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ABSTRACT

The use of chemically activated biomass from Leucaena as an economic agricultural waste
was investigated for the removal of Cu(II) and Pb(II) ions. The structural morphology and
composition of the studied activated carbon were evaluated by scanning electron micro-
scope (SEM), XRD, FTIR, X-ray fluorescence, and CHNS elemental analyses. SEM and FTIR
analyses indicated that a lot of cavities and functional groups, such as carboxyl and amino
groups, were present on the external surface of activated carbon. Effects of various parame-
ters such as contact time, pH, temperature, and adsorbent dose on the adsorption percent-
age of Cu(II) and Pb(II) have been investigated. The data indicated the proportional
dependence of the adsorption of these metals on both pH of the solution and the amount of
adsorbent up to 0.05 g. On the basis of distribution studies, the linear relations between
log Kd and pH were observed for Cu2+ and Pb2+ ions with slopes 0.53 and 1.20, respec-
tively, with the selectivity order Pb2+ > Cu2+. Thermodynamic parameters, ΔH˚, ΔS˚, and
ΔG˚ were calculated and indicated an endothermic and spontaneous process. The values of
breakthrough capacity were calculated and found to be equal to 4.92 and 15.09 mg/g for
Cu2+ and Pb2+, respectively.

Keywords: Leucaena plant wastes; Activated carbon; Heavy toxic metals; Distribution studies;
Thermodynamic parameters; Separation

1. Introduction

Water pollution is one of the most significant envi-
ronmental problems. The most common toxic heavy
metal are Cr, Se, Al, As, Cd, Cu, Pb, and Hg. These
heavy metals reach the human body through drinking
and skin absorption [1].

Researchers were interested to find cheaper
adsorbents with high adsorption efficiency relative to
these costly wastewater treatment methods such as

chemical precipitation, ion-exchange, electroflotation,
membrane separation, reverse osmosis, electrodialysis,
solvent extraction, etc. [2]. According to Bailey et al.
[3], an adsorbent can be considered as cheap, especially
if it is abundant in nature. Biological materials are one
of these adsorbents that are available in large quantities
from agricultural operations [4]. Different agricultural
byproducts such as nut shells, wood, bone, peat, and
coconut shells, were processed into activated carbons
[5–14] and biomass, such as Aspergillus tereus [15]
Rhizopus arrhizus [16], were reported as an important
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adsorbent for the removal of heavy metals, radionu-
clides, and organics from industrial wastewater.

Leucaena belonging to Leguminacae, is a giant,
dense, and quick growing tree, cultivated in the tropi-
cal dry regions including Pakistan, Egypt, etc., used
for forage [17–19], medicinally it has been studied on
tumor cells [20], as anti-fertility agent [21], and it is
also used in the treatment of parasitic diseases [22], it
has fungicidal properties [23] and normalize the soil
acidity, salinity. Leucaena seeds increase the level of
provitamin in chicken [24], and its foliage is a good
source of dietary nutrients, serving as an animal feed
and poultry diet [25,26], and it is also used as human
food [26].

Leucaena adsorbent has a good efficiency, fast
kinetics, as well as easily handing with small amount
of secondary sludge. Different processes are used for
the preparation of activated carbon, the so-called
physical and chemical activation. Chemical activation
is a well-known method for preparing activated car-
bons, which has been the object of great study in the
last years, as it presents several advantages compared
to physical activation. An important advantage of
chemical activation is that the process allows us to
obtain very high surface area activated carbons
[27–30].

In this work, laboratory studies to produce acti-
vated carbon from Leucaena by chemical activation are
presented. The prepared activated carbon was charac-
terized using different analytical techniques such as
chemical stability, scanning electron microscope
(SEM), DTA, and TGA, XRD analysis, and FTIR spec-
tra. It is essential to study the thermodynamics param-
eters (ΔG˚, ΔS˚, and ΔH˚) for the adsorption of Cu2+

and Pb2+ on Leucaena activated carbon, equilibrium
distribution coefficients of metal ions on the prepared
activated carbon were determined to explore the
removal efficiency of the studied cations.

2. Experimental

2.1. Preparation of activated carbon from Leucaena

Leucaena agricultural waste byproducts were col-
lected from a farm of soil & water research depart-
ment, nuclear research center, atomic energy
authority, Inshass, Egypt. The dry Leucaena agricul-
tural waste byproducts were washed with tap water
several times, then washed with distilled water to
remove earthy impurities. Then, it was dried in an air
oven at 50 ± 5˚C for 8 h.

Leucaena agricultural waste byproducts were trea-
ted chemically by mixing with 1.0 M KOH in the ratio
of 1:10 (Leucaena: KOH, w/v) at room temperature.

The mixture was allowed to stand for 24 h, and then
the excess solution was decanted off. Treated Leucaena
was repeatedly washed with distilled water until the
base was undetected in the filtrate and then dried at
105 ± 5˚C until its weight attained a constant value,
followed by grinding and sieving to ~0.168 mm. The
product was washed sufficiently with 4 M HCl in the
ratio of 1:10 (Leucaena: HCl, w/v) at room temperature
for 3 h, and washed with distilled water until the pH
of the supernatant was above 4.0 to remove the resid-
ual KOH, and then the wet product was dried in the
laboratory at room temperature until the constant
weight. The dried material was activated by burning it
in a muffle furnace at 800˚C for 30 min. The pyrolyzed
sample was preserved in desiccators and then stored
in airtight plastic bottles. No other physical and chem-
ical treatments were performed prior to batch sorption
experiments.

2.2. Physical and chemical characteristics of the adsorbent

Particle size was determined using sieves of differ-
ent particle size. Packed and apparent densities were
determined by a tamping procedure using a 10 mL
graduated glass cylinder. The sorbents were analyzed
for their BET-specific surface area (calculated using
the BET standard method). The XRD spectra of the
powdered samples were obtained using a Shimadzu
X-ray diffractometer obtained from Shimadzu Kyoto
“Japan”, model XD-Dl, with a nickel filter and a Cu
Kα-X-radiation tube (λ = 1.5418 Å), in a diffraction
angle (2θ) range of 4–90˚. SEM image of the particles
was identified using Jeol SEM of JSM-6510A Model,
Japan, operating with beams of primary electrons
ranging from 5 to 30 keV. The chemical composition
of the studied sorbent was performed by X-ray fluo-
rescence (XRF) of solid samples with Philips XRF
detector, Holland, while, the chemical composition of
the organic part was performed by the Flash EA Ana-
lyzer, Italy (Elemental analysis, C, H, and N concen-
trations). The IR spectra of the prepared activated
carbon were measured by the KBr disk method by
mixing the solid with potassium bromide in the ratio
1:4 and ground to a very fine powder. A transparent
disk was formed in a moisture-free atmosphere. The
IR spectra were recorded using a Shimadzu infrared
spectrometer (BOMEM-FTIR) obtained from Shimadzu
Kyoto “Japan”, in the range 400–4,000 cm−1. Measure-
ments of differential thermal and thermogravimetric
(TG) analyses were carried out using a Shimadzu
DTG-60 thermal analyzer obtained from Shimadzu
Kyoto “Japan”. The sample was measured for ambient
temperature of up to 1,000˚C in N2 atmosphere, with
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the heating rate of 10 deg/min and using alumina
powder as a reference material.

2.3. Batch technique

The adsorption of Cu2+ and Pb2+ ions by the syn-
thesized activated carbon was carried out using a
batch technique, where 0.05 g of carbon was contacted
with 5 mL of a 50 mg/L of the above mentioned metal
ions solution at a V/m ratio of 100 mL/g. The experi-
ments were conducted in mono element system. The
liquid/solid ratio (v/m) in all adsorption measure-
ments was kept constant, whereas otherwise parame-
ters were specified. In all cases, the pH of the solution
was adjusted using a few drops of 12 M hydrochloric
acid and was measured before and after equilibration
using a pH meter of the bench, model 601A, USA. The
mixture was placed overnight (time within an equilib-
rium was attained) in a shaker thermostat adjusted at
25 ± 1˚C; agitating rate, 400 rpm. After equilibrium,
the solutions were separated by centrifugation. The
percentage adsorption (U%) of metal ions by solid
phase was deduced as in Eq. (1). The concentration of
the metal ions was measured (using atomic absorption
spectrophotometer). All tests were repeated for three
times and the total experimental error was found to
be about ±3%.

U ð%Þ ¼ Ao � Af

Ao
� 100 (1)

Kd ðmL=gÞ ¼ ½Ao � Af �
Af

� V=m (2)

where Kd is the distribution coefficient, Ao and Af are
the concentrations of the ions in solution before and
after equilibration (mg/L), respectively, V is the solu-
tion volume (mL), and m is the adsorbent mass (g).

2.4. Separation factor

The separation factor may be considered as the rel-
ative tendency of two ions to be adsorbed on an
exchanger from solutions of equal concentration. It is
used as a measure of the possibility of chromato-
graphic separation and is also expressed as the ratio
of the distribution coefficients of the elements to be
separated as:

Separation factor ðaA=BÞ ¼ KdA=KdB

where KdA and KdB are the distribution coefficients for
the two competing species A and B in the ion-ex-
change system.

2.5. Continuous flow experiment

Chromatographic column breakthrough investiga-
tions were conducted in a multi element system, as
follows; 0.3 g of the activated carbon of particle size
0.168 mm was packed in a glass column (0.5 cm diam-
eter and 5 cm height) to give a bed height of 1.1 cm3

volume. 150 mL of the desired neutral solutions (pH
4.65) containing 100 mg/L of metal chloride [M (Cl)x,
where M = Cu2+ and Pb2+] were passed through the
column beds at a flow rate of 0.75 mL/min, this vol-
ume is sufficient to make all the active sites in the sur-
face of the studied sorbent completely saturated with
Pb2+ and Cu2+ ions; equal fractions were collected,
about 10 mL in each fraction, and the concentrations
were continuously measured using atomic absorption
spectrophotometer.

3. Results and discussion

3.1. Characterization of material

The physicochemical characterization and chemical
composition of the studied activated carbon are shown
in Tables 1 and 2.

The solubility experiments show that the studied
sorbent has reasonably good chemical stability
(Table 1). As the results indicate that the material is
resistant to HNO3 and HCl media, the chemical stabil-
ity of the studied activated carbon is very high as
compared to other activated carbons [31–33].

The IR spectrum of the chemical activated biomate-
rial is shown in Fig. 1, from which, the broad mixed
stretching vibration adsorption band of amino and
hydroxyl groups could be seen at 3,442–3,750 cm−1

[34]. The peak at 3,419 cm−1 represents the stretching

Table 1
Characteristics of the Leucaena activated carbon

Parameter Value

Moisture content (%) 9.88
Bulk density (g/mL) 0.236
Apparent density (g/mL) 0.148
Ash content (%) 2.26
pH 5.78
Surface area (m2/g) 245
Particle size (mm) 0.168–0.750
Solubility in water (%) 0.10
Solubility in 0.5 M HCl (%) 0.25
Solubility in 5 M HCl (%) 0.88
Solubility in 0.5 M HNO3 (%) 0.3
Solubility in 5 M HNO3 (%) 0.98
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vibrations of the surface hydroxyl group Si–OH as well
as the –OH stretching vibrations of carboxylic [34–36].
The bands around 2,855 and 2,920 cm−1 are due to
asymmetric and symmetric C–H stretching vibrations
in aliphatic –CH, –CH2, –CH3 [37]. There was an obvi-
ous characteristic stretching vibration absorption band
of carboxyl groups at 1,750 cm−1 [37]. The band at
1,620 cm−1, can be attributed to the bending vibrations
of adsorbed water [36]. The peak at 1,413 cm−1 is due
to the deformation vibration of hydroxyl groups (may
be due to Si, Al, and/or Ca-OH deformation vibration)
[38,39]. The peak at 1,384 cm−1 represents the COO−

symmetric stretching vibrations as well as the C–N
stretching vibrations [34]. The peak at 1,250.40 cm−1

represents the symmetric SO3 stretching vibrations
[34]. The 1,111 cm−1 peak corresponds to C–O
stretching vibration and O–H bending modes of

alcoholic, phenolic, and/or carboxylic groups [37]. The
peak at 1,033 cm−1 is due to the presence Si–O stretch-
ing bond [40]. The band at 869 cm−1 is the characteris-
tic of out-of-plane deformation vibration of C–H in
aromatic structure [41]. The peak at 763 cm−1 is consid-
ered to be the bonding between C and Si, or the over-
lapping of the Si–O and Si–OH [42–44]. The bands at
567 and 465 cm−1 are assigned to Si–O–Al and Si–O–Si
bending vibrations, respectively [45]. The bands
between 416 and 465 cm−1 are associated with metal
oxygen bonds (may be due to Ca–O) [46,47]. The FTIR
spectrum gives the indication of the polyfunctional
nature of the biosorbent.

The results illustrated in Fig. 2 show the FTIR
spectra of the unloaded chemical activated biomate-
rial, Pb(II)-loaded, and Cu(II)-loaded chemical acti-
vated biomaterial. These results represent the
information about the functional groups on the surface
of the cell wall of the biomass material and the possi-
ble interaction between the metals and these func-
tional groups. It could be observed that the intensity
and broad of the peaks at 3,750, 3,419, 1,111, and
1,033 cm−1 are changed after loading of Pb(II) and Cu
(II). These significant changes in the intensity and
broad of these peaks after loading of Pb(II) and Cu(II)
indicate that the functional groups (amino, hydroxyl,
and C–O) were involved in the adsorption of Pb(II)
and Cu(II) on the surface of activated carbon and thus
confirmed that the adsorption is chemical adsorption.

The X-ray diffraction patterns of Leucaena activated
carbon are presented in Fig. 3, from which, it can be
deduced that calcium aluminum silicate hydrate (Ca–
Al2Si4O12·2H2O), calcium carbonate (CaCO3), calcium
sulfate (CaSO4), and carbon are the main phases pre-
sent in the sorbent. The peaks, at incidence angles

Table 2
Chemical composition of the Leucaena activated carbon

Component Concentration (%)

C 52
H 2.2
N 3.9
S 2.22
Cl 1.68
Al2O3 6.7
SiO2 7.8
CaO 15.38
Na2O 1.2
Fe2O3 1.33
K2O 0.82
P2O5 0.66
MgO 0.78
Others 1.07

Fig. 1. IR spectrum of Leucaena activated carbon.

Fig. 2. IR spectrum of (A) unloaded chemical activated bio-
material, (B) Pb(II)-loaded chemical activated biomaterial,
and (C) Cu(II)-loaded chemical activated biomaterial.
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29.50˚ and 39.10˚ 2θ, indicate the presence of (CaCO3)
[48], as it is known that CaCO3 minerals are usually
present in most ground and surface soils [49]. The
peaks, at 20.50˚, 30.70˚, and 32.90˚ 2θ, are due to the
presence of (CaSO4) [48], The peaks, at 25.10˚ and
26.90˚ 2θ, indicate the presence of silica group which
corresponds to (Ca–Al2Si4O12·2H2O) [48,50,51]. The
peak at incidence angles (2θ) of 44.30 corresponds to
carbon [50,51]. These results are confirmed with the
data obtained from the elemental and FTIR analyses.

The TGA–DTA data curve of Leucaena activated
carbon given in Fig. 4 shows that as the biomass sor-
bent was heated from room temperature to 100˚C, the
moisture was vaporized out [34], and the total mass
loss has reached 9.88%. A little degradation occurred
at 437˚C, the total mass loss was about 1.29%. It might

be possible that the free radical mechanism occurred
to eliminate water and to produce the volatile gasses
up to that temperature [34]. 87.03% of rapid weight
loss occurred between 437 and 762˚C, and this may be
due to the decomposition of hemicellulose compo-
nents [34]. From 762 to 1,000˚C, the weight of the bio-
mass sorbent became constant.

Fig. 5 displays the SEM micrographs for particles
of the Leucaena activated carbon prepared at three
magnifications (1.0, 2.0, and 5k×). It can be seen from
Fig. 4, that the external surface of activated carbon is
full of cavities.

3.2. Adsorption dynamics

3.2.1. Effect of contact time

Equilibrium time is one of the most important
operational parameters for an economical wastewater
treatment process. Fig. 6 depicts Pb(II) and Cu(II)
removal efficiencies as a function of contact time, from
which, it is shown that increase in contact time
increased removal efficiency until equilibrium adsorp-
tion was established. Equilibrium adsorptions were
established within 120 min in which Pb(II) and Cu(II)
removal efficiencies were 97 and 50%, respectively.
Therefore, 120 min shaking time was selected for all
further studies.

3.2.2. Effect of solution pH

The effect of pH on the adsorption of Pb(II) and
Cu(II) is presented in Fig. 7. The pH of the aqueous
solutions is an important operational parameter in the
adsorption process because it affects the solubility of
the metal ions, concentration of the counter ions on
the functional groups of the adsorbent, and the degree
of ionization of the adsorbate during the reaction
[52,53]. Thus, the role of hydrogen ion concentration
was examined on the Pb(II) and Cu(II) removal effi-
ciencies. The percentage adsorption increases with
increasing the pH of the solution for the studied metal
ions, at lower pH range, the ion mobility of Pb2+ and
Cu2+ ions decreased by increasing hydrogen ion con-
centration. The decrease in the ions mobility may be
explained by an increase in the frictional forces
exerted on the ions due to the change in the nature of
hydrogen bonds in water [54]. As the proton concen-
tration increases, the following water cluster ions are
formed H3O

+, H5O
þ
2 , H7O

þ
3 , H9O

þ
4 , modifying the

structure of water, and, thus the ion–water interaction
[54]. Also, the sorbent takes up the H+ ions from the
solution, hence, the surface becomes positively
charged, which eventually restricts the uptake of Pb2+

Fig. 3. XRD diagrams of Leucaena activated carbon (as-pre-
pared).

Fig. 4. Thermogravimetric analysis (TGA) and differential
thermal analysis (DTA) curves of Leucaena activated carbon
(as-prepared).
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(A) (B)

(C)

Fig. 5. SEM analysis of Leucaena activated carbon sample: (A) Magnitude of 1,000×, (B) magnitude of 2,000×, and (C)
magnitude of 5,000×.
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Fig. 6. Effect of contact time on the removal of Cu2+ and
Pb2+ by activated carbon at agitating rate, 400 rpm;
temperature, 25 ± 1˚C; dp = 0.168 mm; initial metal
concentration, 50 mg/L.
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Fig. 7. Effect of pH on the removal of Cu2+ and Pb2+ by
activated carbon at agitating rate, 400 rpm; temperature,
25 ± 1˚C; dp = 0.168 mm; initial metal concentration,
50 mg/L.
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and Cu2+ ions [54]. Upon increasing the pH, the per-
centage adsorption increased substantially. This
increase was considered to be due to hydrolytic
adsorption of ions [54].

3.2.3. Effect of carbon dose

From the results in Fig. 8, increasing doses of the
adsorbents increased Pb(II) and Cu(II) removal effi-
ciencies. This is expected because more binding sites
for ions are available at higher doses of adsorbents
[53]. The removal efficiencies stay nearly constant for
both metal ions with no significant increase above
0.05 g. Hence, the optimum dose from Leucaena acti-
vated carbon samples was found to be 0.05 g/5 mL
(i.e. 10 g per liter of Pb(II) and Cu(II) solutions).

3.2.4. Distribution and selectivity studies

The distribution coefficient (Kd) of Cu2+ and Pb2+

ions on the activated carbon was determined at
different pH values.

log Kd ¼ Constant þ npH (3)

When log Kd values are plotted against log [H+], a
straight line having slope—n should be obtained.
Fig. 9 and Table 3 showed the pH dependency of Kd

values of Cu2+ and Pb2+ ions. It was found that the
distribution coefficient was increased by increasing
the pH of the solution for the studied metal ions. The

linear relations between log Kd and pH were observed
for Cu2+ and Pb2+ ions with slopes (0.53 and 1.20),
respectively. These slopes were not equal to the
valence of the metal ions sorbed, which proved the
non ideality of the exchange reaction. This variation
may be due to the prominence of a mechanism other
than ion exchange, like precipitation, surface adsorp-
tion, or simultaneous adsorption of anions.

The selectivity order of the investigated cations on
the activated carbon in the same conditions has the
following sequence; Pb2+ > Cu2+.

This sequence is in accordance with the hydrated
ionic radii and the hydration energy of the exchanged
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Fig. 8. Effect of adsorbent dosage on removal of Cu2+ and
Pb2+, agitating rate, 400 rpm; temperature, 25 ± 1˚C;
dp = 0.168 mm; initial metal concentration, 50 mg/L.
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Fig. 9. log Kd of Cu2+ and Pb2+ ions as a function of pH on
the activated carbon at agitating rate, 400 rpm; tempera-
ture, 25 ± 1˚C; dp = 0.168 mm; initial metal concentration,
50 mg/L.

Table 3
Kd values and separation factors αPb/Cu (in parentheses) of
Cu2+ and Pb2+ ions on the activated carbon as a function
of pH at agitating rate, 400 rpm; temperature, 25 ± 1˚C;
initial metal concentration, 50 mg/L

pH

Kd (mL/g)

Pb2+ Cu2+

1.5 2.51 2.39
(1.05)

2.5 26.30 6.76
(3.89)

3.5 398.11 21.87
(18.2)

4.5 6,309.57 79.43
(79.43)
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ions, the ions with smaller hydrated ionic radii and
hydration energy are easily exchanged and moves fas-
ter than that the ion with greater ionic radii (Table 4)
[55–57].

The Kd values and separation factors (α = KdA/KdB,
where A and B are any neighboring pair ions) of Cu2+

and Pb2+ ions at different pH on the activated carbon
samples are summarized in Table 3, it is clear that the
separation factors between Pb2+ and Cu2+ metal ions
are large on the studied activated carbon. From the
above studies, some selective separation is feasible.
Separation of Pb2+–Cu2+ may be taken on the activated
carbon at pH 2.50, 3.50, and 4.50. From these results,
the studied activated carbon can be used for the
recovery of Cu2+ and Pb2+ ions from waste streams.

3.2.5. Adsorption modeling

The values of thermodynamic parameters are rele-
vant for the practical application of adsorption process
[58,59]. Isotherm data related to adsorption of Cu2+

and Pb2+ ions onto the activated carbon at various
temperatures were analyzed to obtain the values of
thermodynamic parameters according to the Van’t
Hoff relation;

ln Kd ¼ DS�

R
� DH�

RT
(4)

where ΔS˚ (J/mol K) is the entropy change, ΔH˚
(kJ/mol) is the enthalpy change, R (8.314 J/mol K) is
the gas constant, and T (˚K) is the absolute
temperature.

It was found that the distribution coefficient (Kd)
of Cu2+ and Pb2+ ions onto the activated carbon
increased with increasing the temperature from 298 to
338˚K (i.e. the distribution coefficient decreased with
increasing 1/T). This trend can be attributed to accel-
eration of some originally slow adsorption steps and
creation of some new active sites on the adsorbent
surfaces [55,57,60]. From the slopes and intercepts of
these straight lines represented in Fig. 10, the enthalpy
change (ΔH˚) and entropy change (ΔS˚) were evalu-
ated and summarized in Table 5.

The positive values of (ΔH˚) indicate the endother-
mic nature of the adsorption process [55–57], while
the positive values of ΔS˚ for Cu2+ and Pb2+ indicate
the increased randomness at the solid–solution
interface during the adsorption of these cations by the
activated carbon.

The free energy change of specific adsorption (ΔG˚
kJ/mol) was calculated using the relation;

DG� ¼ DH� � TDS� (5)

and

DG� ¼ �RT ln Kd (6)

The negative values of the free energy change (ΔG˚),
(Table 5), for the investigated metal ions indicate that
the adsorption process is spontaneous, which means
the preferable adsorption of these cations on the acti-
vated carbon as compared to H+ ion.

Table 4
Kd values of the adsorbed ions on the activated carbon at 25 ± 1˚C

Exchanging ions pH of the metal solutions Kd (mL/g) Ionic radii (Å) Hydration energy

Pb2+ 4.50 6,309.57 1.20 1,480
Cu2+ 79.43 0.72 2,100
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Fig. 10. Van’t Hoff plot of the adsorption of Cu2+ and Pb2+

ions by activated carbon.
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3.3. Fixed-bed experiment

Investigations were conducted to explore suitable
conditions for quantitative loading and adsorption of
Cu2+ and Pb2+ ions in neutral media (pH 4.65) by
chromatographic column procedures at room tempera-
ture (25 ± 1˚C). As far as the breakthrough capacity of
the column is concerned, Fig. 11 shows curves for
Cu2+ and Pb2+ ions (100 mg/L for each) from the acti-
vated carbon column in the feed solutions. Each
breakthrough curve reflects the percent concentrations
of the respective metal ion in the effluent to the feed
solution (C/Co %) vs. effluent volume (V mL) as
shown in Fig. 11.

The values of breakthrough capacity under the
conditions of the experiment can be easily estimated
from Fig. 11 and was calculated and found to be 4.92
and 15.09 mg/g for Cu2+ and Pb2+, respectively
according to the equation;

Breakthrough capacity ¼ Vð50%Þ � Co

m
ðmg=gÞ (7)

where V(50%) is the effluent volume at 50% break-
through (mL), Co is the concentration of feed solution
(mg/L), and m is the amount of the column bed in
(g).

It is of interest to compare the values of capacity
obtained for Pb2+ and Cu2+ ions on Leucaena activated
carbon with that previously reported using other
adsorbent as shown in Table 6.

4. Conclusions

The aim of this work was to explore the possible
use of Leucaena plant wastes, which are agricultural
wastes, as sorbents for the removal of Cu(II) and Pb
(II) from aqueous solutions. The produced activated
carbon was characterized using recent analytical tech-
niques and shows high chemical stability in different

Table 5
Thermodynamic parameters for adsorption of Cu2+ and Pb2+ ions by activated carbon

Metal ions Temp. (˚K) ΔG˚ (kJ/mol) ΔH˚ (kJ/mol) ΔS˚ (J/mol/K)

Cu2+ 298 −11.50 29.41 137.28
318 −14.30 137.48
338 −16.97 137.24

Pb2+ 298 −22.64 57.56 269.14
318 −28.13 269.46
338 −33.38 269.06
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Fig. 11. Break-through curves of Cu+2 and Pb2+ ions uptake
by activated carbon in pH 4.65; temperature, 25 ± 1˚C;
dp = 0.168 mm; initial metal concentration, 100 mg/L.

Table 6
Comparison of capacity values of Pb2+ and Cu2+ ions for
various adsorbent

Adsorbent

Capacity
(mg/g)

Refs.Pb2+ Cu2+

Leucaena activated carbona 15.09 4.92
Rice husk 120.48 31.85 [61]
Sawdust (Oak tree) – 3.60 [62]
Peanut husk 29.14 10.15 [63]
Cassava tuber bark waste – 90.9 [64]
Banana pith – 13.46 [65]
Imperata cylindrica leaf powder 13.50 – [66]
Carrot residues – 32.74 [67]
Bagasse fly ash 2.50 – [68]
Groundnut shells – 7.60 [69]

aThe material under study.
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acid media. The percentage removal of Cu2+ and Pb2+

ions was found to depend on contact time, pH, adsor-
bent dosage, and temperature. The selectivity order of
the investigated cations on the activated carbon was
found to; Pb2+ > Cu2+. The breakthrough capacity for
Cu2+ and Pb2+ was investigated and found to be 4.92
and 15.09 mg/g, respectively. The temperature depen-
dence and thermodynamic results indicate an
endothermic and spontaneous process.
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