
Adsorption of lead from aqueous solution onto coir-pith activated
carbon

Pradeep Kumara, Ramamohan Raob, Shri Chandb, Sushil Kumarc, K.L. Waseward,*,
Chang Kyoo Yooe,*
aDepartment of Chemical Engineering and Technology, Institute of Technology, Banaras Hindu University,
Varanasi 221 005, India
bDepartment of Chemical Engineering, Indian Institute of Technology, Roorkee 247 667, India
cDepartment of Chemical Engineering, Birla Institute of Technology and Science (BITS), Pilani, Rajasthan 33 031,
India
dAdvanced Separation and Analytical Laboratory, Department of Chemical Engineering, Visvesvaraya National
Institute of Technology (VNIT), Nagpur, Maharashtra 440 010, India
Email: k_wasewar@rediffmail.com
eEMSEL (Environmental Management & Systems Engineering Lab), Department of Environmental Science and
Engineering, College of Engineering, Kyung Hee University, Yongin 446-701, South Korea
Email: ckyoo@khu.ac.kr

Received 7 June 2011; Accepted 23 September 2012

ABSTRACT

Adsorption of lead (Pb(II)) from aqueous solution using H2SO4-activated carbon developed
from coir pith (CPAC) was studied. Batch experiments were performed to explain the effect of
initial pH (pH0), contact time, adsorbent dose, and temperature on adsorption. A pH0 of 5.0, a
dose of 1 g L�1 for adsorption at a concentration of Pb of 20mgL�1 were the optimal conditions.
The adsorption of lead onto CPAC was found to be a gradual process and the quasi-equilib-
rium condition reached in 4 h. The adsorption followed pseudo-second-order kinetics and the
adsorption equilibrium followed the Temkin isotherm. Thermodynamic parameters such as
DG0, DH0, and DS0 were evaluated by applying the Arrhenius and Van’t Hoff equations, and it
was found that adsorption of Pb(II) on CPAC was spontaneous and endothermic.
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1. Introduction

Excessive release of toxic metals into the environ-
ment due to industrialization has created a great global
concern. Monitoring and subsequent removal of toxic
metals from the industrial effluents have, therefore,
been made mandatory in India and throughout the
Globe before their discharge into the environment [1].

Lead (Pb) has been widely used in industries and it is
regarded as highly toxic. It gets introduced into the
water bodies from a variety of sources, such as, storage
batteries, lead smelting, tetra ethyl lead manufacturing,
mining, plating, ammunition, and from the ceramic
glass industries [2]. Anaemia, encephalopathy, and
hepatitis are the common diseases caused by Pb con-
taminated water [3]. Pb(II) ions have affinity for
ligands containing thiol and phosphatic groups, and*Corresponding authors.
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they inhibit the biosynthesis of haeme, causing damage
both to the kidney and the liver [3]. Removal of Pb(II)
ions from wastewater is, therefore, necessary to meet
the discharge limit. The World Health Organization
has set the permissible limit of Pb in drinking water as
0.05mgL�1 [4]. The Indian discharge limits for Pb is
0.1mgL�1 [5].

The various methods used for the removal of met-
als from wastewaters include chemical precipitation,
membrane filtration, ion exchange and adsorption [1].
Adsorption using activated carbon as an adsorbent is
now regarded as a major process for wastewater treat-
ment. However, due to high cost and about 10–15%
loss during regeneration, non-conventional and cheap
adsorbents have been used as alternative adsorbents
[1]. In the last few years, a vast number of research
have been done for the removal of Pb(II) from waste-
water using the adsorption technique with different
low cost materials. Coconut shell [3], grape stalk
waste [6], olive cake [7], maize bran [8], olive stone
waste [9], crop milling waste [10] are just a few exam-
ples of low cost materials used in the removal of Pb
(II).

India is the third largest producer of coconuts in
the world, producing about 12.8 billion coconuts a
year [11]. Coir pith is generated in the process of sep-
aration of fiber from the coconut husk. It is estimated
that the production of coir pith in India is about 0.5
million tons per year [12]. Accumulation of coir pith
around coir industries is a big menace, since it is not
easily biodegradable. Preparation of activated carbons
from this cheap and abundant biomass eliminates the
problem of coir-pith disposal as well as adds eco-
nomic benefits to it. The objective of the present study
is to evaluate the potential of coir-pith activated car-
bon (CPAC) activated by H2SO4 for the removal of Pb
(II) from aqueous solution. The authors have already
worked on the adsorption of cadmium ions from
aqueous solution using granular activated carbon and
activated clay [13], zinc onto tea factory waste [14–18],
selenium onto granular activated carbon, powdered
activated carbon, and bagasse fly ash [19,20], and
benzaldehyde and tin onto granular activated carbon
[21,22]. There are also other works on adsorption by
various researchers [23–34].

2. Experimental procedure

2.1. Adsorbent

Coir pith, collected from nearby coir industry, was
washed with distilled water and dried in sunlight.
The dried material was washed with 98% sulfuric

acid, with the weight ratio being 1 part of coir pith to
1.8 parts of acid, and kept at room temperature for
about 5 h with occasional stirring. The acid-carbonized
coir pith was washed several times with distilled
water and with 5% sodium bicarbonate solution,
followed by distilled water for the removal of remain-
ing amount of acid. The dried coir-pith was carbon-
ized in muffle furnace at 600˚C for 1 h in the absence
of air flow and in the presence of inert gas [3].

The physico-chemical characterization of CPAC
was performed. Proximate analysis carried out using
the standard procedure showed 18.83% moisture,
20.9% volatile matter, 3.2% ash and 57.1% fixed car-
bon. The bulk density was determined using the MAC
bulk density meter. A high amount of carbon indi-
cates that CPAC is basically organic in nature. For
morphological characteristics, SEM analysis was car-
ried out.

2.2. Adsorbate

All reagents used in this study were of analytical
reagent grade. A1 gL�1 Pb(II) stock solution was pre-
pared dissolving the accurate quantity of Pb(NO3)2.
All experimental solutions of Pb(II) were prepared by
proper dilution of this stock solution with distilled
water. The initial pH (pH0) of the solution was
adjusted to the desired value using a 0.1M NaOH or
0.1M H2SO4 solution prior to the addition of the
adsorbent.

2.3. Batch adsorption studies

Adsorption experiments were carried out by agi-
tating 100mL of Pb(II) solution of a known initial
concentration (C0), pH0 and a known amount of the
CPAC in a 250mL stoppered conical flask in a tem-
perature-controlled shaking water bath at 30 ± 1˚C.
Samples were withdrawn at appropriate time inter-
vals. The concentration of Pb(II) in the supernatant
was estimated with a UV-VIS spectro-photometer by
the PAR reagent (2,4-pyridyl azoresorcinol) method,
monitoring the absorbance at 580 nm [35]. The effect
of pH0 on Pb(II) removal was studied in the range
of pH0 from 2 to 11. For the optimal amount of
adsorbent dose, 100mL Pb(II) solutions were con-
tacted with different amounts of CPAC till equilib-
rium was attained. The kinetics of adsorption was
determined by analyzing the adsorptive uptake of
the Pb(II) from the aqueous solution at different
time intervals. For adsorption isotherms, Pb(II)
solutions of different concentrations were agitated
with the known amount of CPAC till equilibrium

2530 P. Kumar et al. / Desalination and Water Treatment 51 (2013) 2529–2535



was achieved (4 h). To see the effect of temperature
on the adsorption of Pb(II) from solution by CPAC,
experiments were also conducted at 30, 50 and
70˚C.

3. Results and discussion

3.1. Effect of initial pH (pH0)

Adsorption of Pb(II) onto CPAC was studied at
various pH0 (Fig. 1). It can be seen that uptake (�30%)
is quite low at a low pH, however with the increase
in pH0 up to 5, significant enhancement (�70%) in
adsorption is noticed. The optimum pH0 was found to
be 5 with a maximum removal of about 68% from
solution with C0 = 20mgL�1. At lower pH values the
electrostatic forces of repulsion between the adsorbent
and adsorbate (Pb(II)) are prominent which do not
allow adsorption onto CPAC. So the efficiency of
metal removal is low at lower pH0. At pH0 > 5, there is
a possibility of Pb(II) precipitation as Pb(OH)2 by
nucleation which is still in aqueous phase. So the
removal efficiency decreases at higher pH0. For
2 < pH0 < 5, the percentage removal increased sharply.

This might be due to the fact that the metal ions start
replacement of hydrogen ions from the adsorbent sur-
face by the Pb(II). As the pH increases, the H+ ion
concentration decreases and hence the positively
charged Pb ions are adsorbed at negatively charged
sites on the adsorbent. The Pb(II) ion predominates at
pH below 5 and it begins to precipitate out as Pb
(OH)2 at pH values just above 5. At pH 6, the species
distribution is approximately 90% Pd(II) and 10% Pb
(OH)�.

Scanning electron micrographs (SEM) (Fig. 2) of
CPAC were taken before and after adsorption of Pb
(II) ions. These photomicrographs show the structure
of CPAC. The surface of the CPAC is fibrous in nature
before adsorption and becomes smooth after adsorp-
tion of Pb(II) due to the coverage of pores.

3.2. Effect of adsorbent dosage

The effect of adsorbent dose on the removal of Pb
(II) by CPAC at an initial concentration C0 = 20mgL�1

is shown in Fig. 3. It can be seen that the Pb(II)
removal increases up to a certain limit and then it
remains almost constant. The optimum dose was
found to be 1 g L�1. The percentage of removal
increased with increase in the adsorbent dose due to
higher total surface area of the adsorbent particles
[36].

3.3. Effect of agitation time (t) and initial Pb(II)
concentration (C0)

The effects of t and C0 on the removal of Pb(II) by
CPAC are shown in Fig. 4. It is evident that the
amount of Pb(II) adsorbed per unit mass of adsorbent
(qt) increased with C0 and remained nearly constant
after the equilibrium time of 4 h (optimum contact
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Fig. 1. Effect of pH0 on the adsorption of Pb(II) using
CPAC as the adsorbent. T= 303K, t= 4h, C0 = 20mgL�1,
CPAC dose = 1 gL�1.

Fig. 2. SEM of CPAC (a) before, and (b) after Pb(II)
adsorption from aqueous solution at 1000� magnification.

0
10
20
30
40
50
60
70
80

0 50 100 150 200
Adsorbent dose (mg) 

%
 R

em
ov

al
 o

f l
ea

d 

Fig. 3. Effect of adsorbent mass on the adsorption of Pb(II)
using CPAC as the adsorbent. T= 303K, t= 4h,
C0 = 20mgL�1, pH0 = 5, volume of solution = 100mL.
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time). It can be seen that the qt increases with the
increase in C0, this may be due to the resistance to the
uptake of Pb(II) from the solution decreases with the
increase in C0. Hence the rate of adsorption increases
due to increase in the driving force. The curves are
single, smooth and continuous leading to saturation.
The adsorption curves of contact time indicate the
possible mono-layer coverage of Pb(II) ions on the
surface of CPAC which may be represented by the
Freundlich isotherm [37].

3.4. Adsorption kinetics

The pseudo-first-order [1] and the pseudo-second-
order kinetic models [38] in linear form are given by
Eqs. (1) and (2) respectively:

logðqe � qtÞ ¼ log qe � kf
2:303

t ð1Þ

t

qt
¼ 1

kSq2e
þ 1

qe
t ð2Þ

where qt is the amount of adsorbate adsorbed at
time t (mgg�1), qe the adsorption capacity at
equilibrium (mgg�1), kf the pseudo-first-order rate
constant (min�1), kS the pseudo-second-order rate
constant (gmg�1min�1) and t the contact time
(min).

The values of parameters for pseudo-first- and
pseudo-second-order kinetic models for Pb(II) adsorp-
tion on CPAC at C0 = 20, 40, 60, 80 and 100mgL�1

were determined using linear regression, and are
given in Table 1. The calculated correlation coefficients
are closer to unity, and also qe,calc is better predicted
by the pseudo-second-order kinetic model. Therefore,
sorption can be approximated more appropriately by
the pseudo-second-order kinetic model.

3.5. Adsorption isotherms

To establish the most appropriate model to repre-
sent the equilibrium, Langmuir, Freundlich and
Temkin isotherms [39] given by Eqs. (3–5), respec-
tively, were tested:

qe ¼ qmKLCe

1þ KLCe
ð4Þ

qe ¼ KFC
1=n
e ð5Þ

qe ¼ B1 lnðKTCeÞ ð6Þ

where qe is the fraction of the adsorbate under equilib-
rium condition (mgg�1), Ce the equilibrium metal ion
concentration (mgL�1), KL the Langmuir adsorption
constant (Lmg�1) related to the energy of adsorption,
and qm the adsorption capacity of the adsorbent
(mgg�1). KF is the Freundlich constant (Lmg�1), and
(1/n) the heterogeneity factor, KT is the equilibrium
binding constant (Lmg�1) corresponding to the maxi-
mum binding energy and constant B1 is related to the
heat of adsorption.

The Marquardt’s percent standard deviation
(MPSD) error function [40] was used to test the ade-
quacy of the isotherm equations to represent the
experimental data. This error function is given as

MPSD ¼ 100

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

n� p

Xn

i�1

qe;meas � qe;calc
qe;meas

� �2

i

s
ð7Þ

where qe,mean is the measured value and qe,calc is the
calculated value The parameters of the isotherms
and the correlation coefficient, R2, as determined by
using the solver add-in function of the MS excel, for
fitting of experimental data are listed in Table 2. By
comparing the results of the values for the MPSD
error function and the correlation coefficients, it is
found that the Temkin isotherm best represents the
equilibrium adsorption of Pb(II) by CPAC.

3.6. Thermodynamic study

The Gibbs free energy change of the adsorption
process is related to the equilibrium constant by the
classic Van’t Hoff equation [1]:

DG0 ¼ �RT lnKD ð8Þ
According to thermodynamics, the Gibbs free

energy change is also related to the entropy change
and heat of adsorption at constant temperature by the
following equation:
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Fig. 4. Effect of agitation time and concentration of Pb(II)
on the amount adsorbed using CPAC as the adsorbent.
T= 303K, t= 4h, pH0 = 5, CPAC dose = 1 gL�1.
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DG0 ¼ DH0 � TDS0 ð9Þ

Combining the above two equations, we get

lnKD ¼ �DG0

RT
¼ DS0

R
� DH0

RT
ð10Þ

where DG0 is the free energy change (kJmol�1), DH0

the change in enthalpy (kJmol�1), DS0 the entropy
change (Jmol�1 K�1), T the absolute temperature (K),
R the universal gas constant (8.314 Jmol�1 K�1) and
KD is the thermodynamic equilibrium constant. KD for
the adsorption reaction can be defined:

Table 2
Isotherm parameters for removal of Pb(II) from aqueous solution by CPAC. pH0 = 5, t= 4h, CPAC dose = 1 gL�1

Freundlich constants

T (K) KF ((mgg�1)/(mgL�1)1/n) 1/n R2 MPSD

303 6.3949 0.4381 0.9896 4.3414

323 6.7087 0.4418 0.9911 4.1163

343 7.0696 0.4439 0.9823 3.9028

Langmuir constants

T (K) KL (Lmg�1) Qm (mgg�1) RL R2 MPSD

303 0.0631 46.0829 0.4421 0.9994 1.4015

323 0.0641 48.5437 0.4382 0.9991 1.8706

343 0.0656 51.0204 0.4395 0.9987 2.352

Temkin constants

T (K) KT (Lmg�1) B1 R2 MPSD

303 0.5911 10.295 0.9998 0.4476

323 0.6065 10.819 0.9998 0.5372

343 1.3093 9.1554 0.9995 0.5326

Table 1
Kinetic parameters for the removal of Pb(II) from waste water by CPAC. pH0 = 5, T= 303K, CPAC dose = 1 gL�1

Pseudo-first-order

C0 (mgL�1) qe,exp (mgg�1) qe,cal (mgg�1) kf (1min�1) R2

20 13.6250 8.8145 0.0258 0.9844

40 23.4500 11.8522 0.0233 0.8759

60 29.9000 12.0642 0.0205 0.7571

80 33.8000 16.1622 0.0179 0.8201

100 37.2500 21.7220 0.0168 0.8864

Pseudo-second-order

C0 (mgL�1) qe,cal (mg g�1) h (mgg�1) ks (mgg�1) R2

20 14.6627 1.0081 0.0047 0.9983

40 26.1780 1.3428 0.0019 0.9843

60 33.5570 1.6377 0.0014 0.9773

80 37.3734 1.8241 0.0013 0.9818

100 40.9836 1.7504 0.0010 0.9860
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KD ¼ as
ae

¼ ns

ne

C0

Ce

ð11Þ

where as is the activity of the adsorbed solute, ae
the activity of the solute in the equilibrium solution,
ms is the activity coefficient of the adsorbed solute,
and me the activity coefficient of the solute in the
equilibrium solution. As the concentration of the sol-
ute in the solution approaches zero, the activity
coefficient m approaches unity. Eq. (11) may then be
written as:

lim
Ce!0

C0

Ce

¼ as
ae

¼ KD ð12Þ

The values of KD are obtained by plotting ln(C0/Ce,) vs.
Ce, and extrapolating to zero Ce [41]. From constant KD,
the DG0 of adsorption Pb(II) ion onto CPAC at 303, 323
and 343K is found to be �2.82, �3.10 and
�3.53 kJmol�1 K�1, respectively. DH0 = 2.54 kJmol�1

and DS0 = 17.63 Jmol�1 K�1 are determined from the
slope and intercept of the linear plot of lnKD vs. 1/T.
The positive DH0 value confirms the endothermic nat-
ure of the overall-sorption process. The adsorption pro-
cess in the solid-liquid system is a combination of two
processes: (a) the desorption of the molecules of solvent
(water) previously adsorbed and (b) the adsorption of
adsorbate species. The value of DH0 is less than
20 kJmol�1 indicating the physical nature of the adsorp-
tion process. The positive value of DS0 suggests
increased randomness at the solid/solution interface
with some structural changes in the adsorbate and
adsorbent, and affinity of the Pb(II) towards CPAC.
Also, the positive DS0 value corresponds to an increase
in the degree of freedom of the adsorbed species [39].

4. Conclusions

The present study shows that the H2SO4-treated
activated carbon developed from the agricultural
waste coir-pith (CPAC) is an effective and low-cost
adsorbent for the removal of Pb(II) from aqueous
solution. The rate of adsorption increases with the
increase in C0 due to increase in the driving force and
the higher percentage of Pb(II) removal by CPAC was
possible provided the C0 in the solution was low. The
optimum conditions for Pb(II) removal were found to
be pH0� 5, adsorbent dose �1 g L�1 of solution for Pb
(II) concentration of 20mgL�1. The equilibrium
between the adsorbate in the solution and on the
adsorbent surface was practically achieved in 4 h.
Adsorption kinetics was found to follow the second-
order kinetic model. The Temkin isotherm was found
to represent the adsorption equilibrium. The negative

values of DG0 indicate that the adsorption of Pb(II)
onto CPAC is feasible and spontaneous. DH0 and DS0

were found to be 2.54 kJmol�1 and 17.63 Jmol�1 K�1,
respectively. The positive DH0 value confirms the
endothermic nature of the overall-sorption process.
The value of DH0 is less than 20 kJmol�1 indicating
the physical nature of the adsorption process. The
positive value of DS0 suggests increased randomness
at the solid/solution interface with some structural
changes in the adsorbate and adsorbent, and affinity
of the Pb(II) towards CPAC. Also, the positive DS0

value corresponds to an increase in the degree of free-
dom of the adsorbed species.

References

[1] V.C. Srivastava, I.D. Mall, I.M. Mishra, Characterization of
mesoporous rice husk ash (RHA) and adsorption kinetics of
metal ions from aqueous solution onto RHA, J. Hazard.
Mater. B134 (2006) 257.

[2] S. Manahan, Environmental Chemistry, Brooks/Colei, Cali-
fornia, 1984.

[3] M. Sekar, V. Sakthi, S. Rengaraj, Kinetics and equilibrium
adsorption study of lead(II) onto activated carbon prepared
from coconut shell, J. Colloid Interface Sci. 279 (2004) 307.

[4] WHO, Guidelines for Drinking Water Quality, vols. 1 and 2,
World Health Organization, Geneva, 1984.

[5] CPCB, Central Pollution Control Board, Pollution Control
Acts, Rules and Notifications Issued Thereunder, Pollution
Control Law Series: PCLS/02/2006, Ministry of Environment
and Forests, Govt. of India, New Delhi, 2006.

[6] M. Martinez, N. Miralles, S. Hidalgo, N. Foil, I. Villaescusa,
J. Poch, Removal of lead(II) and cadmium(II) from aqueous
solutions using grape stalk waste, J. Hazard. Mater. B133
(2006) 203.

[7] S. Doyurum, A. Celik, Pb(II) and Cd(II), removal from
aqueous solutions by olive cake, J. Hazard. Mater. B138
(2006) 22.

[8] K.K. Singh, M. Talat, S.H. Hasan, Removal of lead from aque-
ous solutions by agricultural waste maize bran, Bioresour.
Technol. 97 (2006) 2124.

[9] N. Fiol, I. Villaescusa, M. Martı́nez, N. Miralles, J. Poch, J.
Serarols, Sorption of Pb(II), Ni(II), Cu(II) and Cd(II) from
aqueous solution by olive stone waste, Sep. Purif. Technol. 50
(2006) 132.

[10] A. Saeed, M. Iqbal, M.W. Akthar, Removal and recovery of
lead(II) from single and multimetal (Cd, Cu, Ni, Zn) solutions
by crop milling waste (black gram husk), J. Hazard. Mater.
B117 (2005) 65.

[11] L. Huynh, P. Jenkins, A rheological and electrokinetic investi-
gation of the interactions between pigment particles dis-
persed in aqueous solutions of short-chain phosphates,
Colloids Surf. A 190 (2001) 35.

[12] Y. Gao, A. Mucci, Acid base reactions, phosphate and arse-
nate complexation, and their competitive adsorption at the
surface of goethite in 0.7 M NaCl solution, Geochim. Cosmo-
chim. Acta 65(14) (2001) 2361.

[13] K.L. Wasewar, P. Kumar, S. Chand, B.N. Padmini, T.T. Teng,
Adsorption of cadmium ions from aqueous solution using
granular activated carbon and activated clay, Clean: Soil
Water Air 38(7) (2010) 49.

[14] K.L. Wasewar, Adsorption of metals onto tea factory waste: a
review, Int. J. Res. Rev. Appl. Sci. 3(3) (2010) 303.

[15] K.L. Wasewar, M. Atif, B. Prasad, I.M. Mishra, Batch adsorp-
tion of Zn using tea factory waste as an adsorbent, Desalina-
tion 244 (2009) 66.

2534 P. Kumar et al. / Desalination and Water Treatment 51 (2013) 2529–2535



[16] K.L. Wasewar, M. Atif, B. Prasad, I.M. Mishra, Adsorption of
Zn using factory tea waste: kinetics, equilibrium and thermo-
dynamics, Clean: Soil Water Air 36(3) (2008) 320.

[17] K.L. Wasewar, M. Atif, B. Prasad, Characterization of factory
tea waste as an adsorbent for removal of heavy metals,
J. Future Eng. Technol. 3(3) (2008) 47.

[18] K.L. Wasewar, Y. Ravichandra, A. Kumar, V. Godbole, Adsorp-
tion mechanism for the adsorption of heavy metals using tea
waste as an adsorbent, J. Future Eng. Technol. 3(1) (2007) 41.

[19] K.L. Wasewar, C.S. Gulipalli, B. Prasad, Removal of selenium
by adsorption onto granular activated carbon (GAC) and
powdered activated carbon (PAC), Clean: Soil Water Air 37
(11) (2009) 872.

[20] K.L. Wasewar, C.S. Gulipalli, B. Prasad, Adsorption of sele-
nium using bagasse fly ash (BFA), Clean: Soil Water Air 37(7)
(2009) 534.

[21] R.K. Rajoriya, B. Prasad, I.M. Mishra, K.L. Wasewar, Adsorp-
tion of benzaldehyde on granular activated carbon: kinetics,
equilibrium, and thermodynamic, Chem. Biochem. Eng. 22(3)
(2007) 219.

[22] K.L. Wasewar, S. Kumar, B. Prasad, Adsorption of tin using
granular activated carbon, J. Environ. Prot. Sci. 3 (2009) 41.

[23] Z. Wang, P. Han, Y. Jiao, D. Ma, C. Dou, R. Han, Adsorption
of Congo red using ethylenediamine modified wheat straw,
Desal. Water Treat. 30 (2011) 195.

[24] A.A. Atia, A.M. Donia, R.A. Hussien, R.T. Rashad, Efficient
adsorption of malathion from different media using thermally
treated kaolinite, Desal. Water Treat. 30 (2011) 178.

[25] M. Matheswaran, Kinetic studies and equilibrium isotherm
analyses for the adsorption of methyl orange by coal fly ash
from aqueous solution, Desal. Water Treat. 29 (2011) 241.

[26] M.T.G. Chuah, Y. Robiah, A.R. Suraya, T.S.Y. Choong, Single and
binary adsorptions isotherms of Cd(II) and Zn(II) on palm kernel
shell based activated carbon, Desal. Water Treat. 29 (2011) 140.

[27] X.S. Wang, H.Q. Lin, Adsorption of basic dyes by dried waste
sludge: kinetic, equilibrium and desorption studies, Desal.
Water Treat. 29 (2011) 10.

[28] G. McKay, M. Hadi, M.T. Samadi, A.R. Rahmani, M.S. Amin-
abad, F. Nazemi, Adsorption of reactive dye from aqueous
solutions by compost, Desal. Water Treat. 28 (2011) 164.

[29] A.H. Sulaymon, A.F.M. Ali, S.K. Al-Naseri, Mathematical mod-
els application for natural organic matter adsorption from Iraqi
surface water onto activated carbon, Desal. Water Treat. 24
(2010) 93.

[30] M.M. Nourouzi, T.G. Chuah, T.S.Y. Choong, Adsorption of
glyphosate onto activated carbon derived from waste news-
paper, Desal. Water Treat. 24 (2010) 321.

[31] M.M.A. El-Latif, A.M. Ibrahim, Removal of reactive dye from
aqueous solutions by adsorption onto activated carbons pre-
pared from oak sawdust, Desal. Water Treat. 20 (2010) 102.

[32] V.M.V. Subbaiah, A.S. Reddy, A. Krishnaiah, Equilibrium
and kinetic studies of fluoride adsorption by chitosan coated
perlite, Desal. Water Treat. 20 (2010) 272.

[33] R. Han, W. Zou, Y. Li, X. Liu, M. Tang, Equilibrium, kinetic
and mechanism study for the adsorption of neural red onto
rice husk, Desal. Water Treat. 12 (2009) 210.

[34] H. Yasser, N.A. Shapovalov, H. Aymen, Adsorption of nickel
from aqueous solution by the use of low-cost adsorbents,
Kor. J. Chem. Eng. 12 (2009) 276.

[35] APHA, Standard Methods for the Examination of Water and
Wastewater, 15th ed., American Public Health Association,
Washington, DC, 1980, pp. 368–369.

[36] I.D. Mall, V.C. Srivastava, G.V.A. Kumar, I.M. Mishra, Charac-
terization and utilization of mesoporous fertilizer plant waste
carbon for adsorptive removal of dyes from aqueous solution,
Colloids Surf. A 278(1–3) (2006) 175.

[37] V. Mane, I.D. Mall, V.C. Srivastava, Use of bagasse fly ash as
an adsorbent for the removal of brilliant green dye from
aqueous solution, Dyes Pigm. 73 (2007) 269.

[38] Y.S. Ho, G. McKay, Pseudo-second order model for sorption
processes, Process Biochem. 34 (1999) 451.

[39] V.C. Srivastava, I.D. Mall, I.M. Mishra, Adsorption thermody-
namics and isosteric heat of adsorption of toxic metal ions
onto bagasse fly ash (BFA) and rice husk ash (RHA), Chem.
Eng. J. 132(1–3) (2007) 267.

[40] D.W. Marquardt, An algorithm for least-squares estimation of
nonlinear parameters, J. Soc. Ind. Appl. Math. 11 (1963) 431.

[41] A.A. Khan, R.P. Singh, Adsorption thermodynamics of car-
bafuran on Sn(IV) arsenosilicate in Li+, Na+, and Ca2+ forms,
Colloids Surf. A 24 (1987) 33.

P. Kumar et al. / Desalination and Water Treatment 51 (2013) 2529–2535 2535




