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Abstract 

In the current study, three types of adsorbents were prepared to efficiently remove a reactive dye 

(Reactive black 5, RB5) from aqueous solutions: (i) chitosan (Ch); graphite oxide (GO), and 

chitosan/graphite oxide composite (GO-Ch). The optimum pH found was acidic (pH=3), which is 

influenced from the acidic nature of dye-target (composed of sulfonate groups). All adsorbents 

presented the maximum dye removal in the aforementioned pH value. Characterization studies were 

carried out using Scanning Electron Microscopy in order to examine the surface morphology of the 

adsorbents synthesized. Equilibrium data were fitted to the Langmuir isotherm model. The 

maximum adsorption capacity (Qmax) of the composite prepared (GO-Ch) was 425 mg/g, while the 

respective value of Ch was 345 mg/g and 275 mg/g for GO at 65 
o
C. Kinetic data, which were fitted 

to the pseudo-second order model, revealed the slow dye removal in the case of GO-Ch (about 12 h 

to reach equilibrium), in contrast to the rapid adsorption of dye onto Ch (3 h) and GO (6 h). 

Experiments in various temperatures values (25, 45, and 65 
o
C) showed the increase of dye removal 

in high temperatures. 
Keywords: Graphite oxide; chitosan; dye; adsorption 

 

1. INTRODUCTION 

 

Colour is the first contaminant to be recognized in wastewater and the existence of very 

small amounts of dyes in water is highly visible and undesirable [1]. Azo and anthraquinone 

colorants are the two major classes of synthetic dyes and together they represent about 90% of all 

organic colorants [2].Wastewater discharged from the dye-houses can be one of the biggest 

contributors to aquatic pollution. The most studied dyes, in the dye bearing effluent treatment, are 

reactive ones , since their loss from the dyeing process to the effluent is estimated 10-50% [3]. 

The common methods for dye removal are either economically unfavourable and/or 

technically complicated.Adsorption is one of the most economical and easily applicable methods 

used for the removal of dye molecules. Many researchers have been employed with the treatment of 

dyes with chitosan.Chitosan (poly-β-(1 4)-2-amino-2-deoxy-D-glucose) is an amino-

polysaccharide, a cationic polymer produced by the N-deacetylation of chitin, and presents high 

affinity for most classes of dyes[1]. Recently, the aforementioned adsorption properties of chitosan 

are combined with another low-cost material with significant adsorption characteristics, which is 

graphite oxide (GO). This oxide is a relatively new member of carbon-based materials with one-

atom-thick structure, which can be attributed to its excellent mechanical and physicochemical 

properties. GO has been recently studied as an adsorbent [4], a component in composite materials 

with photochemical, conductive, electric or adsorptive properties [5], or as a precursor in the 

formation of graphene layers [6]. Owing to the presence of various oxygen functionalities, graphite 

oxide can be considered as a reactive substrate to further chemical modifications of graphene. 



 

However, the initial form of GO (before modification to graphene oxide) has not been studied as 

dye adsorbent. From an adsorptive point of view, it will be important to examine the combination of 

the aforementioned materials (chitosan and graphite oxide) in a novel composite, which will involve 

the adsorptive characteristics of them. Synthesis and characteristics in composite-form of (i) GO 

with other oxygen compounds (MnO2, Zr(OH)4) [7]and (ii) chitosan [8] was already evaluated for 

adsorption targets (ions, dyes etc). 

In the current work, the target is to investigate the adsorption properties of a novel graphite 

oxide/chitosan composite which is applied to for the removal of Reactive Black 5, given the 

complete absence of literature of a GO/chitosan material as dye adsorbent. Reactive Black 5 dyehas 

been used in the textile industries for the dying of cotton, woollen andnylon fabrics worldwide. It is 

reported to be toxic and cause allergic reactions of respiratory tract [9]. Characterization studies 

were carried out using Scanning Electron Micrographs, which were taken in order to examine the 

surface morphology of the adsorbents synthesized.The experiments were performed in batch mode, 

studying the effect of: (i) pH on adsorption; (ii) initial dye concentration; (iii) contact time; (iv) 

temperature (isotherms). 

 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 

High molecular weight chitosan was obtained from Sigma-Aldrich and purified by 

extraction with acetone in a Soxhlet apparatus for 24 h, followed by drying under vacuum at room 

temperature (25 
o
C). The average molecular weight was estimated at 3.55 10

5
 g/mol and the degree 

of deacetylation was 82 wt% [10].Glutaraldehyde(GLA) was received by Sigma-Aldrich(50 wt% in 

water).All solvents were of analytical grade.A commercialreactive dye (anionic anthraquinonic)was 

used as target molecule for decolorization of synthetic wastewaters. The reactive dye, C.I. Reactive 

Black 5 – 20505 (abbreviated hereafter as RB5, supplied by Kahafix), presents the following 

characteristics: C26H21N5Na4O19S6, MW=991.82 g/mol, λmax=603 nm, purity=55% w/w.The dye 

analysis was realized spectrophotometrically by monitoring the absorbance of the dyes using UV-

Vis spectrophotometer (model U-2000, Hitachi).Thedye purity was taken into account for all 

calculations andthe chemical structure of the dye used is given in Figure 1.  

 

 
 

Figure 1.Chemical structure of C.I. Reactive Black 5 (RB5). 

 

 

2.2 Preparation of adsorbents 

Three types of adsorbents were prepared: (i) cross-linked chitosan 

powder(abbreviated/denoted hereafter as “Ch”); (ii) graphite oxide (abbreviated/denoted hereafter 

as “GO”), and (iii) graphite oxide/chitosan composite (abbreviated/denoted hereafter as “GO-Ch”). 

GO was similarly prepared according to a simplified Hummers method [11], while the synthesis 

conditions of Ch were described in details in a previously published work [12]. For the preparation 

of GO-Ch composite, chitosan solution (2% w/v) was prepared by dissolving 0.4 g of chitosan into 

20 mL of acetic acid solution (2% v/v) under ultrasonic stirring for 2 h at room temperature [Ref 

M17]. Also, 3 mL of GLA were added to cross-linked chitosan. Then, 0.3 g of GO were added in 

the solution prepared and the mixed system was stirred continuously for 90 min in a water bath at 



 

50 
o
C. The pH of the reaction system was adjusted to 9-10 with micro-additions of NaOH (0.1 

mol/L) and kept in the water bath for further 60 min at 80 
o
C. Black products were washed with 

ethanol and distilled water in turn until the pH was reached about 7 and dried in a vacuum oven at 

50 
o
C. The final product was the composite of graphite oxide/chitosan (GO-Ch). All prepared 

products (GO, Ch, and GO-Ch) were ground to fine powders, with size after sieving 75-125 μm. 

 

2.3Experimental section 

Scanning electron microrgraphs (SEM) of the prepared composite was taken using JEOL 

JMS-840A scanning electron microscope. All the studied surfaces were coated with carbon black to 

avoid charging under the electron beam. 

The effect of pH was conducted by mixing 1 g/L of adsorbent with 20 mL of dye solution 

(250 mg/L). The pH value, ranging between 2 and 12, was kept constant throughout the adsorption 

process by micro-additions of HNO3 (0.01 mol/L) or NaOH (0.01 mol/L). The pH adjustment of 

dye solutions in the presence of adsorbent was realized in order to study and understand the 

possible adsorption mechanisms in each particular pH condition. The dye removal is also occurred 

in free pH conditions (without readjustment to constant pH values), but in this way, it would be 

more difficult to examine the adsorption mechanism. The suspension was shaken for 72 h(ionic 

strength=0.001 mol/L; agitation rate=160 rpm) into a water bath to control the temperature at 25 

°C(Julabo SW-21C). The optimum pH found (for performing the equilibrium experiments) was 

pH=2 for RB5.Kinetic experiments were performed by mixing 1 g/L of adsorbent with 20 mL of 

dye solution (250 mg/L). The suspensions were shaken for 24 h at optimum pH (found from 

experiments for the effect of adsorption pH)in water bath at 25 °C (ionic strength=0.001 mol/L; 

agitation rate=160 rpm). Samples were collected at fixed intervals (5-45 min, 1-72 h). Three 

equations (pseudo-first, -second, and -third order) were selected to fit the experimental kinetic data 

[13].The effect of initial dyeconcentration on equilibrium was observed by mixing of adsorbents 

with 20 mL of solutions with varying initial dye concentrations (0-1000 mg/L). The suspensions 

were shaken for 72 h at pH=2 in water bath at 25, 45, and 65°C (ionic strength=0.001 mol/L; 

agitation rate=160 rpm). The equilibrium data resulted were fitted to the Langmuir (Eq. (1)) [14], 

isotherm model, expressed as follows: 

max L e
e

L e

Q K C
Q  = 

1+K C
 (1) 

whereQe (mg/g) is the equilibrium dye concentration in the solid phase; Qmax(mg/g) is the maximum 

amount of adsorption; KL (L/mg) is the Langmuir adsorption equilibrium constant. 

The amount of total dye uptake at equilibrium Qe(mg/g) was calculated using the mass balance 

equation (Eq. (2)): 

0 e
e

(C C )V
Q  = 

m
 (2) 

where m (g) is the mass of adsorbent, and V (L) the volume of adsorbate. 

To validate the results exported, all experiments were repeated 4 times. Therefore, the 

experimental points presented in figures are the average values of 4 repetitions. 

 

3. RESULTS AND DISCUSSION 

Figure 2 presents the morphology of GO-Ch according to SEM micrographs taken. It is 

obvious that its surface was not smooth, but scraggy with a variety of cavities. These cavities can be 

characterized as channels onto the surface of GO-Ch. The existence of pores is possible, but not 

clear from SEM image taken. 

 



 

 
 

Figure2.SEM image of GO-Ch prepared. 

 

Figure 3 depicts the effect of contact time on adsorption behaviour of the materials used. 

The plots could be split in three distinct regions: (i) 0-30 min, which indicates the instantaneous 

adsorption of dyes, suggesting rapid external diffusion and surface adsorption; (ii) 30-180 min, 

shows a gradual equilibrium, and (iii) 3-24 h, indicates the equilibrium state [15]. It can be seen that 

the adsorption of RB5 is rapid at the initial stage of the contact period, but it gradually slows down 

until it reaches equilibrium. The fast adsorption at the initial stage may be due to the fact that a large 

number of surface sites are available for adsorption. After a lapse of time, the remaining surface 

sites are difficult to be occupied because of the repulsion between the solute molecules of the solid 

and bulk phases make it took long time to reach equilibrium [16]. Also, it is clear the difference 

kinetics of composite material (GO-Ch) versus its primary parts (Ch and GO). The dye 

concentration reduction was milder than in the case of Ch and GO. This may be attributed to the 

combination of GO and Ch, resulting in a more complicated form of material with similarly 

adsorptive sites but different diffusion and kinetic capabilities.  

 

 
 

Figure3. Effect of contact time on adsorption RB5 onto Ch, GO, and GO-Ch. 

 

The experimental data were fitted to the Langmuir isotherm model [14]. Figure4 presents 

the isotherms resulted from the adsorption of RB5 onto GO, Ch, and GO-Ch.Table 1 reports the 

maximum adsorption capacities (Qmax) and the other isothermal parameters resulted from the fitting. 

The calculated maximum adsorption capacities (Qmax) for RB5 removal at 25 
o
C was 205 mg/g 



 

(GO), 224 mg/g (Ch), and 277 mg/g (GO-Ch). For all the adsorbents studied the equilibrium dye 

uptake was affected by the initial dye concentration using constant dosage of adsorbent (1 g/L). At 

low initial concentrations, the adsorption of dye is very intense and reaches equilibrium rapidly. 

This phenomenon indicates the possibility of the formation of monolayer coverage of dye 

molecules at the outer interface of materials. Furthermore, for low concentrations (0-50 mg/L) the 

ratio of initial number of dye molecules to the available adsorption sites is low and subsequently the 

fractional adsorption becomes independent on initial concentration [17]. 

 

Table 1. Equilibrium parameters (Langmuir isotherm) model for the 

adsorption of RB5 onto GO, Ch, and GO-Ch at 25, 45, and 65 
o
C 

Adsorbent T (
o
C) Qmax(mg/g) KL (L/mg) R

2
 (dimensionless) 

Ch 25 224 0.067 0.984 

 45 284 0.057 0.985 

 65 345 0.060 0.980 

GO 25 205 0.064 0.931 

 45 269 0.018 0.976 

 65 275 0.018 0.926 

GO-Ch 25 277 0.081 0.975 

 45 377 0.065 0.983 

 65 425 0.098 0.986 

 

The effect of temperature on equilibrium is presented through isotherms curves (Figure 

4).The adsorption behaviour is similar for all adsorbents used: increasing the temperature of process 

from 25 to 65 
o
C, an increase of the adsorption capacity (dye uptake) is observed. However, the 

increase in adsorption is mainly due to the augmentation of the number of adsorption sites caused 

by breaking of some of the internal bonds near the edge of the active surface sites of materials. 

Also, it could be attributed to increased penetration of dye molecules inside the possible micropores 

or apparent surface cavities at higher temperatures or the creation of new active sites [1, 18]. 

 

 
 

Figure 4. Effect of initial dye concentration and temperature (isotherms) on adsorption of RB5 

ontoGO-Ch. 
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Αdsorption  
results 

Συμπεράσματα 
 increasing the temperature of process from 25 to 65 oC, an increase of the adsorption capacity (dye uptake) is observed  

 Στην παρούσα εργασία τρία διαφορετικά υλικά χρησιμοποιήθηκαν για την απομάκρυνση των φωσφορικών ιόντων από τους 

υδατικούς φορείς.  
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Materials preparation 

 

Samples 

Langmuir-Freundlich equation (L-F) equation 

oC qmax 

mg/g 

KLF 

(L/mg)1/b 

b R2 

 

GO 

25 221 0.022 0.67 0.984 

45 286 0.018 0.64 0.992 

65 299 0.014 0.58 0.993 

 

C 

25 299 0.049 1.31 0.992 

45 325 0.033 1.39 0.995 

65 388 0.030 1.45 0.993 

The characteristic XRD peak of GO appeared at 2θ = 10.9◦. The interlayer distance between the carbon 

layers ( Bragg’s law) increased from 3.36 Å for graphite to 8.11 Å for graphite oxide.  

In the XRD pattern of the composite the feature of graphite oxide is still visible at 2θ = 10.9◦. The interlayer 

distance of the composite’s component was 8.11 Å while the number of layers, (Scherrer’s equation), 

decrease from 7.5 for GO to 3.7 for GO-C. The average size of the crystallite of the GO-C composite 

decreased from 61 Å for the GO to 29 Å for the composite material (Debye-Scherrer equation).  

 

GO was prepared according to Hummers 

method 

C was cross-linked with GLU  

GO-C composite: chitosan solution (2% 

w/v) was prepared by dissolving of chitosan 

into acetic acid solution (2% v/v) under 

ultrasonic stirring for 2 h at room 

temperature .GLA were added to cross-

linked chitosan. GO were added in the 

solution prepared and the mixed system 

was stirred for 90 min in a water bath at 50 
oC and further 60 min at 80 oC. Black 

products were washed with ethanol and 

distilled water and dried in a vacuum oven 

at 50 oC.  

The aim of the present work is to investigate the 

adsorption properties of a novel graphite 

oxide/chitosan composite which is applied to the 

removal of Reactive Black 5, given the absence of 

literature of a GO/C material as dye adsorbent.  

GO GO-C 

*carboxylic groups reacted with chitosan during the preparation of the composite 
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 amino groups of chitosan  react with oxygen-containing functional groups of GO in the following ways:  

*after hydrogen-bonding interactions between the amine molecules and the oxygen-containing functional    

groups of GO (G-OH…H2N-R),  

*after protonation of the amine by the weakly acidic sites of the GO layers (-COO-+H3N-R) with amides  and  

amine carboxylate salts as reactions products and  

*after nucleophilic substitution reactions on the epoxy groups of GO  




