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ABSTRACT 
Adsorption technique is widely used for removal of toxic organic contaminants from aqueous 
streams. Although commercial activated carbon is an effective adsorbent, its widespread used is 
restricted due to its high cost and substantial lost during regeneration. The aim of this study is to 
investigate the possibility of fly ash as an alternative adsorbent for phenol removal from aqueous 
solution. The removal characteristics of para-chlorophenol from aqueous solution by fly ash were 
investigated under various conditions of contact time, particle size, pH concentration and temperature. 
The level of uptake of para-chlorophenol by fly ash decreased with increasing particle size and pH 
but increases with temperature. Rate constants for different conditions were evaluated in terms of 
first-order kinetics. The experimental results underlined the potential of fly ash for recovery of para- 
chlorophenol from waste water. The main mechanisms involved in the removal of para-chlorophenol 
from solution by fly ash were electron with drawing effect of chloro group of benzene ring and 
adsorption at the surface of the fly ash. It was found that these low cost fly ash adsorbent 
demonstrated good removal capability of phenol and hence can be used economically on large scale. 
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INTRODUCTION 
Phenol and chlorinated phenols are pollutants of 
great concern because of their toxicity and also 
known or suspected to be carcinogenic when 
present at significant levels in the environment. 
In industry as well as day-to-day life substituted 
phenolic compounds are widely used. Due to 
their high stability, high toxicity and carcinogen -
nic nature, they have caused considerable 
damage and threaten ecosystems both in water 
bodies and for human health. Chronic toxic 
effects due to phenolic compounds reported in 
humans include vomiting difficulty in 
swallowing, anorexia, liver and kidney damage, 
headache, fainting and other mental disturbance. 
Among the different organic pollutions of 
aquatic ecosystems, phenols, especially the 
chlorinated ones are toxic to animals and human 
even at low concentration.1  Chlorine substitution 
on phenols does not only increase water taste and 
odour but also its toxicity effects. These are 
present in the effluents of a number of industries, 
such as high temperature coal conversion, 
petroleum refining, leather and plastics 
manufacturing etc.  The efficient elimination of  

phenolic compounds in wastewater has thus 
become an urgent need. Since chlorophenols are 
not amenable to biodegradetion except at very 
low concentrations other methods such as chemi-
cal oxidation, coagulation, solvent extraction, 
incineration, reverse osmosis, irradiation, liquid 
membrane permeation and adsorption are 
commonly used for their removal.2  However the 
short comings of most of these methods are high 
investment and maintenance costs, secondary 
pollution (generation of toxic sludge etc.) and 
complicated procedure involved in the treatment.  
Adsorption processes do not add undesirable by-
products and have been found to be superior to 
other techniques for wastewater treatment in 
terms of simplicity of design and operation and 
insensitivity of toxic substances.3 Among all the 
methods mentioned above adsorption appears to 
offer the best prospects for overall treatment 
especially for the effluents with moderate and 
low concentrations. So adsorption as green 
technology using activated carbon is currently 
being used extensively for the removal of 
pollutants from gaseous and liquid phases. The 
main disadvantages associated with this 
adsorbent are the high regeneration cost 
intraparticle resistance in adsorption process and *Author for correspondence 
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poor mechanical strength.4 Various industrial 
wastes and agricultural materials such as paper 
mill sludge, coal, dried sewage wastewater 
hyacinth ash, green macro alga and rice husk ash 
and coal fly ash have been explored for their 
technical visibility to remove phenols.5-7  FA has 
been the most widely used adsorbent for organics 
removal from aqueous phase. The activated 
carbon adsorption is highly expensive. FA  is 
cheap and locally available adsorbent and it is 
found in abundance in India and  is one such 
material and can be an alternative to active 
carbon. It is finely divided mineral residue 
resulting from powdered coal in thermal power 
plant. So utilization of low-cost FA deserves 
greater attention in the field of wastewater 
management. The present studies have been 
conducted  to investigate the effect of of 
system variables, particle size of adsorbent, pH 
of adsorbate, initial adsorbate concentration and 
temperature of the system on the kinetics of  
Para- Chloro Phenol (PCP) adsorption on fly ash 
produced from thermal power plant. The 
applicability of   kinetic models the pseudo-
first  order models of Lagergren is analyzed by 
estimation of the corresponding rare parameter 
and correlation coefficients.  

AIMS AND OBJECTIVES 
To compare the performance and effectiveness    
of    the  adsorbents     in     removing   PCP  by  

adsorption from  wastewater. To determine the 
effect of size, pH concentration and temperatu 
-re on adsorption process. To examine the 
adsorption rate constant to study the applicati 
-on of pseudo first order (Lagergren) rate 
equation. 

MATERIAL AND METHODS 
 Standard PCP solutions are prepared (500 

mg/L) by weighing the purified grade 
chemical and dissolving them in minimum 
volume of acetone. Portion of this solution is 
diluted with distilled water similar to those of 
real wastewater sample. All reagents are of A. 
R. grade. Experimental solutions of desired 
concentration are prepared by successive 
dilution. FA was obtained from thermal 
power station Chachai, Anooppur and 
Shahdol, Madhya Pradesh,  India. The FA 
was sieved through standard test sieves 
having size 150, 106, 45ߤm respectively. The 
different fraction of FA dried for 2 hours at 
1100C in an electric oven and stored in a 
desiccator for use.  The chemical constituents 
of FA are determined by Indian standard 
methods8 along with other characteristics such 
as Loss On Ignition (LOI) at 8000C the 
specific gravity, surface area and porosity and 
are shown in Table 1.  

                                               Table 1 : Characteristics of fly ash 

Element as oxide Weight % 

SiO2 59.54 

Al2O3 27.20 

Fe2O3 4.87 

CaO 2.91 

MgO 0.40 

K2O+Na2O 1.00 

LOI ( 800 0 C) 12.00 

Specific gravity 1.80 

Surface area 7000 – 9000 cm2 

Porosity 0.34  - 0.62 

The chemical compositions of different 
fractions of  FA are also determined by Indian 
standard methods and are  shown in Table 2.  

The  result  indicates that silica   and  alumina 
oxide are the major constituents of FA. The 
chemical analysis of data indicates that the 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 3A, January-March 2015 

866 
 

sample consists of mullite. (Al6Si2O13) 
quartz (SiO2), magnetite (Fe3O4), anhydrite 
(CaSO4), hematite (Fe2O3) and lime (CaO) as 
the major phase. These fractions are used in 
batch kinetic experiment without any 
pretreatment. Batch kinetics adsorption 
experiment is conducted by shaking 25ml of 
PCP solution with 1g of FA fraction in100 

ml conical glass stoppard flask (to avoid 
vaporization losses of PCP at various 
particle sizes (150, 106 and 45μm) pH (2.0, 
4.0, 6.5, 8.0 and 10.0) concentration of PCP 
(250, 350 and 500mg/L) and temperature 
(30, 40 and 50 0C) using thermostatic shaker 
at 200rpm (similar to environmental 
condition). 

Table  2 : Chemical analysis of fraction of fly ash chemical composition 
(Percentage by weight) 

Particle size ࣆm SiO2 Al2O3 Fe2O3 CaO MgO LOI 8000C 
         150  59.54 27.20 4.87 2.91 0.40 12 
         106 67.00 30.00 6.10 3.80 1.10 08 
         45  77.75 36.00 6.00 4.00 1.50 4.09 

 The sample are covered during the entire 
experiment to avoid PCP degradation by 
photolysis. The pH of solution is adjusted with 
HCl or NaOH by using pH meter. The progress 
of sorption is determined by centrifuging the 
sorbate-sorbent solution at predecided intervals 
of time and analyse the supernatant liquid 
using UV-1800 Shimadzu UV- spectrophoto -
meter by monitoring the absorbance changes at 
a maximum wavelength of 280 nm. It should 
be noticed that below 250 nm the absorption 
band is not specific to phenolic compound 
because a lot of organic compounds have an 
absorption in their spectral windows.  Each 
experiment is performed at least under 
identical conditions. 

 RESULTS AND DISCUSSION 
Kinetic models 
In order to investigate the kinetics of adso 
tption of  PCP on FA, the constants of adsor 
ption were determined in terms of the pseudo- 

first order models. The pseudo-first order 
equation was first represented by Lagergren : 
Log (qe-qt)   = log q e – k t/2.303------------ (1) 
Where qt (mg g-1) is the amount of phenol 
adsorbed at time t, qe ( mg g-1) is the amount 
adsorbed at equilibrium and k  is equilibrium 
rate constant of adsorption. The corresponding 
linear plots of log (qe-qt) versus t depicted in 
for adsorption of PCP on FA under different 
conditions indicate the validity of applying 
equation (1) to the system known as Lagergren 
equation and relates to a pseudo first -order 
sorption process. The value of rate constant k 
for adsorption of PCP on FA under different 
condition are calculated from the slopes of 
these plots and are given in Table 3. 
Effect of particle size 
The effect of particle size of kinetics of PCP 
on FA is studied. The experimental kinetic 
curves are presented in Fig. 1. The experimen- 
tal data are described by pseudo-first-order 
model and are given in Table 3. 

 
Fig. 1 : Adsorption kinetics of  p - chloro phenol on fly ash condition : 500 mgl -1,  

pH 6.5,  temperature 30°C 
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Table 3 : Pseudo-first- order (Lagergren) rate constant of phenol on bituminous coal 

Sorbate rate Condition Rate constant (min-1) R2 

Para -  Chloro 
Phenol 
(PCP) 

Particle size 
(μm) 

150 5.07 x 10 -2 0.994 
106 5.36 x 10 -2 0.995 
45 5.76 x 10 -2 0.986 

pH 
 

2.0 5.99 x 10 -2 0.987 
4.0 5.29 x 10 -2 0.994 
6.5 5.06 x 10 -2 0.994 
8.0 4.84 x 10 -2 0.998 
10.0 4.15 x 10 -2 0.999 

Concentration 
(mg/L) 

250 5.07 x 10 -2 0.994 
350 5.53 x 10 -2 0.988 
500 5.76 x 10 -2 0.992 

Temperature (K) 
303 5.07 x 10 -2 0.994 
313 5.30 x 10 -2 0.999 
323 5.76 x 10 -2 0.999 

The correlations between the particle size and 
the values of sorption rate are inversely 
proportional i.e. the decrease in particle size 
from 150μm to 45μm caused increase k (rate 
constant) values i.e. 
k(150 ߤm) < k (106 ߤm) < k (45 ߤm) 
As calculated from linear plots of Fig. 2. The 
silica and alumina contents of fly ash play a 
major role in the sorption of  PCP. The reason 
for this trend may be attributed to the fact that 
there is strong chemical bonding between lone  

pair of electron present on the -OH group in 
the phenol and the central ion of silicate Si4 as 
well as the weakly acidic alumina surface of  
FA. The higher removal rate of chloro-
substituted phenol is due to the introduction of 
a Chloro group (-Cl) into the benzene ring 
which increase the acid character (conjugation 
effect) responsible for forming an anion on the 
oxygen atom of the –OH group and which has 
a strong affinity for alumina and silica 
surfaces.  

 
Fig. 2 : Lagergren plot for the adsorption of p - chlorophenol on fly ash concentration 500 mgl-1, 

pH 6.5, temerature  30°C 
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A similar observations are also reported in the 
study  on  the   adsorption of    4-chlorophenol 
(PCP) on activated carbon10-15 as well as sorp 
tion dynamic for removal of phenol from water  
and waste-water onto bituminous coal. 
Effect of pH  
The experimental kinetic curves are presented 
in Fig. 3. The pH values used in this study are 
2.0, 4.0, 6.5, 8.0 and 10.0 for the sorption        
of   phenol on FA. The experimental results are  

described by the pseudo-first order rate 
constant  k of sorption at various pH values 
(determined from the linear plots of  Fig. 4 and 
are listed in Table 3. This table shows that 
there is a decrease in the sorption rate with 
increase in pH of the solution. The removal of 
PCP from aque ous solution to FA which can 
be represented as : 
                  H+                OH¯ 
H2O + M+ ← MOH →  MO– +H2O

                       

 
Fig. 3 : Adsorption kinetics of  p - chloro phenol on fly ash condition : 500 mgl -1,  

size 150 µm, temperature 30°C 

 
Fig. 4 : Lagergren plot for the adsorption of p - chlorophenol on fly ash concentration  500 mgl-1, 

size 150µm , temerature  30°C  
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sorption dynamic for removal of phenol from 
water and wastewater onto bituminous coal. 

Effect of concentration 
The effect of concentration on kinetics of PCP on 
FA is investigated. Fig.  5 presents the experimen 
-tal kinetics curve with PCP concen tration in the 
range 250-500 mg/L. Obviously the  increase   in   
concentration of the solution leads to a decrease 
in the sorption rate constant. From the plot,  it 
could be seen that equilibrium is    established   
after   120   minutes    from   the beginning of 
the process. The experimental results are 
described  by  the pseudo-first-order  model  of 

 Lagergren (Fig. 6) and from this the rate 
constants are calculated. As shown in Table 3 
the values of rate constant decreased with an 
increase in initial PCP concentration  
which can be shown as :   
k (500 mg L-1) < k (350 mg L-1) < k(250mgL-1)  
This is due to the fact that at higher concentration 
the fractional adsorption is low.18 Similar 
observations are reported in the study of 
equilibrium, kinetic and thermodynamic studies 
on phenol sorption to clay.19 As well as sorption 
dynamic for removal of phenol from water and 
wastewater onto bituminous coal 
 

 
Fig. 5 : Adsorption kinetics of  p - chloro phenol on fly ash condition :  pH 6.5, 

size 150 µm, temperature 30°C 

 
 
 
 
 
 
 
 
 
 

 
Fig. 6 : Lagergren plot for the adsorption of p - chlorophenol on fly ash, particle 

size 150 µm, pH 6.5, temerature  30°C  
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study for sorption of phenol and  p-
nitrophenol   on  clay21  as   well   as sorption 

dynamic for removal of phenol from water 
and waste water onto bituminous coal.22-25 

 
Fig. 7 : Adsorption kinetics of  p - chloro phenol on fly ash condition : 500 mgl -1,  

pH 6.5, size 150 µm 

 
Fig. 8 : Lagergren plot for the adsorption of p - chlorophenol on fly ash  concentration 

500 mgl-1, size 150µm , pH 6.5 

CONCLUSION 
The present study shows the potential of FA as 
sorbent for phenolic wastewater treatment .This 
treatment is simple and economic. Such a batch 
system will be applicable to small industries 
generating phenols containing wastewaters. The 
sorption kinetics data thus generated may be used 
for designing a treatment plant for phenolic 
effluents where in continuous removal or 
collection can be achieved on a large scale. 
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