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ABSTRACT   
 
Adsorption of crystal violet (CV) in aqueous solution on commercial activated carbon (CAC) and activated carbon 
obtained from Syzygium cumini seed (SCSC) have been studied comparatively. The effect of various experimental 
parameters has been investigated using a batch adsorption technique to obtain information on treating effluents 
from the dye industry. The extent of dye removal increased with decrease in the initial concentration of the dye and 
increased with increase in contact time, amount of adsorbent used and the initial pH of the dye solution. Adsorption 
data were modeled using the Freundlich and Langmuir adsorption isotherms and first order kinetic equations. The 
kinetics of adsorption was found to be first order with regard to intra-particle diffusion as rate determining step. 
The adsorption capacities of dyes have been compared. The results indicate that Syzygium cumini seed carbon can 
be used in wastewater treatment for the removal of colors and dyes. 
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INTRODUCTION 

 
Many industries, such as dyestuffs, textile, paper and plastics, use dyes in order to color their products and also 
consume substantial volumes of water. As a result, color is the first contaminant to be recognized in waste water [1]. 
It’s not only aesthetically displeasing but also hinder light penetration and may in consequence disturb biological 
process in water – bodies. More over, dyes itself are toxic to some organisms and hence disturb the ecosystem [2]. In 
addition, the expand uses of dyes have shown that some of them and their reaction products such as aromatic amines 
are highly carcinogenic which make the removal of dyes before disposal of the wastewater is necessary [3].  
 
 Most of the dyes are stable to photo degradation, bio-degradation and oxidizing agents [4]. Some physical or 
chemical processes are used to treatment of wastewaters. However, these processes are costly and cannot effectively 
be used to treat the wide range of dyes wastewater. Biological treatment process is reported to be efficient in the 
removal of suspended solids and reduction of chemical oxygen demand but is largely ineffective in removing color 
from wastewater [5]. Hence investigations have been conducted on physicochemical methods of removing color 
from textile effluent. These studies include the use of coagulants [6], oxidizing agents, ultra filtration, 
electrochemical [7], surfactant [8], electrodialysis [9] and adsorption techniques [10]. Among several chemical and 
physical methods, the adsorption onto activated carbon has been found to be superior to other techniques for 
removal of dyes from aqueous in terms of methodology, its capacity for efficiently adsorbing a broad range of 
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different types of adsorbate and simplicity of design of adsorbent [11]. Commercial activated carbon is usually 
derived from natural materials such as wood or coal and therefore is still considered expensive [12]. This has led to 
the search for cheaper substitutes. Hence, low-cost activated carbons based on agricultural solid wastes are 
investigated for a long time. Agricultural by products and waste materials used for the production of activated 
carbons include plum kernels [13], cassava peel [14], bagasse [15], jute fiber [16], palm tree cobs [17],  olive stones 
[18,19], date pits [20], nutshells [21] saw dust [22], wheat shells [23] and hen feathers [24]. Recently, several solid 
materials have been recently used for the adsorption of basic dyes [25-29]. In the present study, activated carbon 
obtained from Syzygium cumini seed carbon (SCSC) is used for the removal of Crystal Violet (CV). 
 

EXPERIMENTAL SECTION 
 

ESICO Microprocessor Photocolorimeter (model no. 1312) was used for all absorbance measurements O.D at 588 
nm (λmax). The optical density values are calculated before and after adsorption experiment. A calibrated digital pH 
meter was used for pH measurements. The commercial activated carbon (CAC) was supplied by E.Merck, India. 
Raw materials for the preparation of SCSC, were procured locally, washed, cut into small pieces and dried. The raw 
materials were then carbonized (at 300 °C) acid treated and washed.  
 
The materials were finally sieved to discrete particle sizes (90,120,150,210 and 250 microns). They are then dried at 
120 °C for 5 hours in an air oven. Crystal Violet supplied by BDH was used as an adsorbate. All other chemicals 
used in this study were reagent grade and supplied by BDH (India). Double distilled water was used for preparing all 
the solutions and reagents. 
 
A stock solution of Crystal violet (1000 mg L-1) was prepared and suitably diluted to the required initial 
concentrations. Adsorption experiments were carried out of 200 RPM agitation speed (mechanical shaker, Neolab, 
India) at room temperature (30 ± 1°C) under batch mode [30] as per the experimental conditions detailed in the 
given Table 1. 
 
The percentage removal of dye and amount adsorbed (mg g-1) were calculated using the following relationships, 
 
Percentage removal      =  100 (Ci – Ce) / Ci      ------------------------- (1) 
Amount adsorbed (qe)  =   (Ci – Ce) / m            ------------------------- (2) 
 
Where Ci and Ce are the initial and final equilibrium concentration (in mg L-1) of dye, respectively and m is the mass 
of adsorbent (in g L-1). The error in the adsorption data are ±1-2% for removal and ±0.0025-0.005 mg for amount 
adsorbed. The standard curve is drawn optical density against concentration, the straight line is obtained. From this 
line, we calculated the concentration of dye solution before and after adsorption experiment.  

 
Table 1. Experimental conditions for the series of adsorption experiments for the  removal of Crystal Violet 

 

Var ia t ion  
In i t ia l  

Concen t ra t ion  
( mg /L)  

Con tac t  
t ime  

( min )  

Dose  o f   
adsorben t  

(g /L)  

In i t ia l  
pH  

Par t i c le  
s i ze  

In i t ia l  
concen tra t ion  
CAC 
SCSC 

 
 

275-400  
10 -25  

 
 

30 
30 

 
 

2  
2  

 
 

6 .2  
6 .2  

 
 

90 
90 

Con tac t  t ime 
CAC 
SCSC 

 
275 
10 

 
5 -60  
5-60 

 
2  
2  

 
6 .2  
6 .2  

 
90 
90 

Adsorben t  
dose  
CAC 
SCSC 

 
275 
10 

 
30 
30 

 
1 .4 -2 .6  
1 .4 -2 .6  

 
6 .2  
6 .2  

 
90 
90 

In i t ia l  pH 
CAC 
SCSC 

 
275 
10 

 
30 
30 

 
2  
2  

 
3 .0 -
11 .9  

2 .8 -9 .1  

 
90 
90 

Par t ic le  s ize  
SCSC 

 
10 

 
30 

 
2  

 
6 .2  

 
90 -250  
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RESULTS AND DISCUSSION 
 

In all, five different sets of adsorption experiments were carried out by varying the following experimental 
parameters with other parameters kept constant (table 1).  
 
(i) initial concentration of Crystal Violet 
(ii)  contact / agitation time 
(iii)  dose of adsorbent (CAC/SCSC) 
(iv) initial pH of the dye solution 
(v) particle size of SCSC 
 
Effect of Initial Concentration 
The studies on the removal of Crystal Violet by CAC and SCSC were carried out at different initial concentration of 
dye from 275 to 400 ppm (CAC) and 10 to 30 ppm for (SCSC) and the other parameters are constant. 
 
 The percentage removal decreases with the increase in dye concentration (figure 1). This indicates that there exists a 
reduction in immediate solute adsorption, owing to the lack of available active sites required for the high initial 
concentration of dye (CV). The relative increase in the percentage removal of   Crystal Violet below the dye 
concentration of 275 ppm for CAC and 10 ppm for SCSC and hence, they are fixed as the optimum initial 
concentrations for further adsorption experiments. Similar results have been reported in literature on the extent of 
removal of dyes [31-33] and metal ions [34]. 
 
Adsorption isotherm: 
The study of adsorption isotherm has been of important and significant in the waste water treatment by adsorption 
technique as they provide an approximate estimation of the adsorption capacity of the adsorbent (Table 1). The 
equilibrium data for the removal of dye on CAC at 30 + 1°C were used in the Langmuir and Freundlich isotherms.  
 
Freundlich isotherm log qe  =  log Kf + (1/n) log ce  ------------------------- (3) 
Langmuir isotherm Ce/qe  =  (1/Qob) + (Ce / Qo)    ------------------------- (4) 
 
The data obtained from the adsorption experiments were fitted into Langmuir and Freundlich isotherms respectively 
by plotting ce/qe and log (x/m) against Ce and log Ce. They are found to be linear, indicating the formation of mono 
layer of adsorbate on the outer surface of adsorbent and after that no further adsorption takes place (figure 2 and 3). 
The monolayer adsorption capacities of the adsorbents (based on Q0 values) are found to be the order of SCSC < 
CAC. Further, the essential characteristics of the Langmuir isotherms can be described by a separation factor (RL). 
The values of separation factor (RL) indicates the shape of the isotherm and nature of the adsorption process as given 
here, 
RL values         Nature of the adsorption process 
RL >1             is Unfavorable, 
RL = 1            is Linear 
0 < RL >1          is Favorable and 
RL = 0             Irreversible. 
 
Table 2.   Results and correlation analysis for the adsorption isotherm for the removal of Crystal Violet dye by CAC and 

SCSC 

Parameters 
Adsorbents 

CAC SCSC 
Freundlich isotherm 
Slope (1/n) 
Intercept (log K) 
Correlation Coefficient (r) 
Langmuir isotherm 
Slope (1/Q0) 
Intercept (1/Q0b) 
Correlation Coefficient (r) 
Q0(mg g-1) 
b(gL-1) 
RL 

 
0.2087 
0.77 
0.922 

 
0.0025 
0.0022 
0.98 
400 

1.1364 
0.0032 

 
1.0 
0.11 

0.9915 
 

0.0048 
0.096 
0.8641 

210 
0.0496 
0.6684 
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In the present study, the values are found to be in the range of 0-1, indicating that the adsorption process is favorable 
for the adsorbent [35]. The data were given in Table 2. 

 
Effect of contact time 
In these experiments, initial concentration of CV dye on CAC and SCSC were 275and 10 ppm respectively. The 
effect of contact time (5, 10, 15, 20 …. 60 min) was investigated at 100 mg / 50 ml sample dosage. The extent of 
removal of dye by CAC and SCSC was found to increase, reached a maximum value with increase in contact time. 
The contact time at which the maximum percentage removal of dye occurs is fixed as the contact time (figure 4). 
The following kinetic equations were used for the adsorption of dye under the condition of first order kinetics 
(figure 5, 6 and 7). 
 
Natarajan and khalaf equation          : Log (Ci / Ct) = (kad / 2.303) t ------------- (5) 
Lagergren equation          :  Log (qe – qt) = log qe – (kad / 2.303) t --- (6) 
Bhattacharya-Venkobacher equation  : Log (1-U(T)) – (kad / 2.303) t ---     ----- (7) 
 
Where Ci and Ct are the concentration of dye (in mg L-1, at time zero and at time t respectively, qe and qt are the 
amount of dye adsorbed per unit mass of the adsorbent (in m g-1) at equilibrium time and time t respectively : U(T) : 
(Ci – Ce) / (Ct – Ce), Ce is equilibrium dye concentration (in mg L-1) and  kad are the first order rate constants (in min-

1). The values of log (Ci / Ct), log (qe / qt) and log (1-U(T)) were correlated with time.  
 
Intra – particle diffusion study  
The possibility of intra – particle diffusion was explored by using the intra-particle diffusion model [36].  
  

qt = kp t
½ + c ------------------- (8) 

 
Where qt is the amount of dye adsorbed at time t; c is the intercept and kp is the intra-particle diffusion rate constant 
(in mg g-1 min -½). The values of qt were found to be linearly correlated by using correlation analysis. The 
applicability of this model indicates the presence of intra-particle diffusion process (figure 8 and 9). 
 
Effect of adsorbent dosage 
The dose of 70, 80, 90, 100, 110, 120 and 130 mg in 50ml was used keeping other factors as constant. The extent of 
removal of dye was found increase; reach an equilibrium value with increase in dosage of adsorbent [37].  It is due 
to the increased availability of active adsorption sites (figure 10). 
 
Effect of pH 
Initial pH of solution was adjusted to 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 at optimum condition of dye concentration, 
adsorbent dosage and contract time. The increase of pH increases the amount of dye adsorbed (figure 11). It depends 
upon the nature of surface functional group of the adsorbent and the nature of the dye.  
 

Table 3. Kinetics and dynamics of adsorption of Crystal Violet by adsorption on CAC and SCSC 

Parameters 
Adsorbent 

CAC SCSC 

Natarajan and Khalaf equation 
Correlation coefficient (r) 
K (min-1) 
Lagergren equation 
Correlation coefficient (r) 
K (min-1) 
Bhattacharya and Venkobacher equation 
Correlation coefficient (r) 
K (min-1) 
Intra-particle diffusion model 
Kp 
Correlation coefficient (r) 
Intercept 
Log time Vs log percentage removal 
Slope 
Intercept 
Correlation coefficient 

 
0.900 
0.2568 

 
0.989 
0.3239 

 
 

0.988 
0.3233 

 
0.6705 
0.919 
268.65 

 
0.0038 
1.992 
0.972 

 
0.9672 
0.1478 

 
0.9545 
0.1971 

 
 

0.9554 
0.8565 

 
0.0558 
0.9664 
8.89 

 
0.0225 
1.945 
0.9425 



M. Meenakshi Sundaram et al                               J. Chem. Pharm. Res., 2012, 4(4):2070-2080     
______________________________________________________________________________ 

2074 

Effect of Particle Size 
The effect of particle size of the adsorbent on the extent of removal of dyes by SCSC was studied under constant 
optimum experimental conditions of initial concentration of dye, contact time and dose of the adsorbent by varying 
the particle size (90, 125, 150, 210 and 250 microns) of the adsorbent. The effect of particle size of adsorbent on the 
extent of removal of dyes indicates that the rate of dye uptake increases with the decrease in particle size (figure 12). 
This is due to the increase in the availability of surface area of the adsorbent with the decrease in particle size [38]. 
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CONCLUSION 
 

The removal of dye CV by adsorption process on SCSC as an adsorbent was found to decrease with increase in 
initial concentration of dye, increase with increase in contact time, and increase with increase in dose of adsorbent 
and increase with increase in PH. The present study concludes that SCSC can be used as a better adsorbent for the 
effective removal of dyes from water and waste water. 

 
REFERENCES 

 
[1]. Y.M. Slokar, M.A Majcen. Dyes and pigments, 1997, 37(4), 335-356. 
[2]. J.C Greene and G.L Baughman. Textile chemist colorist, 1996, D8 (4), 23. 
[3]. Kirk-Othomer, Encyclope chemical technology, 8th ed, 1994, 547-672. 
[4].M. Ozacar, I.A Sengil, J Hazard Mater, 2003, B98, 211-24. 
[5]. S.Coia- Ahlman and K.A. Groff, J. Water Pollu, 1990, 62, 473. 
[6]. A. Bozdogan and H. Gokoil, Mu Fen Bilimeri Dergisisayi, 1983, 4, 83. 
[7]. Z. Ding, C.W. Min and W.Q. Hui, Water Sci. Technol., 1987, 19 (3/4), 39. 
[8]. O.R.Shendrik, Kimiyi Technology Vody, 1989, 11, 467. 
[9]. V.M. Endyuskin, S.Filippou, V. Selezenkin and S.D. Dailov, Khimiyai Tekhnologiya Vedy,   1983, 5, 421. 
[10]. I. Arranitoyannis, I. Euffheriadis and E. Kavlentis, Chemosphere, 1987, 16, 2523. 



M. Meenakshi Sundaram et al                               J. Chem. Pharm. Res., 2012, 4(4):2070-2080     
______________________________________________________________________________ 

2080 

[11]. K.C.Bhattacharya, A.Sharma, Dyes Pigments 2003, 7, 211-22. 
[12]. B.K.Singh, N.S.Rawat. J chem. Technol Biotechnol, 1994, 61, 307-17. 
[13]. F.C.Wu, R.L.Tseng and R.S. Juang, J chem Technol Mater, 1999, B69, 287-302. 
[14]. S.Rajeshwarisivaraj, P.Senthilkumar, and V.Subburam. Bioresour Technol, 2001, 80, 233-235. 
[15]. W.T.Tsai, C.Y.Chang, M.C Lin, S.F.Chien, H.F.Sun and M.F.Hsieh, Chemosphere 2001, 45, 51-8. 
[16]. S.Senthilkumar, P.R.Varadarajan, K.Porkodi and C.V.Subbhuraam, J collid Interface Sci 2005,    284, 78-82. 
 [17]. Abdellah Aziza, Mohand Said Oualia, El Hadj Elandaloussia, Louis Charles De Menorval , Marc 
Lindheimerb, Journal of Hazardous Materials, 2009, 163, 441–447. 
[18]. A.H.EL-Sheikh and A.P.Newman, J Anal Appl pyrolysis, 2004, 71, 151-64. 
[19]. B.S.Girgis, and A.A.EI-Hendawy, Microporous Mesoporous Mater, 2002, 52, 105. 
[20]. A.Aygtin, S.Yenisoy-karakas and I.Duman, Microporous Mesoporous Mater, 2003, 66, 189-95     
[21]. V.K. Garg, A.Moirantthem, K.Rakesh and G. Renuka, Dyes Pigments, 2004, 63, 243–250. 
[22]. Y.Bulut, N.Gozubenli and H.Aydın. J. Hazard Mater, 2007, 144, 300–306. 
[23]. A.Mittal, L.Kurup and J.Mittal, J. Hazard Mater, 2007, 146, 243–248 
[24]. W.T.Tsai, K.J Hsien and J.M Yang. J. Colloid. Interface Sci, 2004, 275, 428–434 
[25]. B.S.Inbaraj, J.T.Chien, J.Yang and B.H.Chen, Biochem. Eng. J. 2006, 31, 204–215. 
[26]. Y.Bulut and H.Aydın, Desalination, 2006, 194, 259–267. 
[27]. G.Crini, H.N.Peindy, F.Gimbert and C.Robert, Sep. Purif. Technol, 2007, 53, 97– 110. 
[28]. M.I.El-Khaiary, J. Hazard. Mater, 2007, 147, 28–36. 
[29]. N.Kannan and M.Meenakshi Sundaram, Water, Air, Soil Poll, 2002. 138, 289-305. 
[30]. G.Annadurai and M.R.V.Krishnan, Indian J.Environ. Protect, 1996, 16, 44.  
[31]. N.Deo and M.Ali, Indian J. Environ. Protect, 1993, 13, 508. 
[32]. J.Samusolomon and P.Martin Devaprasath, J.Chem.Pharm.Res, 2011, 3(5), 478-490. 
[33]. S.Arivoli, R.Prabhakaran,M.Hema and C.kamatchi, J.Chem.Pharm.Res, 2011, 3(5), 532-543. 
[34]. N.Kannan and S.Murugael, Global Nest Journal, 2008, 10(3), 395 – 403.  
[35]. S.Senthil kumar, P.R.Varadarajan, K.Porkudi and C.V.Subbhuraam,. J.Colloid Interface Sci.,  2005, 284, 78-
82. 
[36]. I.Deo Mall, chemosphere 2005, 61, 492-501. 
[37]. M.K.Purkait, Journal of Hazardous materials, 2007, 145, 287-295. 
[38]. D.Kavitha and C.Namsivayam, Bioresource Technology, 2007, 98, 14-21. 


