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Abstract: Batch adsorption studies were conducted to determine the extent and nature of adsorption of Ni(ll), Cu(ll) and
Cd(ll) ions from aqueous solutions onto JatrophacurcasSeed pod. The effects of pH, initial metal ion concentration and
presence of co-ions were studied. Results showed that the adsorption process was dependent on pH, having optimum pH for
adsorption of Ni(ll) at 7.0 and with maximum amount adsorbed as 9.23 mg/g. That of Cu(ll) occurred at pH 8.0 with maximum
amount adsorbed as 9.65 mg/g while for Cd(ll), the pH for optimum adsorption occurred at pH 6.0 with maximum amount of
9.99 mg/g adsorbed. Evaluation of percentage removal shows that the percentage of Ni(ll), Cu(ll) and Cd(ll) adsorbed at their
optimum pH corresponded to 92.30%, 96.50% and 99.90% respectively. Increasing the initial concentration of the metal ions
was also found to increase the adsorption capacity for the metal ions by the adsorbent. The experimental data were interpreted
using three isotherm models viz; the Langmuir, Freundlich and Dubinin-RadushKevich isotherms. Results showed that the
Freundlich isotherm provided the best fit to the experimental adsorption data. The mean free energy values, E (which ranged
from 1.343 to 2.275 kJ mol™) calculated from the Dubinin-RadushKevich (D-R) isotherm equation suggests weak interaction
between the metal ions and the adsorbent, thus revealing that the mode of the adsorption process follows physisorption.
Assessment of competitive adsorption of the metal ions from mixed metal ions solutions shows that the presence of foreign
ions in the solution diminished the adsorption density of the metal ion under consideration. The results generally showed that
the order of adsorption of the metal ions onto the biosorbent follows the trend Cd(1l) > Cu(1l) > Ni(1l).
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the numerous adverse effects their presence cause. Some of
the heavy metals have great affinity for Sulphur and attacks
Sulphur bonds in enzymes making them immobilized. They
also bind to cell membranes and affect the transport process
through the cell wall. Mercury (II), Cadmium (II) and Lead
(IT) ions have been found to be effective enzyme inhibitors.
Adenosine triphosphate, carbonic anhydrate, cytochrome
oxidase are some of the key enzymes which help in the
synthesis of hormones and are been inhibited by the presence
of lead (II) ion [5]. Mercury in the form of methyl mercury is
the most toxic species. It causes energy deficiency in the
brain cells and disorders in the transmission of nerve impulse
[5]. In view of the above facts, it is important to prevent
water pollution due to heavy metals. Research is currently
been focused on development of suitable technologies to
either prevent heavy metals pollution or reduce their

1. Introduction

Heavy metals have been excessively released into the
environment due to rapid industrialization and have created a
global concern. Copper, lead, zinc, cadmium, nickel, mercury
and chromium are often detected in industrial wastewaters
which originate from metal plating, mining activities,
smelting, battery manufacturing, tanneries, petroleum
refining, paint manufacturing, pesticides, pigment
manufacturing, printing and photographic industries [1-4].
Unlike organic wastes which are biodegradable, most of the
heavy metals are non-biodegradable and can accumulate in
living tissues, causing various diseases and disorders. It is
therefore imperative to treat heavy metal contents in
wastewaters before discharge into water bodies because of
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concentrations to very low level. This can be achieved either
by decreasing the influx of heavy metals to the receiving
water bodies (rives, lakes, dams etc.) or by removing them
from contaminates media. If heavy metal pollution arises
from anthropogenic activities, then it can be prevented but if
it is of natural origin then it is unavoidable.

Some of the conventional methods that have been applied
for removing heavy metals from wastewater include: ion
exchange, chemical precipitation, reverse osmosis,
evaporation and membrane filtration. Most of these methods
suffer from some drawbacks such as high capital and
operational cost, and difficulty in the disposal of the residual
metal sludge and as a result make the applications of these
techniques unsuitable for small scale industries [6]. Beside
the aforementioned drawbacks, these conventional methods
have inadequate efficiencies when low concentrations of the
metal ions are involved, particularly in the range of I-
100mg/L [7, 8]. Adsorption has proven a more promising and
efficient method for heavy metal removal from aqueous
solutions and is found suitable even when the ions are present
in concentration as low as 1 mg/L [9, 10].

Research interests into the production of cheaper
adsorbents to replace costly wastewater treatment methods
are now attracting attention of scientists [11-13]. An
adsorbent can be considered as cheap or low cost if it is
abundant in nature, requires little processing and is a by-
product of waste material from industry. Plant wastes are
inexpensive as they have little or no economic values and
therefore meet these requirements.

The present research work is concerned with the
evaluation of the potential of Jatropha curcas seed pod as
adsorbent for the removal of cadmium(ll), copper(ll) and
nickel(ll) ions from aqueous solution. In this study, the
effects of some major parameters affecting adsorption such
as pH, initial metal ion concentration and presence of co-ions
were investigated and experimental data were interpreted
using different adsorption isotherm models.

2. Materials and Methods
2.1. Preparation of the Adsorbent

The Jatropha curcas seed pod used as adsorbent in the
present study was obtained from Umuariaga community in
Ikwuano, Abia State. The fruits were harvested from the
plant stems. The pods were obtained from the seeds and were
washed copiously with water to remove impurities. They
were sun dried for six days and later oven dried at 90°C for 2
h and then blended using grain mill blender and sieved to
obtain a particle size of 80 um, which were kept for the
adsorption study.

The adsorbents were activated by soaking them in a 0.3M
HNO; solution, stirred for 30 min and then kept undisturbed
for 24 h at a temperature of 30°C. They were filtered and air
dried. The adsorbents were finally oven-dried at 105°C for 6
h and then stored in different vesselsin readiness for the
adsorption study. The activation of the adsorbent aids in
opening up the micropores of the adsorbent, which is

expected to enhance the surface performance of the
biosorbent.

2.2. Preparation of Heavy Metal Solutions

Stock solutions of 1000 mg/L of each of the metal ions
Cd(11), Cu(ll) and Ni(1l) used for the adsorption study were
prepared from the salt of the individual ions namely;
cadmium(ll) chloride, copper(ll) chloride and nickel(ll)
sulphate respectively. From the stock solutions, various
working concentrations of 10 mg/L, 20 mg/L, 30 mg/L, 40
mg L'and 50 mg/L of each of the metal ions were prepared
by serial dilution. Equilibrium adsorption of the metal ions
onto the biosorbent was studied as a function of pH, initial
metal ion concentration and presence of co-ions.

The effect of pH on adsorption of the metal ions was
studied by varying the pH of the metal solution using 0.1M
solutions of HC land NaOH to adjust the pH to the required
pH and pH values of 2.0, 4.0, 6.0, and 8.0 were obtained.
Exactly 25cm’ portions of 50mg L™of each of the metal ion
solutionswere introduced into different 100 cm’Erlenmeyer
flasks containing 0.125 g of the biosorbent of particle size 80
pum. The mixtures were shaken intermittently in a
thermostated mechanical shaker maintained at 30°C for 2 h
and then filtered. The residual metal ion concentration of
each filtrate was finally determined by atomic absorption
spectrophotometer AAS (Unicam model 966).

The effect of initial metal ion concentration on equilibrium
adsorption of the Cu(ll), Ni(ll) and Cd(ll) ions by the
Jatropha curcas seed pod was carried out by introducing
25cm’ of various concentrations (10 mg L™, 20 mg/L, 30
mg/L, 40 mg/L and 50 mg/L) of the metal ions into different
100 cm’Erlenmeyer flasks containing 0.125 g of the
adsorbent of particle size 80 um. The flasks were shaken for
2 h in a thermostated mechanical shaker maintained at a
temperature of 30°C and at a pH 6.0. At the end of the
contact time (2 h), the mixtures were filtered rapidly into
separate sample bottles. The residual metal ion concentration
in the filtrate was determined using atomic absorption
spectrophotometer. Concentration of blank solution (without
adsorbent) was also measured.

Generally, the described procedure for each parameter was
carried out in triplicates and mean residual concentration
taken. The amount adsorbed (mg/g) and percentage
adsorption were both calculated from the average residual
metal ions concentration in solution.

The experiment was also performed to determine the effect
of presence of co-ions on the adsorptive capacity of the
adsorbent for the metal ion under consideration. In the
present study, the influence of Ni(ll) and Cd(ll) on the
adsorption of Cu(ll) ions was investigated. The experiment
was carried out in a mixed metal ions system in which 75cm’
of mixture of metal ions solutions (i.e. 25¢cm’ each of the
Ni(1l), Cu(ll) and Cd(ll) were measured into 250cm’ conical
flask and the pH of the solution adjusted to 6. Thereafter,
0.375 g of the adsorbent of particle size 80 pm was added to
it and the mixture agitated at 30°C in a thermostated
mechanical shaker for 2 h.
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The same procedure was repeated to evaluate competitive
effect of adsorption of binary mixtures of the metal ions by
combining two metal ions of equal molar concentration (i.e.
25 cm’of 50 mg L™'of each of the metal ions) and adding 0.25
g of the adsorbent. After shaking for 2 h, the content of each
flask was filtered and the filtrate collected into sample
bottles. The equilibrium concentrations ofCu(ll) as a single
metal ion after adsorption and in the presence ofco-ions were
determined using AAS.

3. Results and Discussion

3.1. Effect of pH on Adsorption of the Metal Ions by the
Adsorbent

The pH of a solution is one of the most important variable
factors governing metal ion adsorption. This is because the
pH of a solution affects both the surface binding sites of the
adsorbent and the solution chemistry. Figure 1 shows the
plots of amount of metal ions adsorbed onto the Jatropha
curcas seed pod as a function of pH.

From Figure 1, it could be seen that the amount of metal
ions adsorbed by Jatropha curcas seed pod increased as the
initial pH of the solution increased from 2-8. Maximum
amount of 9.99 mg/g (corresponding to 99.90% removal) was
obtained at pH 6 for Cd(I) ion. That of Cu(ll) has its
maximum amount adsorbed as 9.65 mg/g (corresponding to
96.50% removal) at a pH 8.0 while optimum pH for
adsorption of Ni(ll) occurred at pH 7 and with maximum
amount adsorbed as 9.23 mg/g corresponding to 92.30%
removal. The increase in the amount of metal ions adsorbed
with pH is attributed to the fact that decreasing solution pH
increases H'concentration in solution, which may compete
with the metal ions for active sites on the adsorbent surface
and will consequently cause a decrease in the adsorption

capacity of the adsorbent for the metal ions under study. The
trend of adsorption of the metal ions by the adsorbent at their
optimum pH follows: Cd(1l) > Cu(ll) > Ni(ll), indicating that
the adsorbent has high affinity for cadmium(ll) ions.

The degree of adsorption of metal ions usually depend on
such factors as ionic radii of the metal ions, their hydration
energies and nature of salt of the anion of the metal under
study. The trend of adsorption of the metal ions in this study
may have depended on the ionic radii of the metal ions and
the stability of the aquo ion complex formed during the
adsorption process. Since the dynamics of an adsorption
process is dependent on the ease of displacement of water
molecules from aquo ion complex, the stability of the aquo
ion complex may therefore play a vital role in the adsorption
process. The ionic radius and hydration energy of
cadmium(1l) ions are 0.97 A and -1806 kJ mol™ respectively
while Cu(ll) and Ni(ll) ions have ionic radii and hydration
energies as 0.73 A, -2279.7 kJ mol'and 0.72 A,-2983 kJ mol
! respectively. The stability of aquo ion complex of metal
ions has been observed to depend on their hydration energies,
which is further observed to be dependent on the size of the
ions [14, 15]. Tons with a relative large size (having low
hydration energies) will attach less strongly to the water
molecules than those with smaller size (and of course
relatively high hydration energy). This idea could have led to
a better anchorage of the Cd(Il) ions onto the binding sites
than the other metal ions. It could therefore be suggested that
an ion with a large size may interact with the active sites on
the adsorbent surface much more easily than those with
smaller sizes because of ease of displacement of water
molecules from the aquo ion complex during anchorage. This
idea may have contributed to the greater removal of Cd(ll)
ions from solution as against Cu(ll) and Ni(ll) ions.
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Figure 1. Variation of amount adsorbed with pH for the adsorption of Ni(ll), Cu(ll) and Cd(ll) ions onto Jatropha curcas seed pod.

3.2. Effect of Initial Metal ion Concentration on the
Adsorption Process

The determination of the effect of initial concentration on
the adsorption of metal ions is important as it affords the
metal ions sufficient driving force required to surmount all

mass transfer resistance between the aqueous and solid
phases. A high initial concentration of metal ions will be
expected to enhance an adsorption process. The plots of
amount of Ni(II), Cu(Il) and Cd(II) ions adsorbed as a
function of initial metal ion concentration by the adsorbent,
Jatropha curcas seed pod are shown in figure 2 while figure 3
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shows the plots of percentage adsorption of the metal ions as
a function of initial metal ion concentration. From Figure 2, it
could be seen that the amount of metal ions adsorbed
increased as the initial concentration increased from 10 mg L~
"to 50 mg L. Examination of the plots in figure 3 shows
that the percentage of metal ions adsorbed increased first
upto initial concentration of 20 mg/L and then decreased
progressively as the initial concentrations of the metals ions
increased above 20 mg L. This decrease in percentage
adsorption with increasing metal ion concentration could
attributed to the fact that at lower metal ion concentrations,
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almost or greater part of the ions are adsorbed by the
adsorbent but as the initial concentration increased (at a
given mass of the adsorbent), most of the metal ions are left
unadsorbed due to saturation of the available binding sites
and this consequently leads to a decrease in percentage
metalion adsorbed. The results generally showed that the
affinity of the Jatropha curcas for the metal ions followed the
trend: Cd(II) > Cu(Il) > Ni(Il) ions, indicating that the
adsorbent has a high affinity for Cd(ll) in preference to Cu(ll)
and Ni(1l) ions.
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Figure 2. Variation of amount adsorbed with initial metal ion concentration for the adsorption of Ni(Il), Cu(Il) and Cd(Il) ions onto Jatrophacurcas seed pod.
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Figure 3. Variation of percentage metal adsorption with initial metal ion concentration for the adsorption of Ni(ll), Cu(ll) and Cd(Il) ions onto

Jatrophacurcas seed pod.
3.3. Adsorption Isotherms

An adsorption isotherm presents a distinct picture of
equilibrium distribution of adsorbates between the liquid and
the solid (adsorbent) phases at a given temperature. Each
adsorption isotherm is characterized by certain constant
values, which aid in the explanation of the surface properties
and affinity of the adsorbates for the adsorbents. Three
different isotherm models were applied to the adsorption
study in order to assess their correlation with the
experimental data and these include: Langmuir, Freundlich

and Dubinin-Radushkevich isotherm models.

3.3.1. The Langmuir Adsorption Isotherm

The Langmuir Isotherm assumes that adsorption is only
restricted to monolayer coverage and that there are no lateral
interactions between the adjacent adsorbed molecules.

The linearized Langmuir isotherm equation is expressed
as:

Ce_ 1, G
de AmaxKi

()

dmax
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Whereq, is the equilibrium adsorption capacity (mg/g),
Qmax 18 maximum adsorption upon complete saturation of the
adsorbent, C, isresidual (equilibrium) concentration of the
metal ions after adsorption (mg/L), while K; is the Langmuir
constant relating to the adsorption/desorption energy. The
experimental data were fitted into equation (1) by plotting
C./q.versus C,. The linear plots obtained are shown in Figure
4. From the slopes and intercepts of the linear plots, the
Langmuir isotherm parameters,,,q,and K; were calculated
and presented in Table 1.

From Table 1, it could be seen that g,,,, values obtained for
adsorption of the metal ions onto the Jatropha curcas seed pod
followed the trend Cd(IT) > Cu(IT) > Ni(II) ions. The Langmuir
constant, K;, which is related to the apparent energy of
adsorption followed the same trend i.e., Cd(Il) > Cu(ll) >
Ni(ll), revealing further that the adsorbent showed better
removal for Cd(II) than Cu(II) and Ni(Il) ions. Hanet al. [16]
had stated that a high K; value indicates a high adsorption
intensity for the metal ions onto the adsorbent. The correlation
coefficients (R” values) obtained from the Langmuir plots in

R? =0.8392

this study ranged from 0.8392 to 0.9667 (Table 1) indicating
that the adsorption data fitted well into the Langmuir Isotherm.
The dimensionless equilibrium parameter (separation factor),
Rp which explains the favourability of the adsorption systems
was evaluated using equation (2):

R, = — @)

1+K1.Co

Where C, is the initial concentration of the metal ions in
solution (mg/L). Other parameters have their usual meanings.

In using the dimensionless equilibrium parameter, Ry for
assessment of suitability of Langmuir Isotherm, the isotherm
is described as: unfavorable when Ry > 1, linear when R} =
1, favourable when 0 < R; < 1 and irreversible when R; = 0.
The Ry values obtained for the adsorption of the three metal
ions by Jatropha curcas in the present study were all less than
unity (Table 1) for all the initial concentrations studied,
indicating that the isotherm was favourable under the
conditions of the present study.

1.2 Cu(ll): y = 0.0629x + 0.227
Ni(ll): y = 0.0833x + 0.3477
1 R? = 0.9667
Cd(ll): y = 0.0587x + 0.1252

R? =0.9275

0.8
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Figure 4. The Langmuir isotherm plot for adsorption of Ni(ll), Cu(ll) and Cd(Il) ions onto Jatropha curcas seed pod.

Table 1. Langmuir Isotherm Parameters.

Parameters Diebnling

Ni(ll) Cu(ll) Cd(l)
Qmax(Mg/g) 12.00 15.90 17.04
K, (L//g) 0.2397 0.2771 0.4687
Ryvalues
at 10 mgL™! 0.2943 0.2652 0.1758
20 mgL™! 0.1726 0.1529 0.0964
30 mgL™! 0.1221 0.1074 0.0664
40 mgL! 0.0944 0.0828 0.0506
50 mgL"! 0.0770 0.0673 0.0401
R? 0.9667 0.8392 0.9275

3.3.2. The Freundlich Adsorption Isotherm

This is commonly used to describe the adsorption
characteristics on heterogeneous surfaces [17]. The linearized
Freundlich equation is expressed as equation (3):

Ing.= InKp+—InC, 3)

Where q, is the equilibrium adsorption capacity (mg/g), C,
is theresidual (equilibrium) concentration of metal ions in
solution after adsorption (mg/L), Kz and n are Freundlich
constants which are characteristic of the sorbent-sorbate

system. The value of n indicates the affinity of the metal ions
towards the adsorbent while the constant K gives an
approximate indicator of the adsorption capacity. Also, the

value of % gives an insight into the strength of adsorption in
the adsorption process [18]. If the value of % is below one, it

. . . 1 . .
indicates a normal adsorption and ;Value above one indicates

cooperative adsorption [19]. Generally, if n values lie
between one and ten, then it indicates a favourable adsorption
process while n= 1 shows that the partition between the two
phases are independent of the concentration.

A plot of In q, versus In C, gave straight lines showing the
correlation of the Freundlich adsorption isotherm to the
experimental adsorption data and the plots are shown in
Figure 5. The Freundlich parameters, n and Krwere evaluated
from the slope and intercept of the linear plots and are
presented in Table 2. From table 2, n-values were found to
range from 1.3959 to 1.6683, indicating favourable
adsorption for the process under consideration. The linear
correlation coefficients (R® values) which ranged from
0.9506 to 0.9793 indicate that the Freundlich Isotherm
provided the best fit for the equilibrium adsorption data.

The trend of K values followed Cd(IT) > Cu(IT) > Ni(II),
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suggesting that Jatropha curcas adsorbent has greater affinity

82

for Cd(IT) ions than Cu(II) and Ni(II) ions.

Ni(ll):y = 0.5994x + 0.8778 2.5
R2=0.9677 m
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Figure 5. The Freundlich isotherm plots for adsorption of Ni(1l), Cu(ll) and Cd(1l) ions onto Jatropha curcas seed pod.

Table 2. FreundlichlsothermParameters.

physical or chemical adsorption. The mean free energy, E per
mole of the metal ion solutions as the metal ions are removed

Parameters Dctaliiony from solutions onto the adsorbent phase from infinite
Nid Cu(ll Cadh distance in the solution is computed by the relation:

Ky 2.4056 3.3009 51572 p y :

n 1.6683 1.3959 1.4162 1

R’ 0.9677 0.9506 0.9793 E= 8T (6)

3.3.3. The Dubinin-Radush Kevich Isotherm Model

The Dubinin-Radushkevich(D-R) isotherm is generally
applied to express the adsorption mechanism with a Gaussian
energy distribution onto a heterogeneous surface [20]. The
linearized D-R isotherm model is expressed as equation (4):

“

Where q, is the amount of metal ions adsorbed at
equilibrium (mg/g), qp isthe theoretical isotherm saturation
capacity (mg/g),Bis a constant relating to the mean free
energy of adsorption (mol*/kJ?) while ¢ is called the Polanyi
potential, which is related to the equilibrium concentration as
expressed in equation (5).

Ing, =Inqp _ﬁpgz

e =RT In (1+1/C,) )

R in eqn. (5) is the molar gas constant (8.314 J/mol/K), T
is the study temperature (K) while C, is the equilibrium
concentration of the metal ions (mg/L). The D-R isotherm is
applied here to assess the mode of adsorption, i.e., whether

2.5

Ni(ll): y = -0.2774x + 1.8917

The Dubinin-Radushkevich (D-R) plots are shown in
figure 6. The constantsq, and 8 were determined from the
intercepts and slopes of the linear plots and their values
presented in Table 3. The magnitude of E gives an idea of the
nature of the adsorption process. With E values in the range
1-8 kJ/mol, it shows that physisorption is the predominant
mode of adsorption while values in the range of 9-16 kJ/mol,
show chemical adsorption [21-23]. From table 3, the mean
free energy values E, for the adsorption process ranged from
1.343-2.275 kJ mol’, implying that physical adsorption
(physisorption) may play a major role in the adsorption
process.

Table 3. Dubinin-Radushkevichlsotherm Parameters.

Parameters Metallions
Ni(ll) Cu(ll) cd(n
B (mol*/kJ?) 2.774 X 107 2.193 X 107 9.66 X 10°
qm (mg/g) 6.631 8.113 8.229
E (kJ/mol) 1.343 1.510 2275
R? 0.8705 0.9466 0.9011

Cu(ll): y =-0.2193x + 2.0935 Cd(ll): y = -0.0966x + 2.1076

R? =0.8705 R? =0.9466 R?=0.9011
||
\ 7
2
1.5
* |
Q 1 .
= @ Ni(ll) WCu(ll) AcCd(ll)
£
0.5
0
0 2 4 6 8 10 12 14 16 18
£?2 X 10°

Figure 6. The Dubinin-Radushkevich isotherm plots for adsorption of Ni(1l), Cu(Il) and Cd(1l) ions onto Jatropha curcas seed pod adsorbent.
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3.4. Effect of Co-ions on Adsorption of the Metal Ions

The study on effect of co-ions on the adsorption process
becomes more relevant when the selective adsorption of the
metal ions occurs from an aqueous system. Since the
pollution of the environment with toxic metals results from
some human (anthropogenic) activities such as mining and
metallurgy, battery manufacturing, paints industries etc., it
means that effluents from these processes would carry
varying mixtures of metal ions. Investigation into the
competitive adsorption of the metal ions Ni(ll), Cd(ll) and
Cu(ll) in a mixed metal ion system was carried out to assess
the adsorption behaviour of these metal ions in an industrial
effluents.

Figure 7 shows the variation of amount of Cu(ll) ions
adsorbed as a single metal ion, as a binary mixture and as a

95

94
93
92
91
A m
89

Cu alone Cu-Cd

mixture of the three ions i.e., Cd(ll), Cu(ll) and Ni(ll). From
the plots, it is observed that the presence of Ni(ll) and Cd(ll)
as binary mixtures with Cu(Il) depressed or inhibited the
adsorption density of the Cu(ll) ions under consideration.
Maximum inhibition of the Cu(ll) adsorption was found in its
combination with Cd(ll) ion as a binary mixture. This reveals
that Cd(1l) strongly competed with Cu(ll) ion for the active
sites of the Jatropha curcas seed pod. These results show that
in the adsorption of metal ions from a mixed metal ions
systems, there are bound to be competition of the metal ions
for active sites on the adsorbent surface and the ability of a
particular metal ion to approach the active site faster may
depend on such factors as ionic radii, hydration energies and
nature of the salt of the anions which greatly affect the
solubility of the salt.

Cu-Ni

Cu in presence of all

Figure 7. The influence of co-ions Ni(ll) and Cd(ll) on adsorption of Cu(ll) onto Jatropha curcas seed pod.

4. Conclusion

The impact of heavy metal contamination and pollution on
the environment must be controlled for an environmental-
friendly habitation. There is therefore a need for the
treatment and removal of heavy metals from solutions and
industrial effluents.

In the present research work, Jatropha curcas seed pod was
used as an adsorbent to remove Ni(ll), Cu(ll) and Cd(ll) ions
from aqueous solution. The effects of pH, initial metal ion
concentration and presence of co-ions were investigated. The
adsorption of the metal ions was found to be pH dependent
with optimum pH for adsorption of Ni(ll) occurring at pH
7.0, that of Cu(ll) at 8.0 and Cd(ll) at pH 6.0. Increasing
initial concentrations (10 mg/L — 50 mg/L) of the metal ions
was found to increase the adsorption capacity of the
adsorbent for the metal ions. The experimental data were
interpreted using three isotherm models viz; the Langmuir,
Freundlich and Dubinin-Radushkevich isotherms and the
experimental equilibrium data were best fitted by the
Freundlich isotherm. The mean free energy values of
adsorption, E calculated from Dubinin-Radushkevich
isotherm plots suggest that the adsorption process followed

physical adsorption. Competitive adsorption of the metal ions
from the synthetic wastewater (i.e., mixture of the metal ions)
reveals that the presence of foreign ions in solution
diminished the adsorption density of the metal ions under
consideration. Results generally showed that the adsorption
of the metal ions by the adsorbent, Jatropha curcas seed pod
followed the trend: Cd(1l) > Cu(ll) > Ni(ll) ions, indicating a
higher affinity for Cd(ll) than the other metal ions by the
adsorbent.
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