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The feasibility of Date-palm (Phoenix dactylifera ) Leaf Ash (DLA) (a low-cost agricultural-byproduct)
for adsorption of Pb(II) ions was investigated. An adsorption process was carried out to evaluate initial
concentration, adsorbent dose, contact time, pH and temperature on the removal of Pb(II). The removal
efficiency decreased with an increase of initial Pb(II) concentration and optimum removal efficiency of
99.72% was at 50 mg/l Pb(II) solution, 0.5 g/l DLA dose and pH level of 5. The equilibrium data were
analyzed using the Langmuir and Freundlich isotherm models by nonlinear regression analysis at 20,
30 and 40 oC. It was found that the Langmuir isotherm model fitted better than the Freundlich isotherm
model. The kinetic adsorption of Pb(II) ions was analyzed by the pseudo-first-order, the pseudosecond-order and the intra-particle diffusion model, demonstrating the overall adsorption was the one
most suited to the pseudo-second-order kinetic model. Thermodynamic parameters, Gibbs free energy
(∆Go), enthalpy (∆Ho), and entropy (∆So) were also evaluated with application of the van’t Hoff
equation that describes the dependence of equilibrium constant on temperature. The thermodynamics
of Pb(II) adsorption onto DLA demonstrated that adsorption was spontaneous and endothermic.
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1. INTRODUCTION1
Protection of the environment has recently become an
important global issue. Heavy metal contamination of
the aqueous environment has been going on for
centuries, but its extent has increased markedly in the
last decades due to technological developments and
increased consumption of materials containing these
metals [1]. Presence of heavy metals in the environment
is a serious concern because they are non-degradable
and can be harmful to a variety of living species [2].
Therefore, either the complete removal of these metals
from water and wastewater, or a decrease of their
concentrations to permitted levels before discharge,
becomes essential with increased industrial activity. The
heavy metal lead is widely used in many important
industrial applications such as storage in batteries,
manufacturing, printing, pigments, fuels, photographic
materials and explosives, it is very toxic [3]. Lead is the
most significant toxin of the heavy metals and its effects
are of a toxicological and neurotoxic nature including
irreversible brain damage in humans. Inorganic forms of
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lead typically affect the central nervous system,
peripheral nervous system, and hematopoietic, renal,
gastrointestinal, cardiovascular, and reproductive
systems. Organic lead toxicity predominantly tends to
affect the central nervous system. Other hazardous
effects of lead are visual disturbances, convulsions, loss
of cognitive ability, antisocial behavior, constipation,
anemia, tenderness, nausea, vomiting, severe abdominal
pain, anemia, and gradual paralysis in the muscles [4].
Elimination of these toxic metal ions from water and
wastewater is therefore very important and urgent action
needs to be taken to protect both public health and the
environment. The common methods used for the
removal of heavy metal ions from aqueous solutions
include ion-exchange, solvent extraction, chemical
precipitation, ultra filtration, reverse osmosis, electro
dialysis and adsorption [5-8]. However, some of these
techniques have significant disadvantages including the
utilization of expensive equipment and monitoring
systems, high reagent or energy requirements, the
generation of toxic sludge or other waste products that
require disposal resulting in ineffective or incomplete
metal removal. They are also ineffective when the metal
ion concentration in aqueous solution is in the range of
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10–100 mg/l [9]. However, amongst these various
methods, metal cation adsorption is quite a promising
technique due to its high efficiency, ease of handling,
the availability of different adsorbents and its cost
efficiency. Carbons are widely used to activate
adsorption because of their good ability to adsorb a
large number of heavy metal ions. However, the price of
activated carbon is relatively high, which limits their
use therefore research into the production of cheaper
alternative adsorbents will generate widespread interest.
In general, an adsorbent can be assumed as “low cost” if
it requires little processing, is naturally abundant, or is a
by-product or waste material from industry or
agriculture [3]. Agricultural waste such as papaya wood
[10], teak leaf powder [11], coal fly ash [12], sago waste
[13], banana and orange peel [14], sawdust [15], rice
husk ash and neem bark [16], jute fiber [17], peanut hull
pellets [18], are all inexpensive adsorbents because they
have low economic value. Some advantages of using
these biomaterials for heavy metal adsorption include:
simple technique, simple processing requirement, high
adsorption efficiency, and capacity for the selective
adsorption of heavy metals [19]. Date-palm Leaf is an
agricultural by-product that has high silica content
making it unsuitable for consumption by domestic
animals. However, in this study date-palm (Phoenix
dactylifera) leaf ash (DLA) was used as a low cost and
simple adsorbent.
The objective of this work was to study the
adsorption characteristics of the Pb(II) ions from an
aqueous solution using DLA. Well-known isotherm and
kinetic models were applied to analyze the equilibrium
data and thermodynamic parameters, which were then
also calculated to describe the adsorption mechanism.
The change in enthalpy was used to identify whether the
sorption process is endothermic or exothermic and the
change in entropy was evaluated to indicate the
interaction forces between lead ions and DLA and the
spontaneity in the adsorption process.
2. MATERIALS AND METHODS
2. 1. Preparation of Sorbent
Date-palm leaves
(Phoenix dactylifera) were collected from Bushehr
nakhlestans (date-palm garden), SW Iran. They were
washed with distilled water to separate the remains of
sediment and particulate matter. Then, after shredding
and drying at 60˚C for 24 h, the remains were
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pulverized and burned in an electric furnace at 500˚C
for 3 h.
2. 2. Metal Solutions
Solutions of Pb(II) ions were
prepared by diluting a stock solution, which was
obtained by diluting a distinct quantity of Pb(NO3)2 [in
HNO3 0.5 mol/l] of analytical reagent grade obtained
from Merck in de-ionized water. The pH of metal
solution was adjusted to 5 and fresh dilutions were
made for each study.
2. 3. Batch Adsorption Studies
In order to study
Pb(II)
adsorption
in
contaminated
solutions,
experiments were carried out in batch laboratory scale.
Adsorption experiments were conducted to study the
effects of solution pH, initial Pb(II) ion concentration,
sorbent dose and temperature. Each experiment was
carried out in a 250 ml Erlenmeyer flask containing 100
ml Pb(II) solution by shaking the flask at 120 rpm for
the contact time period of 60 min. Samples were
withdrawn at specific time intervals (0, 5, 10, 15, 30 and
60 min) and filtered through 0.45 µm filters. The
filtered samples were then analyzed for residual Pb(II)
concentration.
2. 4. Initial Pb(II) Concentration and
Temperature Study To evaluate the effect of metal
ion concentration, 0.5 g sorbent was added to 100 ml of
solution, with different initial concentrations of 50, 100,
150, 200, 250 and 300 mg/l at three temperatures (20,
30 and 40˚C) and at pH 5. Filtered samples were
analyzed for residual metal ion concentrations. Metal
uptake by DLA was determined according to Equation
(1) [8]:
V
q e = ( Ci - C e )
(1)
s
where q (metal uptake) is the amount of metal ion
adsorbed on the DLA in mg/g, V is the volume of metal
containing solution in contact with the sorbent in liter,
Ci and Ce are the initial and equilibrium (residual)
concentrations of metal in the solution in mg/l,
respectively and S is the amount of added sorbent on dry
basis quantified in grams.
The adsorption efficiency was calculated using the
following equation [3].
R=

(C i - C e )
´ 100
Ci

(2)

TABLE 1. Quantitative results of DLA analysis by XRF methods
Characteristic

Value (%)

Characteristic

Value (%)

characteristic

Na2O

0.12

SO3

8.943

Fe2O3

Value (%)
0.402

MgO

2.068

Cl

0.357

Zn

0.033

Al2O3

0.633

K2O

6.411

Sr

0.023

SiO2

61.177

CaO

7.566

L.O.I

11.349

P2O5

0.837

MnO

0.082
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2. 5. pH Study
The effect of the initial pH solution
on the equilibrium uptake of Pb(II) was analyzed over a
pH range of 2 to 6. The pH was adjusted using 1N
NaOH and 1N HCl solutions. In this study, 100 ml of
metal solution of concentration 10 mg/l was agitated
with 0.1 g/l of adsorbent at room temperature for 60 min
at a constant agitation speed. Filtered samples were
analyzed for residual metal ion concentrations.
2. 6. Effect of Sorbent Dosage
The effect of
adsorbent dosage on metal adsorption was done by
agitating 100 ml of Pb (II) solution of 100 mg/l with
0.1, 0.3, 0.5, 1 and 2 g/l of adsorbent at room
temperature for 60 min at a constant stirring speed.
2. 7. Analytical Procedures
The chemical
composition of DLA was analyzed using X-ray
fluorescence spectroscopy (XRF) (Phillips, Axios). The
characteristics and composition of DLA are shown in
Table 1. The concentrations of residual Pb(II) ions in
the supernatant solutions were determined using flame
atomic absorption spectrophotometer (Philips, PU9400,
USA). Each determination was repeated three times and
the results presented as averages. Scanning Electron
Microscope (SEM, Phillips XL30, Holland) was used
for observation of DLA surface structures.

This data show that the percentage adsorption of Pb(II)
decreased with an increase of initial metal ion
concentration, which is in agreement with observations
of other studies [10-11, 13, 16]. The percentage removal
of Pb(II) ions from solutions decreased from 99.72% to
54.83%. The decrease in removal efficiency may be
attributed to lack of sufficient surface area to
accommodate excess metal available in the solution. At
lower concentrations, almost all Pb(II) ions of solution
could interact with the binding sites, and thus the
removal efficiency was higher than those at higher
initial Pb(II) ions concentrations. At higher
concentrations, the lower removal efficiency was due to
the saturation of adsorption sites. This result may
indicate the suitability of DLA as a sorbent for the
removal of Pb(II) ions from industrial effluent at lower
concentrations (<150 mg/l).
3. 3. Effect of pH Solution on Adsorption
The
pH level of the solution has been identified as the most
important variable affecting metal ion adsorption onto
the adsorbent which should be considered for any study
on adsorption [20]. The reaction of metal ions in
solution with the sorbent may be described as:
M+n + BHn ↔ BM + nH+

(3)

where, M represents the metal, n its charge and B the
active sorption site of the adsorbent.

3. RESULTS AND DISCUSSION
3. 1. Characterization of DLA
Knowledge about
the chemical and physical properties of DLA is
necessary in order to understand its adsorptive behavior.
The main constituents of DLA are silicon, sulfur,
calcium, potassium with smaller amounts of
magnesium, aluminum, iron and traces of many other
elements. Table 1 shows the chemical composition of
the DLA samples used in this study obtained by XRF
analysis. The SiO2 is the main constituent (61.177%)
and SO3 makes up about (9%) in sorbent sample. CaO
and K2O contents make up about 14% of DLA, while
Al2O3 and MgO compose about 2.7%. The loss on
ignition was found to be 11.349% by weight. The
morphological features and surface characteristics of
adsorbent materials are widely studied by using SEM
method. The SEM image of DLA is shown in Figure 1.
The adsorbent appeared to have a coarse porous surface
with irregular pores.
3. 2. Effect of Initial Pb(II) Concentration on
Removal Efficiency
Several experiments were
carried out to study the effect of initial Pb(II)
concentration on the removal efficiency (R) from the
solution. For this purpose 50-300 mg/l Pb(II) solutions
at pH 5, were contacted with 0.5 g/l DLA for the contact
period of 60 min. The results are shown in Figure 2.

a

5 mm

b

2 mm

Figure 1. SEM photomicrographs of two different size
fractions of DLA: a) 5000× b) 10000×.
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Figure 2. The effect of initial Pb(II) concentration (50–300
mg/l) on removal efficiency (R%) at 0.5 g/l of sorbent and pH
level of 5.
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Figure 3. Effect of pH level on metal ion adsorption at 10
mg/l of Pb(II) concentration and 0.1 g/l of sorbent.
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Figure 4. Effect of sorbent dose on metal ion adsorption at
100 mg/l of Pb(II) concentration and pH level of 5.

This, on one hand is due to the fact that hydrogen
ions themselves are strong competing ions, and on the
other hand that the pH of the solution influences the
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chemical speciation of the metal ions as well as the
ionization of the functional groups onto the adsorbent
surfaces [21]. In order to evaluate the influence of this
parameter the experiments were carried out at different
initial pH values. The pH range 2-6 was chosen in order
to avoid metal precipitation, which have been estimated
to occur at pH>6.5 for Pb(OH)2 [22]. The effect of pH
on metal ion adsorption at 10 mg/l of Pb(II)
concentration and 0.1 g/l of sorbent is shown in Figure
3. There is a gradual increase in adsorption with
increased pH from 2 to 5 and the maximum adsorption
occurred at pH 5. The same trend was reported in the
removal of Pb(II) ions by other sorbent materials such
as Hydrilla verticillata [2], Mango peel waste [23],
activated carbon, kaolin, bentonite, blast furnace slag
and fly ash [24]. The lower degrees of adsorption at low
pH values can be explained by the fact that at lower pH
values the H+ ion is higher and therefore protons can
compete with lead cations for surface sites, since at low
pH lead are present in solution as Pb2+ free cations. In
addition, when pH increases, there is a decrease in
positive surface charge (since the deprotonation of the
sorbent functional groups could occur), which results in
lower electrostatic repulsion between the positively
charged metal ions and the DLA surface as the sorbent.
At pH values above this optimum range, most metals
tend to precipitate out of solution in the hydroxide form
[25].
3. 4. Effect of Sorbent Dosage
To achieve the
maximum adsorption capacity, doses of PLA varied
from 0.1 to 2 g/l at 100 mg/l of Pb(II) concentration and
pH 5 the results of which are shown in Figure 4. In
general, an increase in adsorbent dosa increased the
Pb(II) adsorption due to an increased adsorbent surface
area. Results from other studies are in agreement with
this study [4, 26-27]. The results clearly indicate that a
Pb(II) concentration with 0.1 and 0.3 g/l of sorbent
seems to be the limit, the dose seems unable to be
reduced to zero and maximum percentage removal of
Pb(II) ions achieved 21.56% and 74.41%, respectively.
However, at 0.5 and 1 g/l sorbent the maximum
percentage removal of Pb(II) ions achieved 99% and
99.9%, respectively. Finally, the maximum percentage
removal with 2 g/l sorbent achieved 100% at 5 min
contact time.
3. 5. Adsorption Isotherms
The Langmuir and
Freundlich sorption isotherm models have been
successfully applied to establish the relationship
between the amount of Pb(II) adsorbed onto DLA and
its equilibrium concentration in aqueous solution at 20,
30 and 40˚C.
The most widely used isotherm equation for
modeling of the adsorption data is the Langmuir
equation, which is valid for monolayer adsorption onto
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a surface with a finite number of identical sites. A basic
assumption of the Langmuir theory is that adsorption
takes place at specific homogeneous sites within the
adsorbent. It is then assumed that once a metal ion
occupies a site, no further adsorption can take place at
that site. The rate of adsorption to a surface should be in
accordance with the proportion of driving force to area.
The driving force is the concentration in the solution,
and the area is the amount of bare surface. The equation
is written as follows [8]:
qe =

q max bC e
1 + bC e

charge exists, the Langmuir isotherms do not perform as
well as other types of interaction between adsorbent and
adsorbate [28].
There is also hydrophobic interaction between the
DLA surface and heavy metal ions [29]. According to
the correlation coefficient given in Table 2, the
Freundlich equation is an accurate presentation.
This fact can be justified by both physical and
chemical adsorption of the DLA processes which are
concurrent as the DLA used in this study contained
many amino and carboxyl functional groups notable for
their effective adsorption capacities that facilitated
multilayer adsorption at high concentrations [31].
Moreover, the qmax (35.151 mg/g) decreases with
decreasing temperature. Also, maximum adsorption
capacities (Kf) at 40˚ C reached to 11.98 mg/l. The
obtained qmax was higher than some qmax values of
sorbents reported in the literature [30-32]. The R2 values
suggest that Langmuir and Freundlich isotherm models
provide good correlations for the sorption of the Pb(II)
ions [33]. The good correlation confirms the formation
of a monolayer of Pb(II) on the surface of the PLA. The
main reason for this trend is the electrostatic interaction
between the adsorbent molecules and the adsorbate.

(4)

where qe is the amount of metal ion adsorbed in (mg/g),
Ce the equilibrium concentration of Pb(II) ions in mg/l,
qmax is qe for a complete monolayer in (mg/g) and b the
equilibrium constant that is referred to the bonding
energy of sorption in mg/l.
The Freundlich isotherm is an empirical equation
that is based on the sorption of a sorbate on a
heterogeneous surface of a sorbent, which is most
commonly written as follows [8]:
1

(5)

qe = K f Cen

where qe is the amount of metal ion adsorbed in (mg/g),
Ce the equilibrium concentration of Pb(II) ions in mg/l
and Kf (in mg/l) and 1/n are the Freundlich constants
incorporating all factors affecting the adsorption process
such as capacity and intensity. The Langmuir and
Freundlich constants and their correlation coefficients
(R2) evaluated from these isotherms from the non linear
Langmuir and Freundlich plots by plotting qe versus Ce
(Figure 5) are given in Table 2.
The sorption characteristics of Pb(II) on the DLA
followed more closely the Langmuir isotherm model
than the Freundlich isotherm model.
This observation is further supported by evaluation
of the respective correlation coefficients, which is a
measure of how well the predicted values from a
forecast model match the data from the experiment. The
main reason for this trend is the electrostatic interaction
between adsorbent molecules and the adsorbate.
When electrostatic interaction between DLA with a
negative surface charge and Pb(II) ions with a positive

40
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20

o
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o
30 C
o
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Freundlich
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100 120 140 160 180

Ce, mg/l
Figure 5. Langmuir and Freundlich isotherms for adsorption
of Pb(II) ions on DLA with of 0.5 g/l of sorbent and pH level
of 5.

TABLE 2. Constants of Langmuir and Freundlich isotherms for Pb(II) ions adsorption by DLA.
Temperature, oC

Langmuir

Freundlich
2

B

qmax

R

N

Kf

R2

20

0.158

28.06

0.996

4.61

9.76

0.970

30

0.116

31.84

0.984

4.06

9.42

0.947

40

0.145

35.15

0.925

4.54

11.98

0.870

F. Ghorbani et al. / IJE TRANSACTIONS B: Applications Vol. 25, No. 4, (November 2012) 269-278

188

TABLE 3. Kinetic parameters for adsorption rate expressions
Ci (mg/l)

qeexp. (mg/g)

50

Pseudo-first order

Pseudo-second order
−1

2

Intra-particle diffusion
−1

2

qe1 (mg/g)

K1 (min )

R

qe2 (mg/g)

K2 (min )

R

Ki (g/mg.min)

R2

9.419

2.263

0.121

0.736

9.425

2.817

1.000

0.018

0.544

100

17.816

8.548

0.070

0.565

18.975

0.014

0.991

2.633

0.434

150

27.24

27.568

0.059

0.973

32.258

0.002

0.923

1.202

0.993

200

29.9

20.836

0.058

0.947

31.545

0.007

0.988

1.170

0.988

250

36.34

17.738

0.056

0.839

37.594

0.009

0.995

1.523

0.928

300

34.45

25.704

0.056

0.970

36.764

0.005

0.986

3.959

0.992

Ci: initial Pb(II) concentration; qeexp.: experimental value; qe1 and qe2: calculated values;

t
1
t
=
+
qt
qe
K 2 q e2

(7)

where k2 is the pseudo-second order rate constant in
(g/mg.min). qe and K2 the parameters can be calculated
by a curve-fitting program from the slope and intercept
of t/qt (min.g/mg) versus t (min) plots, respectively

10

50 mg/l
100 mg/l
150 mg/l
200 mg/l
250 mg/l
300 mg/l
Pseudo-first-order

8
6

ln(qe-qt)

4
2
0
-2
-4
-6
-8
-10
0

20

40

60

Time, min
Figure 6. Pseudo-first order equations for Pb(II) adsorption at
0.5 g/l of sorbent, pH level of 5 and Various initial Pb(II) ion
concentration.

7

50 mg/l
100 mg/l
150 mg/l
200 mg/l
250 mg/l
300 mg/l
Pseudo-second-order

6

t

where qt and qe (mg/g) are the amounts of Pb(II) ions
adsorbed onto DLA at equilibrium and at time t (min),
respectively, and K1 (min−1) is the pseudo-first order
reaction rate equilibrium constant. The pseudo-first
order considers the rate of occupation of sorption sites
to be in proportion to the number of unoccupied sites. A
straight line of ln(qe-qt) versus t (min) indicates
application of the pseudo-first order kinetics model
(Figure6). In a true pseudo-first order process, -K1 and
ln qe parameters should be equal to the slope and
intercept of plot of ln(qe-qt) against t, respectively. In
many cases, the first order equation of Lagergren [35]
does not fit well with the whole range of contact time
and is generally applicable over the initial stage of the
adsorption process [36].
Based on equilibrium adsorption, the pseudo-second
order kinetic equation is expressed as:

(Figure 7). The results of the kinetics parameters for
Pb(II) ions, calculated from linear plots of pseudo-first
order and pseudo-second order kinetics models are
presented in Table 3. The low correlation coefficient
values obtained for the pseudo-first order model
indicates that sorption of metal ions did not follow the
pseudo-first order reaction.

t/q , min.g/mg

3. 6. Adsorption Kinetics In the present study, the
two kinetic models mentioned below were used to
describe Pb(II) ion adsorption by PLA. The degree of
conformity between data from the experiment and
values of the predicted model was expressed by the
coefficient of determination (R2). A relatively high R2
value for the relationship between measured and
predicted Pb(II) adsorption data indicated that the model
successfully described kinetic activity.
It should be noted that a high R2 for a particular
kinetic model does not necessarily mean that this
equation is the best. The pseudo-first order and pseudosecond order models [34] were applied to describe the
kinetics of adsorption. The pseudo-first order rate
equation is represented as:
ln (qe - q t ) = ln qe - K 1t
(6)

K1, K2 and Ki: rate constants.

5
4
3
2
1
0
0

20

40

60

Time, min
Figure 7. Pseudo-second order equations for Pb(II) adsorption
at 0.5 g/l of sorbent, pH level of 5 and various initial Pb(II) ion
concentration.
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tested for the diffusion mechanism. The intra-particle
equation can be described as [39]:

60
50 mg/l
100 mg/l
150 mg/l
200 mg/l
250 mg/l
300 mg/l

qe, mg/g

50
40

q i = k i t 0. 5

30
20
10
0
0

10

20

30

t

0.5

40

50

, min

0.5

60

70

80

Figure 8. Intra-particle diffusion plots for the adsorption of
Pb(II) ions at various initial concentrations.

10.4
10.3

Experimental data
Thermodynamic isotherm

lnK, l/g
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9.9
9.8
9.7
9.6
3.15

3.20

3.25

3.30

3.35

3.40

3.45

1/Tx10-3, K-1
Figure 9. Plot of lnK vs. 1/T×10-3 for estimation of
thermodynamic parameters for Pb(II) adsorption.

The calculated values of qe1 from the first-order
kinetic model are lower than those from the
experimental one. The insufficiency of the pseudo-firstorder model to fit the kinetic data could possibly be due
to limitations of the boundary layer that controls the
sorption process. It was observed that data from the
experiment fitted well to the pseudo-second-order
equation, which is based on the sorption capacity of the
solid phase.
The correlation coefficients (R2) for the linear plots
of t/qt against t for the pseudo-second order equation
were observed to be close to 1 for Pb(II) ions. The
theoretical qe2 values for metal ions were also very close
to the values deduced from the experimental values.
These observations suggest that metal sorption by DLA
followed the pseudo-second-order reaction, suggesting
that the process controlling the rate may be a chemical
sorption involving valence forces through sharing or
exchanging of electrons between sorbent and sorbate
[37].
3. 7. Adsorption Mechanism
The intra-particle
diffusion model proposed by Weber and Morris [38] is

(8)

where ki is the intra-particle diffusion rate constant in
g/mg.min. This demonstrated that the adsorption of
heavy metal by DLA was probably not due to surfacebinding but also occurred via intra-particle
accumulation. The plots of qt versus t0.5 at different
initial Pb(II) ion concentrations show multi-linearity
characterizations that are presented in Figure 8.
The results of the kinetics parameters for Pb(II) ions,
as calculated from the linear plots on the intra-particle
diffusion model are presented in Table 3. According to
this model, if there is a straight line passing through the
origin, it can be assumed that the mechanism involved
the diffusion of the species and the slope of the linear
curve is the rate constant of intra-particle transport (ki).
In the present study, for any plot that did not pass
through the origin the deviation was considered as being
due to the difference in the mass transfer rate between
the initial and final stages of adsorption. This plot
indicates that two steps occurred in the adsorption
process [40]. The first sharp section represents the
external surface adsorption or instantaneous adsorption
stage. The second subdued portion represents a gradual
adsorption stage, when the intra-particle diffusion is
rate-controlled [41]. The larger slopes of the first sharp
sections indicate that the rate of metal removal is higher
at the beginning stage due to the instantaneous
availability of a large surface area and an active
adsorption site. The lower slopes of the second subdued
portions are due to decreased concentration gradients
making Pb(II) ion diffusion in the micro pores of the
adsorbent take a long time, thus leading to a low
removal rate. These two steps evident in the plots as
well as their deviation from the origin suggest that intraparticle diffusion is not the only rate controlling step
taking place during the adsorption of Pb(II) ions onto
DLA [42].
3. 8. Thermodynamic Studies The thermodynamic
parameters can be determined using the distribution
coefficient (K) that is dependent on temperature. The
change in free energy (∆G0), enthalpy (∆H0) and
entropy (∆S0) associated with the adsorption process
were calculated using following equation [43]:
ln K =

DS o DH o
R
RT

(9)

where R is the universal gas constant (8.314 J/mol.K)
and T is the temperature in K. According to Equation
(9), ∆H0 and ∆S0 the parameters can be calculated by a
curve-fitting program from the slope and intercept and
plot of lnK versus 1/T, respectively (Figure 9). The
distribution coefficient (K) is calculated from the
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concentration of Pb(II) in the initial concentration (Ci )
and that of Pb(II) in the supernatant (Ce) after filtration
according to the following equation [44]:
K=

Ci - C e V
´
Ce
m

(10)

Where V is the volume of the solution (ml), and m is the
mass of the sorbent (g). The Gibbs free energy, ∆G0, of
specific adsorption was calculated from the well-known
equation:
DG o = DH o - TDS o

(11)

The data calculated from Equations (9 - 11) are
presented in Table 4. The adsorption of Pb(II) ions
increase with an increase of temperature and the value
of ΔH0 is positive. The positive values of ΔH0 indicate
the endothermic behavior of the adsorption reaction of
Pb(II) ions and suggest that a large amount of heat is
consumed to transfer the Pb(II) ions from an aqueous to
a solid phase (DLA). The ΔG0 for the adsorption
process was as −47.383, −49.001 and −50.619 kJ/mol at
293, 303 and 313 K, respectively. The negative ΔG0
values at different temperatures were due to the fact that
the
adsorption
process
is
feasible
and
thermodynamically spontaneous. The value of ΔG0 that
decreased with an increase in temperature indicated
more efficient adsorption of Pb(II) at higher
temperature. At higher temperature, ions are readily
desolvated, and therefore their adsorption becomes
more favorable. The positive values of entropy change
(ΔS0) reflect the affinity of adsorbent material (DLA) to
Pb(II) ions in aqueous solutions and suggest that some
structure change has taken place in the adsorbent.

4. CONCLUSION
In this study, Date-palm Leaf (Phoenix dactylifera) Ash
(DLA) was used as a low cost and simple adsorbent for
the removal of Pb(II) from an aqueous solution. The
DLA had a very high adsorption capacity to remove the
Pb(II) ions, with a maximum monolayer adsorption
capacity of 35.408 mg/g at 40 ˚C. Adsorption capacity
was affected by the initial Pb(II) concentration, pH level
of the solution and the adsorbent dose. The Removal
Efficiency decreased with the increase of initial Pb(II)
concentration and a gradual increase was observed in
adsorption with an increase of pH from 2 to 5. However,
the maximum adsorption was at a pH level of 5.
Moreover, an increased dose of adsorbent increased
Pb(II) adsorption, evidently due to an increased
adsorbent surface area. The sorption characteristics of
Pb(II) on the DLA followed more closely the Langmuir
isotherm model than the Freundlich isotherm model.
The low correlation coefficient values obtained for the
pseudo-first order model indicates that sorption of metal
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ions did not follow the pseudo-first order reaction. Data
from the experiment fitted well to the pseudo-second
order equation, which is based on the sorption capacity
of the solid phase. According to data from this
experiment, the intra-particle diffusion was not the only
rate controlling step for the adsorption of Pb(II) ions
onto DLA. The negative value of ∆G and positive value
of ∆S showed that the adsorption of Pb(II) ions onto
DLA was feasible and spontaneous while the positive
value of ∆H confirmed the endothermic nature of
adsorption. It can therefore be concluded that this
agricultural waste in the form of residue could be
substituted in place of activated carbon as an adsorbent
due to its abundant availability, high adsorption capacity
and low cost. Further research dealing with other
aspects of the adsorption process and toxic metal may
still be needed.
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PAPER INFO

ﻗﺎﺑﻠﯿﺖ ﮐﺎرﺑﺮد ﺧﺎﮐﺴﺘﺮ ﺑﺮگ ﻧﺨﻞ ) (DLA) (Phoenix dactyliferaرا )ﺑﻪ ﻋﻨﻮان ﭘﺴﻤﺎﻧﺪ ﮐﺸﺎورزي ارزان ﻗﯿﻤﺖ( ﺟﻬﺖ
ﺟﺬب ﯾﻮنﻫﺎي ) Pb(IIﺑﺮرﺳﯽ ﺷﺪه اﺳﺖ .ﻓﺮآﯾﻨﺪ ﺟﺬب ﺟﻬﺖ ﺑﺮرﺳﯽ ﻏﻠﻈﺖ اوﻟﯿﻪ ،دوز ﺟﺎذب ،زﻣﺎن ﺗﻤﺎس pH ،و دﻣﺎ
اﻧﺠﺎم ﺷﺪ .ﻧﺘﺎﯾﺞ ﻧﺸﺎن داد ﮐﻪ ﺑﺎ اﻓﺰاﯾﺶ دوز ﺟﺎذب ،ﺟﺬب ﯾﻮن ﻓﻠﺰي اﻓﺰاﯾﺶ ﻣﯽﯾﺎﺑﺪ .ﮐﺎﻫﺶ ﮐﺎراﯾﯽ ﺣﺬف ﺑﺎ اﻓﺰاﯾﺶ
ﻏﻠﻈﺖ ﯾﻮن اﻓﺰاﯾﺶ ﯾﺎﻓﺘﻪ و ﻣﻘﺪار ﺑﻬﯿﻨﻪ ﺣﺬف  %99/72ﺑﺎ ﻏﻠﻈﺖ  50 mg/lﯾﻮن ﻓﻠﺰي 0/5 g/l ،دوز ﺟﺎذب  DLAو pH
 5ﺑﻪ دﺳﺖ آﻣﺪ .دادهﻫﺎي ﺗﻌﺎدﻟﯽ ﺑﻪ دﺳﺖ آﻣﺪه ﺑﺎ اﺳﺘﻔﺎده از ﻣﺪلﻫﺎي ﻫﻢدﻣﺎي ﻻﻧﮕﻤﺎﯾﺮ و ﻓﺮوﻧﺪﻟﯿﭻ ﺑﺎ رﮔﺮﺳﯿﻮن ﻏﯿﺮﺧﻄﯽ در
 30 ،20و  40 ˚Cآﻧﺎﻟﯿﺰ ﺷﺪﻧﺪ .ﺳﯿﻨﺘﯿﮏ ﺟﺬب ﯾﻮنﻫﺎي ) Pb(IIﺑﺎ اﺳﺘﻔﺎده از ﺳﻪ ﻣﺪل ﺳﯿﻨﺘﯿﮑﯽ ﺷﺒﻪ ﻣﺮﺗﺒﻪ اول ،ﺷﺒﻪ ﻣﺮﺗﺒﻪ
دوم و اﻧﺘﺸﺎر درون ذرهاي ﻣﻮرد ﺑﺮرﺳﯽ ﻗﺮار ﮔﺮﻓﺘﻨﺪ .ﻓﺮآﯾﻨﺪ ﺟﺬب ﺑﯿﺸﺘﺮﯾﻦ اﻧﻄﺒﺎق را ﺑﺎ ﻣﺪل ﺷﺒﻪ ﻣﺮﺗﺒﻪ دوم ﻧﺸﺎن داد.
ﻫﻤﭽﻨﯿﻦ ﭘﺎراﻣﺘﺮﻫﺎي ﺗﺮﻣﻮدﯾﻨﺎﻣﯿﮑﯽ ،اﻧﺮژي آزاد ﮔﯿﭙﺲ )˚ ،(∆Gاﻧﺘﺎﻟﭙﯽ )˚ (∆Hو آﻧﺘﺮوﭘﯽ )˚ (∆Sﺑﺎ اﺳﺘﻔﺎده از ﻣﻌﺎدﻟﻪ واﻧﺖ
ﻫﻮف ،ﮐﻪ واﺑﺴﺘﮕﯽ ﺛﺎﺑﺖ ﺗﻌﺎدل ﺑﻪ دﻣﺎ را ﺗﻮﺻﯿﻒ ﻣﯽﮐﻨﺪ ،ارزﯾﺎﺑﯽ ﺷﺪ .ارزﯾﺎﺑﯽ ﻧﻬﺎﯾﯽ ﺗﺮﻣﻮدﯾﻨﺎﻣﯿﮑﯽ ﺟﺬب ﯾﻮنﻫﺎي )Pb(II
ﺑﺎ ﺟﺎذب  DLAﻧﺸﺎن داد ﮐﻪ واﮐﻨﺶ ﮔﺮﻣﺎزاﺳﺖ و ﺑﻪ ﺻﻮرت ﺧﻮدﺑﻪﺧﻮدي اﻧﺠﺎم ﻣﯽﺷﻮد.
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