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Abstract 
In this study, chitosan (C)/marble powder (M) composites were used as an adsorbent for the removal of Dimozol Red  

Dye from aqueous solution. Chitosan (C)/marble powder (M) composites with different weight ratio percentage 

(C100M0, C70M30, C50M50 and C30M70) were prepared with marble powder and chitosan. Batch studies were carried 

out to address various experimental parameters such as contact time (0-72 hours), pH (3-11), adsorbent dosage (0.2-2.0 

g/L) and initial dye concentration (40-100 mg/L). Equilibrium isotherms were analyzed by Langmuir, Freundlich, 

Temkin and Dublin-Radushkevich isotherm equations using correlation cooefficients and the results were best 

represented by Freundlich isotherm model. And also, adsorption kinetic was performed using the pseudo-first-order, the 

pseudo-second-order and intra-particle diffusion kinetic models. The adsorption kinetics well fitted with a pseudo-

second-order kinetic model. 
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1. Introduction 

 

Synthetic dyes are widely used as coloring agents in 

several industries like textile, printing, leather, food 

and cosmetics. Some of these dyes are highly toxic, 

carcinogenic and/or mutagenic in nature and thereby 

pose threats to human and other living organisms in 

the environment. The main methods of removing 

dyes from industrial effluents are biodegradation [1], 

electrocoagulation [2], chemical coagulation [3], 

oxidation [4] and adsorption [5]. Because of the 

simplicity in its design and operation adsorption has 

been found to be an effective method with its ability 

to adsorb a broad range of pollutants; and fast 

processing [6]. 

 

Adsorbent, chemical structure of dye and process 

conditions has significant effects on performance of 

adsorption processes can vary all process kinetics 

and eqilibrium. Activated carbon is known as an 

efficient adsorbent with its high surface area and 

efficiency, but its high cost limits its wide 

application. In recent years, researchers have been 

developed several new effective and cheaper 

adsorbents such as iron-containing solid wastes [7], 

sludge [8], carbonate-based magnetic materials [9], 

waste textile fiber [10] and agricultural wastes [11] 

for adsorption applications. 

 

This study focused on preparation of chitosan/marble 

powder composite as a novel low cost adsorbent to 

determine its removal efficiency for Dimazol Red 

dye from aqueous solution. The dye adsorption 

process was carried out by batch experiments. The 

effective of contact time, pH, adsorbent dosage and 

initial dye concentration on adsorption process were 

determined. More important, adsorption isotherm and 

kinetic models were also discussed to analyze the 

interaction between dye molecules and adsorbent. 

 

2. Materials and methods 

 

2.1. Materials 

The marble powder was collected from the local 

marble cutting/processing industry in Bilecik, 

Turkey. Chitosan (degree of deacetylation 75-85 %) 

was purchased from Aldrich. Aqueous acetic acid 

(Merck) solution was used as a solvent for the 

chitosan. Glutaraldehyde solution (50 %) was 

purchased from Fluka and used as a crosslinker. 
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Dimozol Red (purity of 99 %) was obtained from a 

dye factory in Bursa, Turkey. Adjusting the natural 

pH of the dye solution with HCl (0.1 M) or NaOH 

(0.1 M) solutions. All other chemicals were 

analytical grade and used without further 

purification. 

 

2.2. Chitosan/marble powder composites 

The method for the preparation of the 

Chitosan/marble powder composites were given in 

our previous study[12]. The summary of the method 

was given in the following description. 1 g of 

chitosan was dissolved in 75 mL of 5 % v/v acetic 

acid with constant stirring in order to get a 

homogeneous mixture. Marble powder was added 

and the mixture was left overnight with continuous 

stirring on magnetic stirrer resulting in the formation 

of the dispersion. The dispersion was taken in a 

syringe and allowed to fall slowly and dropwise into 

1 M NaOH solution with gentle stirring, The 

composites were kept in the same solution overnight 

with continuous stirring. After the process, the 

chitosan/marble powder composites were washed 

many times with distilled water to attain a neutral 

pH. Glutaraldehyde was selected as a crosslinker, 

and the rinsed chitosan/marble powder was shaken in 

2.5 w % glutaraldehyde ethyl alcohol solution. After 

15 h crosslinking reaction at 60 °C, the 

chitosan/marble powder composite was rinsed with 

water again to remove excess glutaraldehyde and 

then freeze dried for 48 h. Finally, a series of 

chitosan/marble powder composites with different 

weight ratio percentage were synthesized, viz., 100:0 

wt.% (C100M0), 70:30 wt.% (C70M30), 50:50 wt.% 

(C50M50), 30:70 wt.% (C30M70) . 

 

2.3. Adsorption experiments 

In order to evaluate the adsorption behaviour of the 

chitosan/marble powder composites, 0.1 g adsorbent 

was put into 50 mL Dimozol Red  Dye solution with 

fixed concentrations (60 mg L-1).The mixtures were 

kept in  a thermostat shaker (Termal H11960) with a 

shaking speed of 150 rpm at natural pH and room 

temperature for 72 h. 

The concentrations of Dimozol Red in aqueous 

solution were determined using a UV–vis 

spectrophotometer (Agilent Cary 60 UV-Vis) at 

wavelength 540 nm. The adsorption capacities were 

calculated according to Equation (1): 

 

𝑞𝑒 =
(𝐶0−𝐶𝑒)𝑉

𝑊
                                                         (1) 

 

where qe was the equilibrium adsorption capacity 

(mg/g), C0 and Ce were the initial and equilibrium 

concentrations (mg/L) of the dyes, respectively. V 

was the volume (L) of the solution and W was the 

weight (g) of the adsorbent. 

 

 

3. Results and discussion 

 

3.1. Effect of contact time and adsorption kinetics 

Adsorptive uptake is one of the most significant term 

in adsorption process which determines the contact 

time. In generally, the least effective adsorption time 

is desired.Figure 1 presents the results of contact 

time on the adsorption of Dimozol Red dye onto 

chitosan/marble powder composites from waste 

water. The rate of adsorption of Dimozol Red was 

rapid in the beginning, proceeded at a slower rate and 

finally attained equilibrium at about 72 hours. At 

equilibrium, the adsorption capacity of Dimozol Red 

onto C100M0, C70M30 and C50M50 is about 28 

mg/g and higher than that onto C30M70. 

Chitosan/marble powder composite with 50 %: 50 % 

weight percentage ratio of chitosan and marble 

powder, C50M50, was more economically than 

C100M0, C70M30 due to higher marble powder 

content and hence was selected as an adsorbent for 

all the other studies. 

 

Dimozol Red onto different chitosan/marble powder 

composites (adsorbent dosage: 2 g/L, initial dye 

concentration: 60 mg/L, agitation speed: 150 rpm, 

temperature: 25°C). 

 

The controlling mechanism of Dimozol Red dye 

adsorption on chitosan/marble powder composites 

was evaluated in terms of adsorption kinetics by 

measuring adsorption capacity at various time 

intervals till equilibrium value was reached. For 

kinetic study, the pseudo-first order model, the 

pseudo-second order model and the intra-particle 

diffusion model are used to evaluate the experimental 

data as the following three equations, respectively 

[13,14]: 
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Figure 1. Effect of contact time on the adsorption of Dimozol Red onto different chitosan/marble powder 

composites (adsorbent dosage: 2 g/L, initial dye concentration: 60 mg/L, agitation speed: 150 rpm, 

temperature: 25°C). 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 −
𝑘1

2.303
𝑡                               (2) 

 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

𝑡

𝑞𝑒
                                                           (3) 

 

𝑞𝑡 = 𝐾𝑖 . 𝑡1 2⁄  + 𝐶                                            (4) 

where qe (mg/g) and qt (mg/g) are the amount of the 

dyes adsorbed at equilibrium and at time t, 

respectively. The term k1 (hour−1) is the rate 

constant of pseudo-first order kinetic, and the term 

k2 (g/(mg·hour)) is the rate constant of pseudo-

second order kinetic. Ki is the intra-particle diffusion 

rate constant (mg/g.hour-1/2), C is the constant for 

the experiment (mg/g).  

 

The plots of linearized form of the pseudo-first-order, 

pseudo-second-order and the intra-particle diffusion 

equations are shown in Figure 2 (a), Figure 2 (b) and 

Figure 2 (c), respectively. Table 1 presents the 

characteristics parameters of the kinetic models. The 

R2 values (0.9851–0.9990) for pseudo-second-order 

kinetic model at all the composites (C100M0, 

C70M30, C50M50 and C30M70) are higher than 

those for pseudo-first order model. Also, the 

theoretical qe,cal values obtained from this model 

was closer and good agreement with the 

experimental values (qe,exp). It was suggested that 

the pseudo-second-order model is more suitable for 

describing the adsorption of Dimozol Red onto the 

chitosan/marble powder composite. 

 
Table 1. Kinetic parameters for Dimozol Red dye adsorption on different chitosan/marble powder composites. 

Adsorben

ts 

               Pseudo-first-order Pseudo-second-order intra-parcle diffusion 

qe,exp 

(mg/g) 

qe,cal 

(mg/g) 

k1(x103

) 

(hour-

1) 

R2 qe,cal 

(mg/g) 

k2(x10
3) 

(hour-

1) 

R2 ki,1 

(mg/g.hour-

1/2) 

ki,2 

(mg/g.hour-

1/2) 

C100M0 27.61 30.65 100.87 0.9309 29.94 4.82 0.985

1 

4.8782 1.6972 

C70M30 28.69 16.88 105.94 0.9740 29.59 17.41 0.999

0 

8.6846 0.1468 

C50M50 28.00 25.85 79.22 0.9851 29.85 5.81 0.988

9 

5.1824 1.5593 

C30M70 20.18 15.69 32.93 0.9718 19.42 9.01 0.983

9 

3.1905 1.3950 
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(a) (b) 

 

                                                        (c)  

Figure 2. Kinetic models for the adsorption of Dimozol Red dye onto different chitosan/marble powder composites (a) 

Pseuso-first order, (b) Pseudo-second-order, (c) Intra-particle diffusion model. 

 

To further explore the mechanisms of Dimozol Red 

dye adsorption on the chitosan/marble powder 

composites, the experimental data were analyzed by 

the intra-particle diffusion model. The transfer of the 

dye molecules from bulk liquid to active sites in the 

adsorbent could be controlled by mass transfer across 

the liquid film surrounding the solids (boundary layer 

diffusion) or mass transfer through pores (intra-

particle diffusion), or a combination of both [14]. 

The first diffusion stage is the highly fast and the ki,1 

rate constants for adsorption of Dimozol Red on the 

chitosan/marble powder composites are significantly 

higher than the ki,2, which might be attributed to the 

existence of fresh active sites on the chitosan/marble 

powder composites surface. When all of the exterior 

active sites of the chitosan/marble powder 

composites were occupied, Dimozol Red molecules 

seek to enter into the pores [15]. Then, the adsorption 

gradually slows down as shown by second linear 

portion of the curves (Figure 2 (c)). 

 

3.2. Effect of initial solution pH and adsorbent dosage on dye adsorption 

 

The adsorptive uptake of C50M50 composites to 

remove Dimozol Red was studied in a pH range of 3-

11 at 298 K for 72 h. The effect of pH on the dye 

removal efficiency on the C50M50 composites was 

illustrated in Figure 3. The highest adsorption 

capacity of C50M50 composites was achieved at pH 

5 and the lowest adsorption capacity at pH 11. 
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Figure 3. Effect of pH for the removal of Dimozol Red onto C50M50 composites. 

 

The influence of adsorbent dosage was investigated 

by performing experiments at different adsorbent 

dosage from 0.2 to 2 g/L. In all experiments, 60 

mg/L initial dye concentration and 25°C temperature 

was fixed as an optimum conditions. The results of 

adsorbent dosage effect on adsorption capacity were 

showed in Figure 4. The amount of dye adsorbed 

onto the C50M50 composites was found to decrease 

from 199.6 to 28.7 mg/g with increasing adsorbent 

dose due to the concentration gradient between 

adsorbent and adsorptive [16]. 

 

 
Figure 4. Effect of adsorbent dosage on the adsorption capacity of C50M50 composites. 

 

3.4. Adsorption isotherms 

Langmuir, Freundlich, Temkin and Dublin-

Radushkevich adsorption isotherm models were used 

to design and to understand the mechanism of 

interaction existing between adsorbate and the 

adsorbent at equilibrium.  

 

Equilibrium data for Dimozol Red adsorption on the 

C50M50 composites were applied to  Langmuir, 

Freundlich, Temkin and Dublin-Radushkevich 

equations [17-20]: 

 

Langmuir Isotherm: 

 
Ce

qe
⁄ =  

Ce
qm

⁄  +  1 (qm. KL)⁄                               (5) 

 

where Ce (mg/L) is the equilibrium concentration, qe 

(mg/g) is the equilibrium adsorption capacity, qm 

(mg/g) is the maximum adsorption capacity at 

monolayer coverage, KL (L/mg) is the Langmuir 

isotherm constant related to free energy of 

adsorption. 

 

Freundlich Isotherm: 

 

ln qe  =  ln KF  +  (1
n⁄ ) . (ln Ce)                           (6) 

 

where KF [mg/g (L/g)1/n] is the Freundlich 

adsorption constant related to the adsorption 

capacity, n is the Freundlich constant related to the 

affinity of the adsorbate to the adsorbent. 
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Temkin Isotherm: 

 

qe = B ln AT +  B ln Ce                                      (7) 

 

where A (mg/L) is the Temkin isotherm equilibrium 

constant related to binding energy, and B (RT/bT) is 

the Temkin constant related to the adsorption heat. 

 

Dublin-Radushkevich Isotherm: 

ln 𝑞𝑒 =  − 𝛽 . Ɛ2  +  ln 𝑞𝑚,𝐷−𝑅                                (8) 

 

where β (mol2/kJ) is a constant related to mean 

sorption energy, qm,D-R (mg/g) is the theoretical 

adsorption capacity, Ɛ is the Polanyi potential 

(kJ/mol) calculated based on Equation 9:  

 

Ɛ = 𝑅. 𝑇. ln (
𝐶𝑒+ 1

𝐶𝑒
)                                          (9) 

The adsorption mean free energy, E (kJ/mol), was 

calculated from D-R isotherm using Equation 10: 

 

𝐸 =  
1

√2𝛽
                                                        (10) 

Figure 5 shows the plot of ln qe vs. ln Ce for the 

Freundlich model, the plot of Ce/qe vs. Ce for the 

Langmuir model, the plot of ln Ce vs. qe for the 

Temkin model and the plot of Ɛ2 vs. ln qe for the  

Dublin-Radushkevich model. The applicability of the 

four isotherm’s model for the present data 

approximately follows the order: Freundlich, 

Langmuir, Temkin and Dublin-Radushkevich. The 

coefficient of determination R2 (0.9814) for the 

Freundlich model is higher than that of the other 

models. Based on R2 value, the Freundlich model is 

more suitable in describing the experimental data for 

Dimozol Red adsorption onto C50M50 composites. 

The values of Kf and n calculated from the intercept 

and slope of the linearized Freundlich model are 

listed in Table 2. The value of 1/n is lower than 1.0, 

which indicates the heterogeneity of the adsorption 

process and also to be favorable.  
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(c) 

 

(d) 

Figure 5. Isotherm models for Dimozol Red dye adsorption by C50M50 composites (a) Langmuir, (b) Freundlich, 

Temkin (c) and Dublin-Radushkevich (d) (adsorbent dosage: 0.2 g/L, initial dye concentration: 40 -100 mg/L, agitation 

speed: 150 rpm, temperature: 25°C). 

Table 2. Adsorption isotherm parameters for the adsorption of Dimozol Red onto C50M50 composites. 

Isotherms Parameters  

Langmuir qm 400 

KL 0.0597 

R2 0.9633 

Freundlich n 2.4137 

KF 60.69 

R2 0.9814 

Temkin AT 0.5803 

B 88.184 

bT 28.08 

R2 0.9505 

Dublin-Radushkevich qm,D-R 263,3 

E 0,246 

R2 0.8093 

 

4. Conclusions 

 

In this study, chitosan and marble powder was used 

to synthesize chitosan/marble powder composites as 

novel and cost-effective adsorbent. The composite 

was used to adsorp Dimozol Red anionic dye from 
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aqueous solution. Furthermore, the influence of 

several parameters such as contact time, pH, 

adsorbent dosage and initial dye concentration was 

investigated. Under the optimal conditions (pH:5; 

100 mg/L initial dye concentration, adsorbent 

dosage: 0.01g), the experimental maximum 

adsorption capacity was  achieved as 292.7 mg/g. 

Isotherm studies suggested that the experimental data 

was well fitted to the Freundlich model at all 

concentration values. Adsorption kinetic data was 

well fitted by pseudo-second-order kinetic model. 

The results show that the synthesized novel 

chitosan/marble powder composites are an efficient 

and low cost adsorbent for removal of Dimozol Red 

from aqueous solution and is a promising adsorbent 

for removing dyes from textile and other wastewater. 
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