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Abstract. Acacia tortilis leaves was used as adsorbent material. The influence of initial pH and contact time
on adsorption capacity was studied. The batch experiments were used to predict the adsorption capacity of
lead cations onto Acacia tortilis leaves. The adsorption process was tested with Langmuir and Freundlich
isotherm models. Thermodynamic parameters such as Δ Gº, Δ Hº and Δ Sº were calculated for predicting the
nature of adsorption. The maximum adsorption capacities were 704.8, 632.3, 437, 332 mg/g at 293, 303, 313,
323, 333 K, respectively.
The aim of the study is to use Acacia tortilis leaves as low cost agriculture waste for removal of lead cations
from aqueous solution.
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1. Introduction
Heavy metals such as lead, mercury, cadmium, cobalt and zinc are toxic and cause environment
pollution specially water pollution. Many industries, such as batteries and steel industries discharge various
concentrations of lead into water media [1,2]. Because of high toxicity of lead, it's removal from water
environment is very important. Lead can accumulates mainly in bones, kidney, muscles and brain. Lead
cause too much health problems for instance hypertension, brain damage and kidney damage [3]. Even low
concentration of lead present in waste water, may cause hepatitis and anemia [3]. The recommended levels
of lead in waste water as reported by Environmental Protection Agency (EPA) and Water Health
Organization (WHO) are 0.05 and 0.01 mg/l, respectively [3].
There are different techniques were used to reduce heavy metal cations from polluted water, namely
solvent extraction, ion exchange, precipitation, membrane process, oxidation, reduction, electrolysis and
adsorption [4]. Among all these techniques, adsorption is wildly used due to low operating costs and high
efficiency [5]. Different agricultural materials such as rich husk [6], tree fern [7] and cotton [8] were used as
low-cost adsorbents.
In the present work, the ability of Acacia tortilis leaves to reduce lead cations from aqueous media have
been studied. The parameters such as initial pH of lead cation solution and contact time was also studied.
The adsorption isotherm as well as kinetic adsorption and thermodynamic adsorption have been investigated.

2. Materials and methods
2.1. Reagents and equipments
All chemical reagents grade were obtained from Merck, Germany. A pH meter, model 3505 was
delivered from Jenway Felsted, Dunmow, Essex C.46 SLB, United Kingdom. The shaker of orbital shaker
model number 501 was purchased from Stuart Scientific, United Kingdom.
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2.2. Preparation of Acacia tortilis leaves
Acacia tortilis leaves were washed several times with distilled water to remove impurities. The washed
leaves were filtered then dried in a drying oven at 93 oC for 2 hours. The dried leaves were grounded and
particles diameter of 50-125 µm were obtained. The obtained fine powder was stored in plastic container to
be used later without any pretreatment.

2.3. Preparation of lead cations
Stock solution (2000 mg/l) of lead cations was prepared by dissolving lead acetate salt in distilled water.
The stock solution was diluted to the work solutions before use. The pH of work solutions was controlled
using 0.1 M HCl or 0.1 M NaOH solutions.

2.4. Batch adsorption experiments
The batch adsorption experiments were carried out by adding a fixed amount of Acacia tortilis leaves
(0.04 g) to each stopper conical flask filled with 100 ml of lead cation solution of required concentration.
The content of the flasks were shaked (400 rpm) with required contact time at required contact temperature
and pH. The content of the flasks were filtered. The initial lead concentration as well as final lead
concentration after adsorption was calculated by titration with EDTA using xylenol orange as indicator. The
amount of adsorbed lead cations onto Acacia tortilis leaves was calculated using the following expression:

qe =

(C o − C e ) × V
W

(1)

where qe, adsorption capacity per unit mass of Acacia tortilis leaves at equilibrium (mg/g); Co, initial
concentration of lead caions in aqueous solution (mg/l); Ce is the final concentration of lead cations after
adsorption (mg/l); V is the volume of lead cations solution in contact with Acacia tortilis leaves, (l); W is the
dry weight of Acacia tortilis leaves, (g).

3. Results and discussions
3.1. Effect of initial pH on adsorption capacity
The pH of adsorption media is the most important factor influencing the adsorption capacity [3]. The
study of this effect was preformed at initial lead cations concentration of 300 mg/l, contact time of 2 hours
and temperature of 303 K. As shown in Figure 1, the initial pH was varied between 2.9 and 4. The optimum
initial pH was found to be 4. At low pH values, the decrease of the vacancies for lead cations due to the
intensive concentration of H+ ions causes a decrease in adsorption capacity of lead cations onto the surface of
Acacia tortilis leaves. At pH higher than 4, lead cations may be precipitated and adsorption studies could not
be performed.
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Figure 1: Effect of initial pH on adsorption capacity.

3.2. Effect of contact time on adsorption capacity
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The results in Figure 2 show that, the adsorption capacity was fast within 15 min, then increased slowly
with contact time before reaching a plateau value after 60 min. Therefore, it is very clear to consider 60 min
as equilibrium time. The study was conducted at initial lead cations concentration of 309.2 mg/l, initial pH of
4 and temperature of 303 K.
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Figure 2: Effect of contact time on adsorption capacity.

3.3. Adsorption isotherm

qe (mg/g)

Figure 3 presented the plotting of adsorption isotherm by the use of adsorbent amount (qe) and
concentration of adsorbate (Ce) at equilibrium.
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Figure 3: Adsorption isotherm of lead cations onto Acacia tortilis leaves at two different temperatures.
The analysis of isotherm data should be fitted into any of isotherm models, to find a suitable isotherm
model could be used to design the adsorption process. Langmuir [10] and Freundlich [11] isotherm models
were applied in the present study.
The Langmuir equation expressed as follows:

Ce
1
1
=
+
Ce
q e q max .b q max

(2)

where qmax (mg/g) and b (l/mg) are related to the maximum adsorption capacity and energy of adsorption,
respectively. These constants were obtained from the plots of C e versus Ce and used to calculate the
Langmuir constant (KL) according to the following equation:
qe
KL = qmax × b
(3)
The Freundlich equation can be expressed as follows:

1
log qe = log K F + loqCe
n

(4)

where KF and n are the Freundlich constants which determined from the plots of log ce versus log qe .
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Table 1 presented the isotherm parameters for both Langmuir and Frundlich models. It is noted from the
linear coefficients (R2) of the adsorption isotherm, that the Freundlich isotherm model showed a better fit to
the present work. The values of n (1-10), indicating that the adsorption of lead cations onto Acacia tortilis
leaves is favorable [12].
Table 1: The Langmuir and Freundlich isotherm parameters at two different temperatures.

303

b (l/mg)
0.0045

Langmuir isotherm
KL (l/g)
4.11

R2
0.9660

KF
23.97

333

0.0013

0.78

0.9488

1.47

T (K)

Freundlich isotherm
n
R2
1.9204
0.9912
1.2134

0.9982

3.4. Thermodynamic studies
The type of the adsorption can be determined through the quantities of thermodynamic parameters such
as Gibbs free energy Δ G0, standard enthalpy Δ H0 and entropy change Δ S0 for the adsorption of lead
cations onto the surface of Acacia tortilis leaves. These parameters are given in Table 2. Δ G0 was calculated
using the following equation:

Δ G0 = -RTln KL

(5)

Where R is the universal gas constant (8.314 j/mol k)

Δ H0 and Δ S0 were calculated respectively from the slop and intercept of the plots of

1
versus ln K
T

(Figure not shown) using the Van't Hoff equation [13]:

ln k =

ΔS ° ΔH °
−
R
RT

(6)

The negative values of Δ G0 showed that, the adsorption process was spontaneous thermodynamically.
However, the decrease of the values of Δ G0 with increase temperatures proved that, the adsorption was not
favorable at higher temperatures. The negative value of Δ H0 indicated the exothermic nature of the
adsorption process. The negative value of ∆So suggest the decrease of randomness through the interface
during the adsorption of lead cations onto the surface of Acacia tortilis leaves.
Table 2: Thermodynamic parameters for adsorption of lead cations from aqueous solution At two different temperatures.

∆Go (kJ/mol. K)
303 K

303 K

303 K

303 K

-3.55

-2.04

-1.48

0.62

∆Ho (kJ/mol. K)

∆So (kJ/mol. K)

-43.56

-0.13

4. Conclusion
The adsorption capacity was initial pH dependent and the optimum pH was 4. The adsorption of lead
cations onto the Acacia tortilis leaves was very fast within 15 min and reached equilibrium after 60 min.
Freundlich adsorption isotherm was better fitted for adsorption of cations than Langmuir adsorption isotherm.
The process is exothermic in nature due to the negative value of ∆Ho. At temperatures 303 K and 333 K, the
system was spontaneous and the spontaneously decrease as the temperature increase. The randomness is
decrease through the interface during the adsorption of lead cations onto the surface of Acacia tortilis leaves
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