosan, clay, 

zeolite and coal have introduced in order to remove the organic and inorganic pollution from water effluents [5]. 

Chitin is the second most abundant polysaccharides in the world that can be produced from waste marine residuals. 

Because of its low solubility, it prefers to convert to chitosan that is deacetylation product of chitin.  Chitin can turn to 

nanowhiskers through acid hydrolyzed, TEMPO mediated oxidation, ultrasonication, mechanical treatment, persulfate 

oxidation, ionic liquids and methods.  CNW is so similar to cellulose nanowhiskers except in the existence of acetamide 

group in chitin structure. It is more resistant towards chemical reagents. The CNW has a poor solubility in common 

solvent. In addition, after cel-9lulose, Chitin is the most mutual and common organic material in nature. Its 

polysaccharide structure increases the emphasis on environmental application of the chitin [6-9]. 

S. Kumari et al. designated the chitin extraction and chitosan from Fish Scales. The researchers synthesized the chitin 

via 1% of HCl solution for 36 h and 0.5 N of NaOH solutions for 18 h for demineralization and deproteinization sections. 
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The chitin was rinsed with 50% of NaOH solution for 2 h at 80 °C with oil autoclave [10]. Application of chitin as an 

adsorbent for dye removal has been investigated in many researches. McKay et al removed acid blue 25 (0.45 mol/kg) 

and Smith et al. used chitin to remove Acid red 1(0/13 mol/kg) [11-12]. Akkaya et al, could reach 38 mg/g and 65 mg/g 

adsorbent for reactive yellow 2 and reactive black5, respectively. Dolphen et al, eliminated synthetic reactive dye 

wastewater 133-167 mg/g chitin. Modification of chitin using sodium hypochlorate let them reach 59-124 mg/g. Prado 

et al removed Indigo Carmine to 1.24 mol/g chitin. [13]. Some chitin composites also have been used to remove dyes 

from wastewater, Xu et al. used chitin-clay microsphere to remove 10ppm methylene blue by yield of 99.99% in 20 min 

[14]. Dassanayake et al. used chitin-MnO2 to remove 20ppm methylene blue with 99% efficiency by 8mg chitin 

composite [15]. Jesionowski used chitin-lignin composite for removal of direct blue71. They also found that composite 

adsorbent has better efficiency than alone chitin, so 91% removal was obtained in 1h [16].  

With emergence of nanotechnology in many industries, application of chitin Nano whiskers in this region was done 

by some worthy works. Dhananasekaran et al. used chitin nano particles for removal of three types of dyes. They found 

that maximum capacity of this type of nanomaterials was 6.9 mg/g, 22.72 mg/g and 8.55 mg/g for methylene blue, 

bromophenol blue and coomassie brilliant blue respectively [17]. Gopi et al removed crystal violet by nano whiskers 

with adsorption capacity 39.56 mg/g and yield of 79.13%.  Chitin nanocomposites were also used for this purpose. Gopi 

et al, used electro spun PVDF-CNW (1%-15%) to remove Indigo Carmine contamination. Based on their findings, 

adsorption capacity was 72.6 mg/g and 88.9% enhanced compared to neat PVDF [18]. 

In this work, we chose chitin nanowhiskers (CNW) as a green nano adsorbent to remove the carmine dye from waste 

water. Carmine dye is categorized in organic dyes. They are observed as common pollutants of water which can damage 

the health of human and ecosystems [2-3]. Due to the structure of the CNW, the high adsorption capacity of the CNW 

was evaluated by carmine dye removal experiments. The novelty of the synthesized green adsorbent is focused on the 

high removal efficiency of the carmine dye via low cost method. The effect of the adsorption parameters such as mass 

loaded of adsorbent; adsorption time and initial concentration of the carmine dye was considered on the removal 

efficiency.  

2- Experimental 

2-1- Materials 

Chitin powder from shrimp shell was purchased from Sigma. Hydrochloric acid, HCl, potassium hydroxide, KOH 

acetone and ethanol were labratory grade and purchased from Merck Co. and were used without any purification. 

Carmine dye was purchased from Merck Co. 

2-2- Synthesis of Chitin Nano Whiskers 

Chitin Nano whiskers (CNW) from shrimp shells were synthesized with acid hydrolyze method that was reported by 

Morin and Dufresne [19]. Briefly, 5 g of air dried chitin was added to 100 ml KOH for more deproteinizing in room 

temperature for 24h. The deproteinized chitin was washed with deionized water until neutral pH achieved and was dried 

in oven in 60 oC overnight. Dye removal of chitin was done by adding derived chitin in 200 ml (50:50v/v) ethanol and 

acetone mixture. Resultant chitin was treated with boiling 3N hydrochloric Acid (30 ml acid/g chitin) for 90 min under 

reflux. The reaction was squeezed with dilution of mixture with cold deionized water. The slurry was centrifuged for 15 

min in 4000 rpm and decanting residue was diluted with deionized water to remove soluble chitin and excess acid. This 

process was repeated two more times. After this stage the slurry was transferred to dialyze tube (12000 Dalton) and 

dialyzed against deionized water for 7 days until the pH 6 reached. For better dispersion, the final suspension was 

sonicated for 30 min in sonication bath and stored in refrigerator in 4 oC for further uses. The concentration of suspension 

was set in 1 %. The yield of chitin whisker synthesis was about 65%. 

3. Results and Discussion 

3-1- Characterization 

In order to study the formation of the chitin nanowhiskers, the X-Ray Diffraction (XRD) patterns were taken 

utilization of Bruker with Cu Kα radiation (λ=1.540 Å) at room temperature. The morphology and particle size of CNW 

was determined by Field Emission Scanning Electron Microscopy (FESEM) with Mira 3-XMU model with accelerating 

potential 7.0 kV by Quanta FEG 250 Field Emission Scanning Electron Microscope (FESEM), FEI Company and 

Transmission Electron Microscopy (TEM) images. The surface bonding and surface chemicals was evaluated by Fourier 

Transform Infrared (FT-IR) spectra using a Bruker spectrometer in the wavenumber range from 400 to 4000 cm−1by 

KBr pellets. The carmine dye concentration was measured by UV-Visible spectrophotometer. Carmine dye solution was 

analyzed at 415 nm. 
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3-2- Characterization of Synthesized Adsorbent 

The XRD pattern of the synthesized CNW was presented in Figure 1. The intense peak of CNW was observed at 2θ= 

19.60 and 9.70 [20]. In FTIR pattern (Figure 2) of derived CNW, the peaks at 1620 cm-1and 1661 cm-1 correspond to 

amide I regions and peak at 1558 cm-1 corresponds to amide II regions of α-chitin [20]. The FESEM and TEM images 

were shown in Figure 3. It is evident from Figure 3 that the synthesized CNW was in whisker shape and their size was 

in 20 nm diameter and 300 nm in length.  

 

 

 

 

 

 

 

 

Figure 1. The XRD pattern of CNW. 

 

Figure 2. The FTIR pattern of synthesized CNW.  

 

Figure 3. a) TEM image b) FESEM image of the synthesized nanochitin. 
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3-3- Effect of Mass Loaded  

The effect of the adsorbent mass loaded on the dye removal efficiency was studied with various amount of mass 

adsorbent at 25 0C for 3 h with 100 ppm. The results were plotted in Figure 4a. The results indicated that by increasing 

the amount of the mass of the CNW, the removal efficiency increased. Due to the enhancement of the adsorption sites 

and the hydrogen bond effect the removal efficiency increased. Although the amount of the mass loaded become constant 

after increasing of the mass loaded to 2 g. The optimum value of the mass loaded to remove the carmine dye by CNW 

suspension was 1.4 g.   

 

 

 

 

 

 

 

Figure 4. a) The effect of mass loaded; b) Time; c) initial concentration on removal efficiency. 
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3-4- Effect of Time and Kinetic Study 

In order to study the time effect on removal efficiency of the carmine dye adsorption, some experiments were carried 

out at 25 0C, 100 ppm and 1.4 g of adsorbent. The results were shown in Figure 4b. The Figure 4b showed that after 180 

min, the adsorption removal efficiency process became constant, which indicated the equilibrium time. The equilibrium 

time of carmine dye removal by CNW was about 180 min. Adsorption takes place rapidly for the adsorbent at the 180 

min. This can be explained by hydrogen bonding in N-H bond.  

For determination the adsorption process, rate and rate controlling step, and uptake rate of dye were evaluated using 

of different kinetics models. The results of the adsorption time experiment were used to obtain the adsorption kinetic 

models. Figure 5 depicts the application of pseudo first order and pseudo second order model to fit the experimental 

data. The linearized equation of the models is achieved in Equations 1 and 2. The kinetic data were summarized in Table 

1. The pseudo second order model was fitted the experimental data [21].  
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Different mechanisms supply and determine adsorption kinetics in which diffusion mechanisms including external 

diffusion, boundary layer diffusion and intraparticle diffusion are the most effective parameters. The diffusion from bulk 

to the pores is the rate controlling step in the dye molecules adsorption process [21, 22].  

Table 1. The kinetic data of the carmine dye adsorption. 

 Pseudo first order Pseudo second order 

qe (Experimental) (mg/g) qe (mg/g)      K1(mg/g.min)           R2 qe (mg/g)        K2(mg/g.min)       R2 
 

78.6 42.5              5.49*10-2              0.81      78.4               3.45*10-3             1.0 

  

Figure 5. The kinetic data a) pseudo first order; b) pseudo second order. 

3-5- Effect of Initial Concentration of Carmine Dye and Isotherm Study 

 The initial concentration of carmine dye solution affected the removal efficiency and adsorbent capacity. Due to the 

enhancement of the adsorption driving force in high concentration, the removal efficiency increased by enhancement of 

the carmine dye initial concentration. But after 500 ppm the removal efficiency declined to 70% in 1000 ppm. It is 

obvious that in high concentration amounts, the adsorption sites are covered by dye molecules and the sites are occupied 

[22].  

An adsorption mechanism was described by isotherm models. In this study we used the Langmuir and Frendulich 

models to explain the isotherm investigation. In Table 2 the isotherm data was summarized. The comparison of R2 

(regression coefficient) indicates that the Langmuir model is suitable to illustrate the equilibrium data and is determined 

to explain the adsorption mechanism. In Figure 6 isotherm models are plotted. The linearized form of Langmuir and 

Frendulich are given in Equations 3 and 4 respectively [23].      
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In these models, adsorption capacity at equilibrium is corresponded by qe in mg/g, Ce is the concentration of 

adsorbent, the solution at equilibrium in mg/l; in Langmuir isotherm, the maximum monolayer adsorption capacity in 

mg/g is depicted by Qo, and b is Langmuir constant. In the Frendulich model, KF and n replicate the Frendulich parameter 

in which n refers to the evaluation of the adsorbent surface heterogeneity. 

The capacity of nanochitin as an adsorbent was considered by Equation 3 [21]: 

V
m

CC
q e

e *0                                                                                                                                                                (3) 

Table 2. The isotherm parameters of carmine dye adsorption. 

  Langmuir    Frendulich  

Adsorbent b Q0 R2 RL KF n R2 

CNW 7.68*10-2 157.82 0.999 0.257 1.897 2.14 0.890 

 

 

Figure 6. The isotherm data a) Langmuir; b) Frendulich. 

4- Conclusion  

In this work the functionalized nanochitin was synthesized. The size of the CNW was in 20 nm range. The carmine 

dye was removed by CNW. The parameters of the adsorption process were studied and the optimum value of the 

parameters was obtained. The time of the dye adsorption was about 3 h which introduces as an equilibrium time and the 
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optimum amount of the carmine dye concentration was 100 ppm. The mass of the synthesized nanochitin was obtained 

1.4 g. In addition, the nanochitin adsorbed the carmine dye, by formation of the hydrogen band, which caused the fast 

adsorption process in spite of the previous literatures. The equilibrium adsorbent capacity was about 78.6 mg/g within 

the 180 min. The Langmuir model was fitted the isotherm data of the adsorption process. The evaluation of the kinetic 

data indicated that the pseudo second order model was so suitable for the study of kinetic study. 
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