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a b s t r a c t

The ability of abundantly available heartwood of Areca catechu to adsorb cadmium(II) ions from aque-
ous solution has been investigated through batch experiments at room temperature. Various sorption
parameters such as contact time, initial concentration of cadmium(II) ion, solution pH and amount of the
eywords:
iosorption
admium(II)
eartwood

biomass on the adsorption capacity, were studied. The adsorbent was found to be effective for quanti-
tative removal of cadmium(II) ions in acidic conditions and equilibrium has been achieved in 30 min at
pH 6.0. The equilibrium adsorption data were fitted to Langmuir, Freundlich and Dubinin–Radushkevich
adsorption isotherm models and the model parameters were evaluated. The kinetic study showed that
the pseudo-second-order rate equation better described the biosorption process. The FT-IR spectrum
analysis revealed that hydroxyl, carboxyl, amide and amine groups were major cadmium(II) binding
reca catechu

emoval groups.

. Introduction

The large-scale industrialization and production of variety of
hemical compounds has led to global deterioration of the envi-
onmental quality. Unlike organic pollutants, heavy metals are
ssentially non-biodegradable and hence are accumulated in liv-
ng organisms. Some metals such as Cd, Hg and Pb can become
xtremely toxic to living beings; others such as Cu, Zn, Mn, Fe, Ni,
o, Cr, although essential for plants and animals, when present in
xcess concentration and above certain limits, can be very harm-
ul to living organisms. One of the heavy metals that is toxic to
he humans and widely studied by many researchers is cadmium.
he major sources of cadmium(II) release into the environment
y waste streams are electroplating, smelting, alloy manufactur-

ng, pigments, plastic, battery, mining and refining processes [1].
hronic exposure to elevated level of cadmium is known to cause
enal dysfunction (Fanconi syndrome), bone degradation (itai–itai
yndrome), cancer, hypertension, liver damage, and blood damage
2].

Considerable research has been carried out in developing

admium removal techniques. Conventional methods, such as
hemical precipitation, chemical oxidation or reduction, filtration,
lectrochemical treatment, lime stone precipitation, ion exchange,
dsorption on activated carbon, membrane processing and elec-

∗ Corresponding author. Tel.: +91 9435122322.
E-mail address: pareshchakravarty@gmail.com (P. Chakravarty).

385-8947/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.cej.2010.06.048
© 2010 Elsevier B.V. All rights reserved.

trolytic methods, have been traditionally employed for heavy metal
removal from industrial wastewater [3]. Most of these methods
have been found to be limited since they often involve high capital
and operational cost and may also be associated with the genera-
tion of secondary wastes. Since then, search is going on for low-cost
and easily available adsorbent and this has led to the investiga-
tion of materials from agricultural and biological origin along with
industrial by-products that can be used as adsorbents. The biosorp-
tion has distinct advantages over the conventional methods as it is
non-polluting and can be highly selective, more efficient, easy to
operate, and hence cost effective for treatment of large volumes of
wastewater containing low metal concentration [4]. Several plant-
derived materials such as orange peel [5], wheat shell [6], brown
seaweed [7], brown algae [8], macrofungus [9], mushrooms [10],
eucalyptus bark [11], sugar beet pulp [12], activated sludge [13],
pomelo peel [14], coconut copra meal [15], olive stone [16], Hydrilla
verticillata biomass [17], and papaya wood [18] have been studied
for their biosorptive capacity in the removal of cadmium and other
heavy metals from aqueous solutions.

In this present work, heartwood of Areca catechu (betel-nut
tree), an abundant, inexpensive and unexploited plant material,
has been used as biosorbent for removing Cd(II) from aqueous
solution by batch method at room temperature. The influences

of various operating parameters such as initial metal concentra-
tion, contact time, biosorbent dose, and initial pH of solution on
the Cd(II) biosorption were investigated. The Langmuir and Fre-
undlich models were used to fit the equilibrium isotherms. FT-IR
spectroscopy and SEM was used to find out the various functional

dx.doi.org/10.1016/j.cej.2010.06.048
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
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roups present on the cell wall of the biosorbent as well to study
he surface morphology of biosorbent.

. Materials and methods

.1. Preparation of the biosorbent

The plant A. catechu, a common tree in this region, was collected
rom Bakhrapara village of Bongaigaon district of Assam, India and
he heartwood of the plant was carefully separated. The heartwood
f A. catechu, which is soft and spongy, was cut into small pieces
1–2 cm in length) and washed with tap water and then with double
istilled water to remove dust and other impurities. The materials
ere sun-dried for 7 days and the dried and crispy materials were

rounded in a laboratory blender. The powered materials were fur-
her washed with double distilled water until the washings are free
f color and turbidity. These materials were dried again in an elec-
ric oven at 70 ◦C for 48 h and sieved through size 200 �m. The
eartwood powder of A. catechu (HPAC) was stored in a desiccator

or further use.
The surface area, pore size, and pore volume measurement of

he biomass was carried out by BET method using AS1-CT-9 (Quan-
achrome, USA) instrument by nitrogen adsorption–desorption

easurements. Prior to analysis, the sample was degassed at 110 ◦C
nder nitrogen flow. The surface area, pore size, and pore volume of
PAC were found to be 7.346 m2 g−1, 2.531 Å, and 4.649 cm−3 g−1,

espectively.

.2. Metal solution

Stock solution of 1000 mg L−1 of Cd(II) was prepared from
d(NO3)2·4H2O (E. Merck, Mumbai, India) in double distilled water.
he solution was diluted as required to obtain working solution. The
nitial pH of the working solution was adjusted to 6.0 by addition of
.1 N HNO3 or 0.1 N NaOH solution except experiment examining
he effect of pH. Fresh dilutions was used for each study.

.3. Batch adsorption studies

Batch adsorption experiments were carried out in a series of
rlenmeyer flasks of 250 mL capacity by agitating a definite amount
f adsorbent with 100 mL of the metal solution in room tempera-
ure (29 ± 2 ◦C) for a pre-determined time interval at a constant
peed of 120 rpm. Following a systematic process, the adsorption
ptake capacity of Cd(II) in batch system was studied in the present
tudy. The data obtained in batch mode studies was used to calcu-
ate the equilibrium metal adsorptive quantity using the following
xpression:

e = (C0 − Ce)
m

V

here qe is the amount of heavy metal ion adsorbed onto per unit
eight of the biomass in mg g−1, V is the volume of solution treated

n liter, C0 is the initial concentration of metal ion in mg L−1, Ce is the
quilibrium metal ion concentration in mg L−1 and m is the biomass
n gram.

The kinetics of Cd(II) by HPAC was studied at various time inter-
als (5, 10, 15, 20, 25, 30 and 35 min). A definite concentration of
0 mg L−1 of Cd(II) ion solution was used and 0.5 g of HPAC was
eighed into each flask of 100 mL of Cd(II) solution at pH 6.0.

he mixtures were agitated in a rotary shaker at a regular time

nterval and filtered through Whatman 42 filter paper and the fil-
rates were analyzed using flame atomic absorption spectrometry
Model: Perkin Elmer 3110). The isotherm studies were carried out
y varying the initial cadmium concentrations from 10 to 70 mg L−1

t pH 6.0 of the solution by adding optimum dose of the biosorbent.
Fig. 1. Effect of contact time on Cd(II) biosorption [initial Cd(II) concen-
tration = 20 mg L−1; pH 6.0; adsorbent dose = 0.5 g; agitation speed = 120 rpm;
temperature = 29 ◦C].

After shaking the flask up to the equilibrium time of 30 min, the
solution was analyzed for residual cadmium concentration.

Batch adsorption experiments were done at different doses of
HPAC from 0.1 to 0.6 g at 100 mL solution of 20 mg L−1 of Cd(II)
ion at pH 6.0 at room temperature. To study the effect of initial
solution pH on the biosorption of Cd(II), 0.5 g of the HPAC was agi-
tated with 100 mL solution of 20 mg L−1 of Cd(II) for a pH range
of 2.0–7.0 up to the equilibrium time in 250 mL Erlenmeyer flasks.
Experiments could not be performed at higher pH value beyond
8.2 due to hydrolysis and precipitation of cadmium ions [19,20].
All the data presented in this manuscript are the average of three
experimental runs.

3. Result and discussion

3.1. Biosorption conventional experimental studies

In this section the effect of different experimental variables
like contact time, initial metal ion concentrations, solution pH and
biosorbent dosage which are conventionally being used to opti-
mize the suitable experimental conditions for the maximum metal
uptake by HPAC is described comprehensively.

The result of the effect of contact time on the biosorption of
Cd(II) from aqueous solution is shown in Fig. 1. It is observed that
the biosorptive capacity of Cd(II) ion increases with contact time.
The biosorption of Cd(II) by the biomass was rapid for the first 5 min,
as a result of the free binding sites on the biomass. The biosorption
approaches equilibrium within 30 min as the binding sites on the
biomass were being used up. The period of 30 min was therefore
used for the biosorption of Cd(II) by HPAC. Biosorption of the metal
ion seems to follow two-phase sorption mechanism [21,22]. The
initial fast phase occurs due to a larger surface area of the adsorbent
being available for the adsorption of the metal. The subsequent slow
phase occurs due to quick exhaustion of the adsorption sites.

Cd(II) adsorption is significantly influenced by the initial con-
centration of Cd(II) in aqueous solutions. In the present study, the
adsorption experiments are performed to study the effect of ini-
tial Cd(II) concentration by varying it from10 to 70 mg L−1 and
results are presented in Fig. 2. Biosorption rate was found to be
fast and was completed within 30 min. The results show that with

increase in Cd(II) concentration from 10 to 70 mg L−1, the percent-
age removal decreases from 98 to 72%. At lower concentration of
the Cd(II) ion, the ratio of the initial moles of metal ions to the avail-
able surface area was low and subsequently, the fractional sorption
became independent of initial metal concentration. However, at
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ig. 2. Effect of initial metal ion concentration on Cd(II) biosorption [biosorbent
osage = 0.5 g; contact time = 30 min; agitation speed = 120 rpm; pH 6.0; tempera-
ure = 30 ◦C].

igher concentration of Cd(II) ion, the available sites for sorption
ecame fewer compared to the moles of metal ions present and
ence the percentage sorption of metal would be dependent upon
he initial metal concentration [23,24]. For the 20 mg L−1 of ini-
ial Cd(II) concentration, the optimum value of Cd(II) removal was
ound to be 97%.

Effect of adsorbent dose on removal of Cd(II) was studied by
arying dose of adsorbent, HPAC (0.1–0.6 g) at fixed experimental
arameters (metal ion concentration, equilibrium contact time, pH
nd temperature). As it can be seen in Fig. 3, percentage removal
f Cd(II) increases with increase in the dosage of adsorbent from
.1 to 0.4 g. There was a non-significant increase in removal of
ercentages of Cd(II) when adsorbent dose increases beyond 0.4 g.
his suggests that after a certain dose of biosorbent, the maximum
dsorption is attained and hence the amount of ions remains con-
tant even with further addition of dose of adsorbent. This is due
o an increase in the surface area of the biosorbent, which in turn
ncreases the number of binding sites. However, at high sorbent
osages the available metal ions are insufficient to cover all the

xchangeable sites on the biosorbent, resulting in low metal uptake
25,26].

Several factors influence a biosorption process with the solu-
ion pH being one of the most important due to its influence on

ig. 3. Effect of biosorbent dose on Cd(II) biosorption [initial Cd(II) concen-
ration = 20 mg L−1; pH 6.0; contact time = 30 min; agitation speed = 120 rpm;
emperature = 30 ◦C].
Fig. 4. Effect of pH on Cd(II) biosorption [Cd(II) concentration = 20 mg L−1; adsorbent
dose = 0.5 g; contact time = 30 min; agitation speed = 120 rpm; temperature = 30 ◦C].

the ionization state of the functional groups of the adsorbent and
ionic forms of metal ion. As can be seen in Fig. 4, Cd(II) biosorp-
tion increases continuously with the increase in pH value until it
reaches maximum adsorption capacities between pH 6.0 and 7.0. At
lower pH values, occupation of the negative ligands of the biomass
by H+ and H3O+ ion leads to reduction of vacancies for cadmium
ion and consequently causes decrease in cadmium ion biosorption.
As the pH was raised, the ligands are deprotonated and the nega-
tively charged ligands attract the positively charged metal ions and
binding occurs [27,28]. Hetzer et al. [29] further justified this fact
with the deprotonation of ligands that occurs with increasing pH,
progressively resulting in increasing Cd(II) biosorption until satu-
ration of binding sites is reached. However, several authors affirm
that the optimal pH for the biosorption of cadmium is situated
around 6 [30,31] as the formation of anionic hydroxide complexes
and their competition with the active sites affects dramatically the
Cd biosorption process at higher pH values [32].

3.2. FT-IR analysis
To investigate the functional groups of fresh and metal loaded
HPAC, a FT-IR (Brucker, Vector 22) study was carried out and the
spectra are shown in Fig. 5. The fresh biomass displays a number
of absorption peaks, reflecting the complex nature of the biomass.
A peak at 3500–3200 cm−1 region results due to the stretching of

Fig. 5. FT-IR spectra of fresh-dried (a) HPAC and (b) Cd(II) loaded HPAC.
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Fig. 6. SEM micrographs of (a) fresh HPAC (b) Cd(II) loade

he N–H bond of amino groups and indicative of bonded hydroxyl
roup. A change in peak position in the spectrum of the metal
oaded biomass indicates the binding of cadmium with amino and
ydroxyl groups. The strong absorption peak at 2919 cm−1 could
e assigned to –CH stretching vibrations of –CH3 and –CH2 func-
ional groups. The adsorption band at 1735 cm−1 is assigned to

O stretching and CO chelate stretching of carboxyl groups, and
641 cm−1 is assigned to primary and secondary amide bands.
hifting these peaks to 1725 and 1627 cm−1, respectively, indicated
nvolvement of these groups in metal binding. The absorption peaks
t 1371 and 1241 cm−1 could be attributed to the presence of (CH3
nd –CH2) and –C–O stretching, respectively. Following adsorption,
hese peaks were shifted to 1374 and 1249 cm−1. The minor shift
f the peak from 1033 to 1031 cm−1 also suggests the involvement
f C–O group in binding Cd(II) [33,34]. The shifts in the absorption
eaks generally observed indicate the existence of a metal binding
rocess taking place on the surface of the biomass.

.3. SEM and EDX analysis

The scanning electron micrographs enable the direct obser-
ation of the surface microstructures of different adsorbents.
canning electron microscopy (LEO, Model 1430 VP) along with
nergy dispersive X-ray (EDX) analysis has been used by many
esearchers for the characterization of the adsorbent as well as

lucidation of the probable mechanism of biosorption. SEM micro-
raphs and EDX spectra obtained from fresh HPAC and cadmium
oaded HPAC are shown in Fig. 6. SEM micrographs of fresh HPAC
Fig. 6a) reveals the nature of the biomass which is dark, rough and
eterogeneous, very few pores and lots of ups and down making
C; EDX spectra of (c) fresh HPAC (d) Cd(II) loaded HPAC.

it possible for the adsorption of Cd(II) ions in different parts of the
adsorbent. Fig. 6b represents the micrograph of Cd(II) loaded HPAC.
The micrograph clearly shows the presence of shiny particles over
the surface of Cd(II) loaded biosorbent absent in fresh biosorbent
[35,36]. EDX analysis provides the elemental information for the
fresh as well as the Cd(II) loaded biosorbent. Fig. 6c indicates the
presence of C, O, N, Cr, Ca, and S in the fresh biosorbent. Appearance
of a new signal of Cd in Fig. 6d confirms the metal binding to the
biosorbent.

3.4. Adsorption kinetic studies

The study of adsorption kinetics describes the adsorbate uptake
rate and evidently, this rate controls the residence time of adsorbate
at the solid–liquid interface. In order to analyze the biosorption
kinetics of Cd(II) ions onto HPAC, the kinetic models, Lagergren’s
pseudo-first order [37] and MaKay and Ho’s pseudo-second-order
[38] models were applied to the experimental data. The first order
rate equation of Lagergren is one of the most widely used for the
sorption of a solute from liquid solution and is represented as:

log(qe − qt) = log qe − K1 · t

2.303

where K1 (min−1) is the Lagergren rate constant and qe and qt

are the amounts of Cd(II) adsorbed (mg g−1) at equilibrium and

at time t, respectively. The straight-line plots (not shown here) of
log(qe − qt) versus t indicate the applicability of the above equa-
tion to cadmium biosorption on the biomass. The values of K1 and
R2 along with the calculated uptake capacity qe, are provided in
Table 1.
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Table 1
Kinetic model parameters for the biosorption of Cd(II) by heartwood powder of Areca catechu (HPAC).

Pseudo-first-order parameters Pseudo-second-order parameters Intra-particle diffusion parameters Experimental value

qe (mg g−1) K1 (min−1) R2 qe (mg g−1) K2 (g mg−1 min−1) R2 Kid (g mg−1 min−1/2) R2 qe (mg g−1)

3.873 0.125 0.9949 19.84 0.0596 0.9999 0.0268 0.9392 19.4

Table 2
Isotherm parameters for Cd(II) adsorption on heartwood powder of Areca catechu (HPAC).

Langmuir isotherm Freundlich isotherm D–R isotherm

R2

0.935
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b (L mg−1) qmax (mg g−1) R2 Kf n

0.857 10.660 0.9993 4.27 2.83

The kinetics of adsorption can also be described by pseudo-
econd-order equation and it is given by equation:

t

qt
= 1

K2q2
e

+ 1
qe

t

here K2 (g mg−1 min−1) is the second-order rate constant. The
traight-line plots (figure not shown) of t/qt versus t indicate the
elevancy of the above equation to cadmium biosorption on the
iomass. The second-order rate constant (K2), correlation constant
R2) along with the calculated uptake capacity (qe) are presented
n Table 1. Calculated correlations are closer to unity for pseudo-
econd-order kinetic model; therefore, the biosorption kinetics
ould well be approximated more favorably by second-order kinet-
cs model rather than pseudo-first order kinetics for Cd(II).

During batch mode of operation, there is a possibility of intra-
article pore diffusion of Cd(II) ions, which is often the rate-limiting
tep. The intra-particle diffusion varies with square root of time and
s introduced by Weber and Morris [39] as:

t = Kid t1/2

here qt is the amount of metal ion adsorbed (mg g−1) at time t
min) and Kid (mg g−1 min−1/2) is the rate constant of intra-particle
iffusion. If the rate-limiting step is intra-particle diffusion, a plot of
olute adsorbed against the square root of the contact time should
ield a straight-line passing through the origin (figure not shown).
n this figure, the intercept does not pass through the origin, which
ndicates the pore diffusion is not the only rate-limiting step for the
iosorption of Cd(II) onto HPAC. However, by comparing constants
f all kinetic models, the pseudo-second-order kinetic model seems
o be best fitted for the experiment.
.5. Adsorption isotherm studies

In the present study, the cadmium(II) uptake capacity of HPAC
as evaluated using the Langmuir [40], Freundlich [41] and
ubinin–Radushkevich (D–R) [42] adsorption isotherm models.

able 3
iosorption capacity of Cd(II) by various biosorbents.

Sl. no. Biosorbent Biosorp

1. Macrofungus 27.30
2. Mushrooms 34.96
3. Eucalyptus bark 14.53
4. Sugar beet pulp 46.10
5. Activated sludge 18.08
6. Pomelo peel 21.83
7. Coconut copra meal 4.99
8. Olive stone 6.97
9. Hydrilla verticillata biomass 15.00
10. Papaya wood 17.22
11. Sugarcane Bagasse 6.97
12. Heartwood powder of Areca Catechu 10.66
qD (mg g−1) BD (kJ2 mol−2) E (kJ mol−1) R2

6 8.153 1 × 10−7 2.24 0.8895

The Langmuir model represents one of the first theoretical treat-
ments of nonlinear sorption and suggests that the uptake occurs on
a homogenous surface by monolayer sorption without interaction
between the adsorbed molecules. The linear form of the Langmuir
adsorption isotherm is represented as:

qe = qmaxb Ce

1 + b Ce

where Ce is the equilibrium concentration of adsorbate (mg L−1),
and qe is the amount of cadmium adsorbed per gram of the adsor-
bent at equilibrium (mg g−1). qmax (mg g−1) and b (L mg−1) are
Langmuir constants related to adsorption capacity and rate of
adsorption, respectively. The values of qmax and b were calculated
from the slope and intercept of the Langmuir plot of Ce versus Ce/qe

[43]. The values of Langmuir parameters, qmax and b were calculated
to be 10.660 mg g−1 and 0.857 L mg−1, respectively. The correlation
coefficient, R2 was found to be 0.9993 (shown in Table 2). A compar-
ison of maximum adsorption capacity (qmax) of various biosorbents,
including HPAC, is summarized in Table 3.

The essential characteristics of Langmuir isotherm can be
expressed in terms of dimensionless constant separation factor for
equilibrium parameter, RL, which is defined as given below:

RL = 1
1 + b C0

where b is the Langmuir constant and C0 is the initial con-
centration of metal ion. The value of RL indicated the type of
Langmuir isotherm to be irreversible (RL = 0), favorable (0 < RL < 1),
linear (RL = 1) or unfavorable (RL > 1). The RL were found to be
0.1045–0.0163 for concentrations of 10–70 mg L−1 Cd(II). The val-

ues of RL in the range of 0–1 at all initial cadmium concentrations
confirm the favorable uptake of cadmium process.

The Freundlich model can be applied for non-ideal sorption
onto heterogeneous surfaces involving multilayer sorption. The lin-
earized Freundlich model isotherm was applied for the adsorption

tion capacity, qmax (mg g−1) pH References

5.0 [9]
6.0 [10]
– [11]
5.3 [12]
6.0 [13]
5.0 [14]
6.0 [15]
7.0 [16]
5.0 [17]
5.0 [18]
7.0 [27]
6.0 This study
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f cadmium and is expressed as:

og qe = log Kf + 1
n

log Ce

here qe is the amount of cadmium adsorbed at equilibrium
mg g−1), and Ce is the equilibrium concentration of cadmium in
olution (mg L−1). Kf and n are the constants incorporating all
actors affecting the adsorption process (adsorption capacity and
ntensity). Values of Kf and n were calculated from the intercept
nd slope of the plot (figure not shown) and are given in Table 2.
he correlation coefficient (R2), Kf and n were found to be 0.9356,
.27 and 2.83, respectively. The magnitude of Kf and n shows easy
eparation of heavy metal ion from wastewater and high adsorp-
ion capacity. The value of n, which is related to the distribution of
onded ions on the sorbent surface, represents beneficial adsorp-
ion if it is between 1 and 10 [27]. The n value for the biosorbent
sed found to be greater than 1, indicating favorable adsorption of
d(II) onto the adsorbent.

The Dubinin–Radushkevich (D–R) model was applied to the
quilibrium data to determine if sorption had occurred by physical
r chemical processes. The D–R adsorption isotherm is represented
s:

og qe = log qD − BDε2

= RT log
(

1 + 1
Ce

)

here qD is the theoretical saturation capacity (mg g−1) and BD

s the constant related to adsorption energy (kJ2 mol−2), ε is the
olanyi potential, R is the gas constant (J mol−1 K−1) and T is the
bsolute temperature (K). The D–R isotherm constants can be cal-
ulated from the slope and intercept of the plot between log qe and
2 (figure not shown) and are shown in Table 2.

The mean energy of sorption, ED (kJ mol−1) is calculated by the
ollowing equation:

D = 1√
2BD

This sorption energy ED, is independent of the temperature but
aries depending on the nature of the adsorbent and adsorbate. The
agnitude of ED provides information on the nature of sorption

rocess, i.e. whether it is physical or chemical, with values in the
ange ED = 1–8 kJ mol−1, corresponds to physical sorption and in the
ange 9–16 kJ mol−1 to chemisorptions [44]. The calculated ED value
as found to be 2.24 kJ mol−1 (shown in Table 2). ED values less than
kJ mol−1 as indicated by our results, shows that the adsorption
rocess of Cd(II) on HPAC follows physical adsorption.

The values of correlation coefficients (R2) of all three adsorp-
ion models shown in Table 2 assign that the Langmuir isotherm

odel exhibits a better fit to the equilibrium data than Freundlich
nd Dubinin–Radushkevich adsorption isotherms. Therefore, the
iosorption process of Cd(II) by HPAC can be interpreted as mono-

ayer adsorption.

. Conclusion

Biosorption studies performed on the biosorbent, HPAC, at var-
ous process parameters to remove cadmium ions from aqueous
olution showed that percent adsorption decreased with increase

n initial metal ion concentration while it increased with increase
n contact time and adsorbent dose up to a certain level. Max-
mum cadmium removal by adsorbent was observed at pH 6.0.
quilibrium adsorption showed that system followed Langmuir
dsorption isotherm model better than Freundlich isotherm model.

[

[

ring Journal 162 (2010) 949–955

According to Dubinin–Raduskevich model, the adsorption of cad-
mium was physical in nature. The kinetics studies concluded that
cadmium removal followed pseudo-second-order rate equation.
FT-IR and SEM characterization of the biosorbents has shown a
clear difference in the fresh and Cd loaded biosorbents. Based on
all facts, it can be concluded that heartwood powder of A. catechu
(HPAC) is an effective and alternative biosorbent for the removal of
Cd(II) from aqueous solutions because of its considerable biosorp-
tion capacity as well as low-cost.
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