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Abstract 

In this study, the adsorption characteristics of Naphthol Green from aqueous solution onto activated carbon prepared from 

Natural clay like Bentonite was investigated under various parameters like the adsorption capacity, initial dye 

concentration, contact time, effect of solution pH and adsorbent dosage were investigated in a batch mode. The adsorption 

isotherms data have been tested by applying both Frendlich and Langmuir isotherm models. The separation factor RL value 

was found to be between 0 and 1 for the adsorbent, it indicate that the feasibility of adsorption. The result showed that this 

activated bentonite   had a high adsorption capacity (Qo = 253.14 mg/g). The kinetics data fitted to the pseudo-first- order 

model. The results indicate that natural clay like activated bentonite could be employed the removal of textile dyes from 

industrial effluents. 
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Introduction 

Presence of dyes and pigments in industrial effluent poses 

serious effect to the environment. They are discharged from 

various industries such as food, colouring, cosmetic, paper, 

textiles and carpet industries
1
. The complex aromatic structures 

of dyes make them more stable and more difficult to degrade
2
. 

Some of the benzidine based dyes, are toxic, carcinogenic
3
 and 

also causes rapid decrease of dissolved oxygen affecting aquatic 

life species
4
.  Therefore, removal of dyes is an important aspect 

of wastewater before discharge.  Removing colour from waste 

water can be done via several methods namely chemical, 

biological and physical methods. Among these methods, 

adsorption is a widely used for removal of dyes from 

wastewater
5
. The most commonly used adsorbent for colour 

removal is activated carbon, because of its adsorption capacity 

for efficiently adsorbing a broad range of different types of 

adsorbate
6
. In this work, Acid Activated Bentonite (ABN) was 

applied for the removal of Naphthol Green dye from aqueous 

solution. 

 

Material and Methods 

Materials: The adsorbent used in the present study was Acid 

Activated Bentonite (ABN). The collected Bentonite was 

crushed well and activated by heating for 2 hours at 80ºC.  This 

activated adsorbent was used in the adsorption process. 15grams 

of natural bentonite was activated by refluxing with 200 ml 

50/50 (v/v) H2SO4 at 60ºC for 2h using round-bottom flask. The 

precipitate was cooled in air and filtered off and washed with 

double-distilled water and dried in an air oven at 120ºC for 2 h 

prior to use
7
. 

Methods of Analysis: The concentration of Naphthol Green 

dye solution was determined by using UV-VIS 

spectrophotometer (Systronics 2201). A standard solution of the 

dye was taken and the absorbance was determined at 714 nm 
8
.   

 

Batch Adsorption experiments: In this study, the experiments 

were carried out by Batch adsorption process. To find out the 

percentage of removal of dye solution = 
100 x 

C

C- C

0

e0










 

.  

Where Co and Ce are the initial and the final concentration of 

Naphthol Green respectively (mg/L)
9
. 

 

Results and Discussion 

Effect of initial concentration of the dye solution: The 

adsorption experiment was carried out with varying the 

concentration of Naphthol Green over adsorbent such as ABN 

was investigated at different range of initial concentration, 

keeping contact time (30 min), initial pH of solution (7-7.5), and 

dose (2gL
-1

). Figure -1 show that the amount of dye adsorbed 

increases with increase in concentration (97.1-93.92%) and also 

the extent of percentage removal decreases exponentially with 

increase in concentration (94.00-94.14%). This indicates that 

there exists a reduction in immediate solute adsorption owing to 

the lack of available active sites required for high initial 

concentration of dye 
10

. 

 

Effect of contact time: In order to effect of contact time on the 

removal of Naphthol Green dye, experiments were conducted at 

different contact time (from 5-35 min.) at keeping the following 

concentration 200ppm, fixed dose of ABN (2g/L) and the room 
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temperature. Figure-2 shows that the rate of removal of the 

adsorbate is higher in the beginning due to the large surface area 

of the adsorbent available for the adsorption of dye. A similar 

observation was reported (Hameed and Ahmad, 2009). After 

some time, only a very low increase in the dye uptake was 

observed because there are few active sites on the surface of 

sorbent. A same observation was reported for the adsorption of 

Malachite Green on oil trunk fibre (Hameed and Khaiary, 

2008). Therefore, the optimum time of 30 minutes was selected 

for the adsorption of Naphthol Green dye for further studies. 

 

Effect of initial pH of the dye solution: The pH is one of the 

important parameters controlling the uptake of Naphthol Green 

dye from aqueous solution by the adsorbent like ABN. Figure -3 

shows that the adsorption of Naphthol Green dyes was pH 

dependent. In case of Naphthol Green, at lower pH range 2-4, 

increased percentage removal was observed (99%) and at higher 

pH percentage removal decreased. The acidic medium is 

favourable for the adsorption process of Naphthol Green.  High 

adsorption capacity of dye at low pH indicates that, the surface 

of active carbons seems to be acidic which increase the 

protonation at their surfaces due to neutralization of negative 

charges, resulting in easier diffusion. This provides more active 

surface of the adsorbents and result into more adsorption at their 

surfaces. On increasing pH, deprotonation takes place, which 

decreases the diffusion and adsorption
11-12

. 

 

Effect of dose variation of adsorbents: The removal of the 

Naphthol Green dye was studied with different dose of ABN 

(0.5-3.5g/L) at the concentration of 200ppm with fixed contact 

time (30min) and pH (2-4). Figure-4 shows that the percentage 

removal of the Naphthol Green, increased with increase in the 

dose of adsorbent. This may be due to the availability of surface 

activities resulting from the increased dose and conglomeration 

of the adsorbent. 

 

Adsorption Isotherm: The most important models used for the 

adsorption equilibrium of the dyes are Frendlich and 

Langmuir
13

. The Langmuir model assumes that the adsorption 

of the Naphthol Green dye occurs on a homogeneous surface by 

mono- layer adsorption without any interaction between the 

dyes. But, the Freundlich isotherm assumes that the adsorption 

of the dye occurs on heterogeneous surface by mono-layer 

adsorption
14

. The correlation analysis of Freundlich and 

Langmuir isotherm data was presented in table -1. The 

applicability of the isotherm data was best explained by 

Langmuir model. Figure -5 and Figure -6 indicate that the 

adsorption of Naphthol Green dye follows the monolayer 

adsorption.  In this case, RL value found to be less than 1. 

Hence, the nature of adsorption process is favourable and the 

monolayer adsorption capacity (Qo= 253.14mg/g) of adsorbent 

in Naphthol Green. 

 

Kinetic of the adsorption: In order to find out the nature and 

order of kinetics of adsorption in the present study the 

applicability of the Natarajan and Khalaf equation is tested
15

.  

The equations are based on the fact that the adsorption follows 

first order kinetics.  A linear relationship is found out with each 

equation as shown in figure -7.  Hence, it is concluded that the 

adsorption follow the first order kinetics (The rate constant 

value below one that is 0.0952). 

Table-1 

Adsorption isotherms of Naphthol Green dye 

Adsorbent 
Freundlich isotherm Langmuir isotherm 

1/n Kf R Qo(mg/g) b(g.L
-1

) RL(L/mg) R 

ABN 0.59 1.41 0.989 253.16 0.053 0.070 0.922 
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Figure-1 

Various concentration on the percentage removal of Naphthol Green by ABN (dose 2g/L, Time 30min, pH 7-7.5) 
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Figure-2 

Effect of contact time on the percentage removal of Naphthol Green by ABN (Optimum concentration 200ppm, dose 2g/L, 

pH 7-7.5) 
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Figure-3 

Effect of pH on the percentage removal of Naphthol Green by ABN (optimum concentration 200ppm, dose 2g/L, Time 

30min) 
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Figure-4 

Effect of Dose variation on the percentage removal of Naphthol Green (optimum concentration 200ppm, Time 30min, pH 7-

7.5) 
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Figure-5 

Application of Langmuir isotherms for the removal of Naphthol Green using ABN 
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Figure-6 

Application of Freundlich isotherms for the removal of Naphthol Green by using ABN 
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Figure-7 

Nataragan and Khalf equation for the removal of Naphthol Green dye by using ABN 
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Conclusion 

This study showed that Acid activated Bentonite (ABN) acts as 

a very effective adsorbent for the removal of Naphthol Green 

dye from the aqueous solution. This result indicates that the 

adsorption process reached to 30 minutes and the dye removal 

was 96.1% with the optimum dye concentration of 200ppm, 

dose 2g/L and pH 2. The linearity of the curve and correlation 

coefficient value of isotherms such as Freundlich and Langmuir 

shows that the system covered monolayer adsorption. 

 

References 

1. Janos P., Buchtova H. and Ryznarova M., Sorption of dyes 

from aqueous solutions onto fly ash, Water Res., 37, 4938-

4944 (2003) 

2. Santhy K. and Selvapathy P., Removal of  reactive dyes 

from wastewater by adsorption on coir pith activated 

carbon, Bio-resource Tech., 97, 1329-1336 (2006) 

3. McKay G., Otterburn M.S. and Aga D.A., Evaluation of fly 

ash as an adsorbent for the removal of methylene blue from 

its aqueous solution, water and soil poll., 24, 307-322 

(1985) 

4. Shamsh P., Panday G. and Aga D.A., Orange peel as an 

adsorbent in the removal of acid orange 17(acid dye) from 

aqueous solution, Ind.J. Environmental and Health., 36, 

263-266 (1994) 

5. Sarioglu M. and Atay U.,  Removal of methylene blue by 

using bio solid, Global Nest.J., 8, 113-120 (2006) 

6. Hameed  B.H., Tan  I.A.W. and  Ahmad  A.L.,  

Equilibriums and kinetic studies on basic dye adsorption by 

oil palm fibre activated carbon, Chem.Engg.J., 127, 111-

119 (2007) 

7. Ozcan  A.S. and  Ozcan  A.,  Adsorption of acid dyes from 

aqueous solution onto acid-activation, J.Colloid and 

Interface Sci., 39, 276 (2004) 

8. Ozacar M. and Sengil I.A., A kinetic study of metal 

complex dye sorption onto pine saw dust, process Biochem, 

40, 565 (2005) 

9. Clifton-Hadley R.S. and Alderman D.J., The effect of 

malachite green upon proliferative kidney disease, J. Fish. 

Dis., 10, 101-107 (1987) 

10. Ozacar M. and Sengil I.A., A kinetic study of metal 

complex dye sorption onto pine saw dust, process 

Biochem., 40, 565 (2005) 

11. Gong R.M.,  Zhu  S.X.,  Zhang  D.M.,  Chen  J.,   Ni  S. J. 

and  Guan  R., Adsorption behaviour of cationic dyes on 

citric acid etherified wheat straw: Kinetic and 

thermodynamic profile, Desalination., 230, 220 (2008) 

12. Giles C. and Smith D., General treatment and classification 

of the solute sorption isotherms, J. Coll. Interf. Sci., 47, 755 

(1974) 

13. Yang- Chang and  Dong-Hwang Chen., Preparation and 

adsorption properties of monodisperse chitosan -bound 

Fe3O3 magnetic nanoparticles for removal of Cu (II) ions, 

J.Colloid and Inteface Sci., 283, 446-451 (2005) 

14. Gong R.M.,  Zhu  S.X.,  Zhang  D.M., Chen  J.,  Ni  S.J. 

and  Guan  R.,  Adsorption behaviour of cationic dyes on 

citric acid etherified wheat straw: Kinetic and 

thermodynamic profile, Desalination, 230, 220 (2008) 

15. Natarajan G.S  and  Khalf N.A.,  Proc Indian Acad Sci.,  

97, 607-615 (1986) 

 


