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ABSTRACT 
The adsorption characteristics of iron using heartwood charcoal of Areca catechu, a low-cost 
natural adsorbent were studied in the laboratory scale using real-life sample. The studies were 
conducted by batch experiment. HCAC was found to be an efficient adsorbent for iron removal 
from the groundwater collected from iron affected area. Groundwater collected from tube well 
was used for the study. The initial concentration of iron in the sample was 1.52 mg/l. Under 
optimized conditions the HCAC could remove up to 98% of total iron. The optimum adsorbent 
dose was 0.5 mg/l and the equilibrium time was 30 min. Isotherm studies shows that the process 
is favorable and spontaneous. The kinetics showed that the removal of iron by HCAC is a 
pseudo-second-order reaction. 
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INTRODUCTION 
The ground water sources of drinking water 
are contaminated with iron in many parts in 
India. In many remote villages, iron 
contaminated tube-well is the only viable 
source for drinking water. In most cases apart 
from the presence of objectionable level of 
iron, the groundwater is found to be fairly fit 
for drinking purpose. Hence there is an urgent 
need of iron removal technique which can 
provide a safe drinking water .The maximum 
permissible limit of iron according to WHO 
guidelines is 0.3 mg/L. The presence of iron in 
drinking water causes toxic and carcinogenic 
effects on human beings. Heavier amount of 
iron can cause serious health problems or 
premature death. Toxicity of iron may damage 
the liver, heart and endocrine glands, leading 
to debilitating and life-threatening problems 
such as diabetes, heart failure and poor 
growth.1 Thus finding out a technology for 
removing iron is a challenge.  Various 
treatment methods such as ion exchange, 
adsorption, ultrafiltration, reverse-osmosis and 
adsorption–coprecipitation by metals 
(predominately ferric chloride) followed by 
coagulation have so far been adopted for the 
removal of metal ions from aqueous media. All  

these facts prompted the present investigators 
to evaluate the possibility of HCAC to be used 
as a potential adsorbent for iron removal from 
the real sample. Iron is one of the common 
household fundamentals which are found as 
minor constituent of ground water in all 
categories of hydro-geological settings in 
Assam, India. Mainly for drinking and 
irrigation purposes more than 80% of rural 
populations of Assam depends on ground 
water resources, therefore suitable 
technologies are required for purification of 
groundwater to facilitate safe use.2 For the 
present study samples were collected from 
Barpeta district, Assam. Ground water is an 
important source of drinking water of Barpeta 
district, Assam, India. Some parts of the 
district suffer from high content of iron in 
ground water which threat human health. The 
water should be subjected to suitable chemical 
or biological treatments especially for keeping 
Fe and Mn within the prescribed safe levels.3 
Batch adsorption experiments were carried out 
to determine the potential and the effectiveness 
of heart wood charcoal of Areca catechu in 
removal of iron from water. The powdered 
heart wood of Areca catechu has been proved 
to be a good adsorbent media and is available 
in abundant in most parts of Assam, India.4 
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From the beginning of this century adsorption 
at different edges has concerned scientists for 
its diverse application. Adsorption brings 
about a number of extremely important 
processes of utilitarian significance. The 
technological, environmental and biological 
importance of the process can never be in 
doubt. Its useful applications in industrial 
sector and environmental protection are of 
principal importance.5 As far as our knowledge 
goes this is the first time when HCAC is used 
for iron removal using real sample.  

MATERIAL AND METHODS 
Reagents 
All chemicals used were of analytical reagent 
grade and were used without further 
purification. All aqueous solutions were 
prepared in double distilled water. The distilled 
water was examined for iron concentration. 
The permissible limit of iron is 0.3 ppm. Stock 
solutions (10 ppm) of Fe and were prepared 
using Fe (NO3)3 (Merck Company). Appropr-
iately diluted solutions were made from the 
stock as and when required for calibration 
purpose. 
Apparatus and instruments 
All the apparatus used were soaked in 
concentrated HNO3 for 12h and then washed 
initially with tap water and then with distilled 
water. Then the apparatus were dried in hot air 
oven.  A digital pH meter was used for all pH 
measurements. A high precision electrical 
balance was used for weighing. All absorbance 
measurements were carried out with an AAS. 
A mechanical shaker was used for shaking 
purpose. 
Preparation and characterization of 
adsorbent  
For the present study, heartwood charcoal of 
Areca catechu (betel-nut tree) has been used as 
adsorbing media. It was collected from Barpeta 
town of Barpeta district (Assam, India). These 
plants are easily available in this region. 
Moreover cost is considerably low. Initially 
heartwood was separated and washed with 
double distilled water followed by sun dried 
for one week. Charcoal was prepared by 
charring the dried plant materials at about 
400oC for about 1hr in a muffle furnace, at 
which all of the material was completely 
carbonized. The carbonized material was 

cooled and then grounded in a laboratory 
blender and made into fine powder. The finely 
divided powder of charcoal was sieved (425 
micron) and then sorted in desiccators and 
used for further analysis. 
Experimental studies 
The real-life groundwater (tube-well water) 
was collected from Barpeta, a severely iron 
affected area of Barpeta district. The 
composition of the water is shown in Table 1. 
Table 1 : Characteristics of real iron bearing       

 ground water  

The batch sorption experiments were carried 
out at room temperature (18oC ± 1oC) and the 
mixtures were taken in 250 ml conical flask 
and agitated on a mechanical shaker. To find 
out the optimum adsorbent dose, iron bearing 
water (100 ml) with varying adsorbent doses 
(0.1 to 0.6 g/l) was shaken for 35 minute. The 
optimum dose was found to be 0.5 g/l. The 
adsorption equilibrium time was found out 
using optimum adsorbent dose of 0.5 g/l. In all 
cases, after shaking, the samples were allowed 
to settle for 5 minute, filtered through filter 
paper and the filtrate was used for the analysis 
of remaining  iron in the solution. The 
concentrations of metals were determined by 
using atomic absorption spectrophotometer 
((Perkin Elmer AA200) with flow injection 
analyzing mercury hydride generation system 
(Model FIAS-100). Experimental analysis was 
repeated three times and the results were 
statistically analysis.  

 
Parameter 

Quantitative 
value 

pH 7.1 
Turbidity (NTU) 1.2 

Hardness (mg/l) 86 

Total iron (mg/l) 1.52 

Conductivity ((µS/cm) 3.66 

TDS (mg/l) 55 

Flouride (mg/l) 1.01 

Chloride (mg/l) 48 

Sulphate (mg/l) 60.44 

Nitrate (mg/l) 5.42 
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The amount of adsorbed per unit mass of 
adsorbent (qe) was obtained using the 
following expression : 
qe = 

 
m

VCeCo 
                                          

Whereas the amount of adsorbed per unit mass 
of adsorbent at time t (qt mg/g) was obtained by 
using following expression : 
qt =  

m
VCtCo   

Where V is the volume of solution treated in 
liter, Co is the initial concentration of metal ion 
in mg/L, Ce is the equilibrium metal ion 
concentration in mg/L, Ct mg/l is the 
concentration of adsorbents at time t and m is 
the biomass in gram. 

RESULTS AND DISCUSSION 
Batch adsorption experiments  
Effect of adsorbent dose and contact time 
Batch study was conducted to find out the 
optimum adsorbent dose and the contact time 
for maximum possible removal of the 
adsorbate. A series of 100 ml samples of iron 
bearing ground water were shaken for 30 min 
with the varying adsorbent doses of 0.1–0.6 
g/l. Studies showed that the iron removal 
efficiency was increased with increase of 
adsorbent dose (Fig. 1) and 0.5 g/l of that 
adsorbent could remove ∼98% of iron. Thus 
the adsorbent dose 0.5 g/l was used for the 
entire study. With the dose of 0.5 g/l, the 
kinetic study was performed and it was 
observed that on 20 min shaking ∼92% of total 
iron could be removed. With further shaking of 
another 10 min the iron removal reached at 
∼98% (Fig. 2). Thus, a shaking time of 30-min 
is adopted as the equilibrium time. 
Adsorption isotherm study 
Many sorption isotherm models are usually 
used to fit the adsorption isotherm data in 
order to obtain a linear regression data to 
predict the maximum adsorption capacity of 
HCAC towards iron the adsorbent. Langmuir 
and Freundlich models are the most widely 
used models in the case of the adsorption of 
metal ions with bioadsorbents.6,7 The 
adsorbent dose was varied in the range of 0.1–
0.6 g/l. The initial iron concentration of the 
sample was 1.52 ppm and the pH value is 7.1. 

Fig. 1 : Effect of dose variation 

 
Fig. 2 : Kinetic plot for the adsorption of iron 

on HCAC 
Equilibrium time 30 min and temperature 
18±10C was applied for the isotherm studies. 
The relation between the amounts of adsorbate 
adsorbed by the adsorbent and the equilibrium 
concentration of the adsorbate can be 
expressed by the linearized Langmuir 
adsorption isotherm as 

 
and the Freundlich isotherm as 
ln qe = ln kf +1/n lnCe 

where qe is the amount of adsorbate adsorbed 
per unit mass of the adsorbent, b the adsorption 
constant related to the enthalpy of adsorption, 
Ce the equilibrium concentration of iron, Qmax 
the maximum adsorption capacity and n and kf 
are the constants depending upon the nature of 
the adsorbate and adsorbent where n represents 
the adsorption intensity and kf represents the 
adsorption capacity. 
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Linear Langmuir isotherm was drawn (Fig. 3) by 
plotting 1/qe versus 1/Ce. The maximum 
adsorption capacity (Qmax) found was 1.3 mg/g. 
Freundlich isotherm for the adsorption was  
drawn (Fig. 4) by plotting lnqe versus lnCe. It is  

observed that Freundlich isotherm models fit 
very well according to the correlation co-efficient 
values given in the Table 2. Thus, the results of 
the present study indicate that biosorption of iron 
onto HCAC is heterogeneous in nature. 

Table 2 : Isotherm parameters for iron adsorption  on  heartwood charcoal of Areca catechu 
(HCAC) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3 : Langmuir isotherm model for iron                     Fig 4 : Freundlich isotherm model for   
                    adsorption on HCAC                                                 iron  adsorption on HCAC                
Favorability of sorption of iron on HCAC was 
tested using the essential feature of the 
Langmuir isotherm, expressed in terms of a 
dimensionless constant, RL (separation factor) 
which can be calculated as 
 RL = bCo1

1


 

Where b is the Langmuir constant and Co is the 
initial concentration of metal ion.  The value of 
RL indicated the type of Langmuir isotherm to 
be  
RL > 1 Unfavorable isotherm 
RL = 1 Linear isotherm 
RL = 0 Irreversible isotherm 
0< RL < 1 Favorable isotherm 
The RL were found to be 0.13 mg/L iron in the 
present work. The parameter indicates that the 
HCAC is a suitable (0<RL<1) adsorbent for 
the adsorption of iron. 
Furthermore, the standard Gibbs free energy 
changes (∆G◦) for the adsorption process can 
be calculated by using the following equation 
ln(1/b) = ∆Go/RT 

where b (Table 2) is the Langmuir isotherm 
constant, R the universal gas constant (8.3145 J 
mol−1 K−1), and T is the absolute temperature. 
The calculated ∆G◦ value is −3.7 kJ mol−1. The 
negative ∆G◦ value indicates that the 
adsorption is spontaneous. 
Adsorption kinetics 
In batch experiments, kinetic study is very 
important to find out the contact time of the 
adsorbent with adsorbate and for evaluating 
reaction coefficients. In order to investigate the 
mechanism of iron adsorption onto the HCAC, 
two kinetic models, viz., pseudo-first-order 
equation and pseudo-second-order reaction 
model were analyzed and a comparison of the 
best fit sorption mechanism were made. 
The first order rate equation of Lagergrenis 
represented as 
Log (qe-qt) = log qe- 303.2

t.1K  

Where qe and qt are the amount of metal ion 
sorbed (mg/g) at equilibrium and at time t, 
respectively. K1 is the Lagergren rate constant 
of the biosorbent (1/min). A plot of Log (qe-qt)  

Langmuir isotherm Freundlich isotherm 
B(L/mg) qmax(mg/g) R2 Kf n R2 

4.45 1.3 0.915 2.911 1.61 0.952 
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versus t gives the result shown in the Fig.5. 
The value of K1 and qe, calculated from the 
slope and intercept are presented in Table 3. 
The following equation represents Pseudo-
second order kinetic model.8,9 

qt
t =

2qe.2K
1  + 

qe
1 t 

where qe is the equilibrium biosorption 
capacity and K2 (g/mg min) is the  pseudo-
second-order rate constant. A plot of t/qt 

against  t  gives  a  linear  relationship  for  the 
applicability   of   the   second - order    kinetic   
(Fig.  6).  
Since the correlation co-efficient (R2) is 0.999 
and the qexp value is consistent with calculated 
one, the adsorption system studied could well 
be explained by pseudo-second-order kinetic 
model at all time intervals than the pseudo-
first-order kinetic model (R2= 0.972). 

 Table 3 :  Kinetic model parameters for the biosorption of iron by heartwood charcoal of 
Areca catechu (HCAC) 

                                       
   
 
 
 
 
 
 
 
 
 
 
 
 

 

   Fig. 5 : Linear model of pseudo-second-order           Fig. 6 : Linear model of pseudo-first-order                
                          reaction kinetics                                                           reaction kinetics 
                                       

CONCLUSION 
In the present study removal of iron from real-
life groundwater was achieved using HCAC as 
an adsorbent. The adsorbent is cost-effective. 
In batch study the optimum adsorbent dose and 
equilibrium time were found to be 0.5 g/l and 
30 min, respectively. The adsorption was 
evaluated by the Langmuir and Freundlich 
isotherm models. The adsorption mechanism 
follows the pseudo-second-order reaction 
kinetics. The results obtained in this study will 
be useful for its further extension to field scale 
or for designing pilot plant as future studies. It  

is worth mentioning here that the HCAC cause 
increase in pH value. 
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