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ABSTRACT  

Adsorption equilibrium, kinetics of 4-chlorophenol (4-CP) one of the chlorophenols (CPs) onto bituminous 

coal based Filtrasorb-400 grade granular activated carbon and polymeric adsorbents were studied in 

aqueous solution in a batch system. Langmuir isotherm models were applied to experimental equilibrium 

data of 4-CP adsorption. Equilibrium data fitted very well to the Langmuir equilibrium models of 4-CP. 

Adsorbent monolayer capacity ‘Qo’ Langmuir constant b and adsorption rate constants ka were evaluated. 

Adsorption using GAC is very rapid in the first hour of contact where 60 - 70 % of the adsorbate is removed 

by GAC followed by a slow approach to equilibrium, whereas in case of polymeric adsorbents 50-60 % of 

the adsorbate is removed in the first 30 min which is then followed by a slow approach to equilibrium. 

Comparative adsorption capacity of different adsorbents used is observed to be in following order   F 400    

>    XAD-4    >    XAD-1180    >      XAD-7HP 

Keywords: Batch adsorption, Equilibrium, Kinetics, 4-CP, GAC, XAD-7HP, XAD-1180, XAD-4.. 

 

INTRODUCTION 

Human health has been badly affected in recent years due to increasing pollution caused by growing 
industries. Water pollution in this respect contributes to a greater extent. The levels of pollutants 
allowed in discharge waters, are directly related with the type of pollutant present in the effluent. As a 
result elimination of organic pollutants in aqueous solution needs one or various basic treatment 
techniques 1.  Chlorophenols (CPs) constitute a particular group of priority toxic pollutants listed by the 
US EPA in the Clean Water Act2 because most of them are toxic and hardly biodegradable, and are 
difficult to remove from the environment. CPs might produce disagreeable taste and odor to drinking 
water at concentrations3 below 0.1g l−1 and adverse effects on the environment4. The limiting 
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permissible concentration of CPs in drinking water should not exceed5 10 µg l−1 . Adsorption is an 
important technique in separation and purification processes which is used in water and wastewater 
industry to the removal of color, odor, and organic pollution6, 7. Adsorption on activated carbon is 
widely employed to great advantage whenever it comes to the removal of toxic and refractory organic 
chemicals at tertiary levels. There are many reported instances8-18 of phenol adsorption on activated 
carbon, in fibrous and granular form, where the carbon was subjected to various pretreatments before 
use. A comparative study on the performance of certain resins and activated carbon   found that 
Filtrasorb 400 GAC is more effective in removing organics as compared to XE-340 or IRA 904 19, 20. 
Webb compared the ability of XAD grade of resins to adsorb microgram amounts of five polar organics 
(acids, phthlates, alcohols, and phenols), and reported the effectiveness of adsorbents in the order XAD-
4 > XAD-2 > XAD-7 > XAD-8 21. 

  In the present investigation, equilibrium and kinetics studies of adsorption of 4-chlorophenol (4-CP) 
from aqueous solution on granular activated carbon and three grades of polymeric adsorbents has been 
carried out. Commercially available granular activated carbon (GAC) namely Filtrasorb-400 (F-400) 
and three grades of synthetic polymeric adsorbents namely Amberlite XAD-4, XAD-7HP and XAD-
1180 were used. Amberlite XAD-4 is a white insoluble polymeric adsorbent. It is a non-ionic cross-
linked polymer, which derives its adsorptive properties from its patented macroreticular structure large 
surface area. Amberlite XAD-7HP and Amberlite XAD-1180 are also white insoluble polymeric 
adsorbent having micoreticular structure and large adsorptive surface area. The properties of GAC and 
polymeric adsorbents are reported in Table-1 & 2 respectively. 

Table-1: Physico-chemical properties of adsorbent Filtrasorb-400 

 

 

 

 

 

 

 

 

 

Table -2: Physico-chemical properties of XAD Resin 

 

 

 

 

 

Pretreatment of adsorbent: In the present investigation commercially available granular activated 
carbon (GAC) namely Filtrasorb-400 (F-400) and three grades of polymeric adsorbents (XAD resins) 
were used as adsorbents. Adsorbent samples subjected to the proximate and ultimate analysis, N2-BET 

Properties F-400 
N2-BET Surface area 998     m2/g 
Particle density 0.795 g/cm3 
Pore volume 0.825 g/ cm3 
Porosity 0.65 
Phenol-BET Surface area 480    m2/g 
Moisture 1.9    wt % 
Ash 6.1     wt % 
Volatile matter 2.7     wt % 
Fixed carbon 89.3   wt % 
Mineral matter 6.71   wt % 

Adsorbent  Moisture N2-BET Surface 
area m2/g 

Specific gravity Porosity 

XAD 4 54 – 60 % 750 1.01 – 1.03 0.50 

XAD 7HP 61 – 69 % 380 1.06 – 1.08 0.50 

XAD 1180 61 – 67 % 500 1.015 – 1.025 0.60 
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surface area and scanning electron microscopy (SEM). The properties of GAC and XAD resins are 
reported in Table-1 & Table-2 respectively.          

EXPERIMENTAL 

Adsorption equilibrium studies: A 500 ml round bottom flask containing 250 ml of distilled water 
was immersed in the thermostat bath. The content were constantly stirred at 800 + 50 RPM and allowed 
to attain the temperature of the bath. A calculated quantity of the stock solution was introduced into the 
distilled water with the help of graduated pipette. The solution was allowed to mix thoroughly. As the 
temperature is reached, 0.25 + 0.001 g of the adsorbent sample was then introduced into the solution 
with the stirring speed at 800 + 50 RPM. Stirring was continued till the concentration of the aqueous 
phase showed no detectable change in UV absorbance. The equilibrium was attained in about 4 hours. 
As a precautionary measure, experiments were continued for five hours.  

Adsorption Kinetics: For adsorption kinetics studies a 5-liter Borosil glass beaker fitted with baffles 
was used. Three liters of experimental solution was prepared by adding appropriate amount of stock 
solution into boiled and cooled distilled water. 3.00 + 0.0001 g of given adsorbent sample was 
introduced into the solution at a given instant of time. 5 ml of experimental solution was withdrawn at 
desired interval of time with the help of syringe and concentration of adsorbate in the aqueous phase 
was estimated by UV analysis.  

Analytical method: The adsorbate concentration was determined by using UV-Visible 
spectrophotometer. Adsorbate 4-CP has very strong absorption band in the range 270 - 300 nm to and 

had high molar extinction coefficient value (∈). This naturally served as a very simple, reliable and 
rapid method for analyzing the adsorbate concentration in water. To begin with substrate of known 
concentration was scanned in the UV region (190-380 nm) to determine its wavelength of maximum 

absorbance (λmax).   

RESULT AND DISCUSSION 

The equilibrium isotherms obtained for 4-CP adsorption onto different adsorbents obeyed the Langmuir 
equation with very high regression coefficient above 0.98 indicating a very good linear fit in all the 
cases. The adsorption equilibrium isotherms for 4-CP with respect to all the adsorbents used in the 
present study are depicted in Fig.-1.  The Langmuir expression is given as,  

 

 

Langmuir isotherm plots for 4-CP adsorption onto different adsorbents are depicted in Fig.-2  

Absorbate removal rate studies: A simplified interpretation of the kinetic data based on Langmuir 
theory has been used for interpreting the kinetic data. The plots of removal rate of 2,4 D using different 
adsorbents with respect to time are depicted in Fig-3. Adsorbate removal rate is expressed as a function 
of directly measurable fluid phase adsorbate concentration. Langmuir theory assumes that the rate of 
adsorption is proportional to the product of adsorbate concentration in fluid phase and the fraction of 
the vacant adsorbent surfaces. The fraction of the surface covered by the adsorbate, Q, will be 
proportional to the decrease in fluid phase adsorb ate concentration, thus  

 

 and,      

 Where, ka and kd are adsorption and desorption rate constants. Co, Ct and Ce are the fluid phase 
adsorbate concentrations at zero, time t and at equilibrium respectively and f is proportionality constant. 
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Substituting Eqn. (3) in Eqn. (2) and solving the 
state gives the final expression 
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The adsorption rate constant ‘ka’ thus evaluated by plotting ln [(Ct
depicts these plots for the adsorbate-adsorbent systems for all the studied temperatures in the present 
work. The plots also show the rate expressions obtained by linear regression analysis of the kinetic data.  
The experimentally determined values of adsorbent monolayer capacity ‘Qo‘and Langmuir constant ‘b’ 
at all the five temperatures are summarized in Table

Depending upon nature of adsorbents adsorption capacity of different adsorbents varies. Plot of % 
adsorption onto different adsorbents used is depicted in 
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Substituting Eqn. (3) in Eqn. (2) and solving the resultant equation by applying the concept of steady 

4   --------       
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The adsorption rate constant ‘ka’ thus evaluated by plotting ln [(Ct-Ce) / (Ct+a)] against t. Figs. 4
adsorbent systems for all the studied temperatures in the present 

work. The plots also show the rate expressions obtained by linear regression analysis of the kinetic data.  
orbent monolayer capacity ‘Qo‘and Langmuir constant ‘b’ 
Table-4.  

Depending upon nature of adsorbents adsorption capacity of different adsorbents varies. Plot of % 
depicted in Fig. 5. 
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Figs. 4 
adsorbent systems for all the studied temperatures in the present 

work. The plots also show the rate expressions obtained by linear regression analysis of the kinetic data.  
orbent monolayer capacity ‘Qo‘and Langmuir constant ‘b’ 

Depending upon nature of adsorbents adsorption capacity of different adsorbents varies. Plot of % 
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                                     Table -3: Physico-chemica

 

 

 

 

 

Mol. Wt. 

Water solubility mol/L at 30 

λ max (nm) 

∈  (cm-1 mol-1 dm
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chemical properties of 4-CP 

 

 

128.56 

Water solubility mol/L at 30 o C 0.2107  

279 

dm-1) 1463.3 
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Table 4: Comparative adsorbent monolayer capacity and Langmuir constant for

 

CONCLUSIONS    

The present work has led to some important conclusions as stated below

4-CP adsorption using GAC F-400 is rapid in th
is removed by GAC F-400 followed by a slow approach towards equilibrium. In case of polymeric 
adsorbents 50-60 % of the adsorbate is removed in the first 30 min of contact time which is then 
followed by a slow approach to equilibrium. The adsorption of 4
granular activated carbon and polymeric adsorbents confirms to a Langmuir equation based on a 
monomolecular layer. Comparative adsorbent monolayer capacity of GAC F
three polymeric adsorbents used.The order of adsorptive capacity of 4
in the study is found to be in following order F

NOMENCLATURE 

b = Langmuir constant;    C = concentration of the adsorbate in liquid phase (mol/L)

Co = initial concentration of the adsorbate (mol/L);  Ce = equilibrium concentration of the adsorbate (mol/L);  
ka= adsorption rate constant  (min-1);  Qo  = adsorbent monolayer capacity  (mol/g); 

Qe = adsorbent phase concentration at equilibrium (mol/g); R  = universal gas constant (JK

T  = temperature of the system (K) 

 

 
No. Adsorbent Slope  Intercept
     
1 F 400 563.54  0.0179 
2 XAD 4 2181.7  0.625 
3 XAD 1180 1641.9      0.6303
4 XAD 7HP 2331.2  0.9535 
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monolayer capacity and Langmuir constant for 4-CP

 

 

 

present work has led to some important conclusions as stated below:  

400 is rapid in the first hour of contact where 60 - 70 % of the adsorbate 
400 followed by a slow approach towards equilibrium. In case of polymeric 

60 % of the adsorbate is removed in the first 30 min of contact time which is then 
by a slow approach to equilibrium. The adsorption of 4-CP from aqueous solution on to 

granular activated carbon and polymeric adsorbents confirms to a Langmuir equation based on a 
monomolecular layer. Comparative adsorbent monolayer capacity of GAC F-400 is greater than all the 
three polymeric adsorbents used.The order of adsorptive capacity of 4-CP on different adsorbents used 

F-400 > XAD-4 > XAD-1180 > XAD7HP 

tration of the adsorbate in liquid phase (mol/L) 

Co = initial concentration of the adsorbate (mol/L);  Ce = equilibrium concentration of the adsorbate (mol/L);  
1);  Qo  = adsorbent monolayer capacity  (mol/g);  

rbent phase concentration at equilibrium (mol/g); R  = universal gas constant (JK-1 mol-1);

Intercept  Qo x 104   Ce x 104   b 
 mol/g    mol/L   

  17.74  0.0673-5.25  31482.68 
 4.58  1.25-15.1  3490.72 

0.6303  6.09  1.12-14.1  2604.95 
  4.29  1.13-16.6  2444.88 

A.S.Ghatbandhe et al.         

CP 

the adsorbate 
400 followed by a slow approach towards equilibrium. In case of polymeric 

60 % of the adsorbate is removed in the first 30 min of contact time which is then 
CP from aqueous solution on to 

granular activated carbon and polymeric adsorbents confirms to a Langmuir equation based on a 
is greater than all the 

CP on different adsorbents used 

Co = initial concentration of the adsorbate (mol/L);  Ce = equilibrium concentration of the adsorbate (mol/L);  

1); 
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