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Abstract

The potential of Ehandiagu clay as an adsorbent for the removal of Pb(Il) ions from aqueous solution was
investigated. The purpose of this study is the application of the clay as a cheaper alternative for removal of
Pb(11) from industrial wastewaters. This would help reduce the challenge of the high cost involved in treating
industrial effluents in Nigeria and most developing Nations. The effect of initial metal ion concentration was
studied using batch method at an optimum pH of 5.0 and contact time of 2 hours. The result showed an increase
in adsorption capacity with increase in initial metal ion concentration. In terms of percentage adsorbed, a
decrease was observed with increasing metal ion concentration. The equilibrium isotherm regression parameter
(R2) showed that the Langmuir isotherm (0.9787) gave a better fit than the Freundlich isotherm (0.9298), and
the least been the Dubinin-Radushkevich isotherm (0.8001).The value of the apparent energy of adsorption
(28.87J/mol) obtained from the Dubinin-Radushkevich isotherm indicates a physical adsorption process. The
parameters obtained from the Langmuir and Freundlich isotherm showed that the sorption of Pb(Il) ions on
Ehandiagu clay is a favorable adsorption process. These results indicate the applicability of Ehandiagu clay as
a good and cheap adsorbent for the removal of Pb(11) from aqueous effluents.
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INTRODUCTION the environment. As a result of this problem,
Pollution of the environment with toxic substances, scientists over the world are engage in the search for
especially heavy metals have become one of the most ~ cheaper and more effective alternatives. The batch
serious environmental problem. The reason is adsorption of these heavy metals using low cost
because these heavy metals are known to be highly  agricultural waste and clay materials have been found
toxic at low concentration in water, non- to be effective by many researchers (Horsfall et al.,
biodegradable, and accumulate to certain level which 2004a; Adebowale et al., 2005; Babarinde et al.,
causes different health problems in animals, humans 2006; Igwe and Abia., 2007; Xu et al.,2008 ;Bankar
and aquatic organisms. They are commonly found in et al., 2009; and Liang et al., 2009).

aqueous effluents from paints, batteries, ceramic

glazes, metal products, dye and pigment industries In Enugu state, Nigeria, there is abundant of clay
(Mohammad et al., 2010). Lead for instance is known deposits, which are easily accessible and can be used
to be highly toxic among heavy metals; it can as cheaper alternatives. One of such is Ehandiagu
interfere with enzyme activities and formation of red clay, obtained from Ehandiagu in Nsukka local
blood cells. Lead poisoning in humans causes severe government area of Enugu State. This present
damages to the kidney, nervous system, reproductive communication aims at the application of Ehandiagu
system, liver and brain (Naiya et al., 2009a). The clay as an adsorbent for the removal of Pb(ll) ions
methods used to remove heavy metals ions from from aqueous solution. The clay was used without
aqueous effluents include ion exchange, chemical any treatment in order to keep the process cost low.
precipitation, reverse osmosis, chemical oxidation, The effect of initial metal ion concentration,
membrane separation, solvent extraction and Langmuir, Freundlich and Dubini-Radushkevich
activated carbon adsorption (Volesky and Holan., isotherm were investigated.

1995). These technique are usually expensive,

complicated, time consuming and ineffective, MATERIALS AND METHOD

especially when the concentration of heavy metals in Sample preparation

solution is in the range of 1-100mg/l (volesky B., Ehandiagu clay was obtained from Ehandiagu in
1990). This account for the reason, especially the Nsukka Local Government Area, Enugu State,
high cost why most industrial waste waters in Nigeria Nigeria. The clay was crushed and then passed
undergo little or no treatment before discharge into
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through a mesh sieve of size 100um, oven dried at
100° for 2 hours and kept dry until the time of usage.

Batch Adsorption Experiment

The adsorption experiment was carried out using
batch method. This was done to investigate the effect
of initial metal ion concentration. Several standard
solution of Pb(Il) with concentration ranging from
20-120mg/l were prepared, this was done by
dissolving appropriate amount of Pb(NOs), in de-
ionized water. The pH of the each solution was
adjusted to 5.0 by drop wise addition of 0.1M HNO;
or 0.1M NaOH using a pH meter. 20ml of a given
concentration of Pb(Il) was added to 2g of the clay,
agitated and left for a contact time of 2 hours. At the
end of the given contact time, the solution was
filtered and analyzed for residual metal ion
concentration using Atomic Absorption
Spectrophotometer (AAS) (Buck scientific model
210 VGP). Each experiment was repeated and the
mean value was calculated in order to maintain
quality assurance. The amount of Pb(Il) ion removed

by the clay was calculated using equation (1):
Vic,—Ca)
e @)

The percentage removal was obtained from equation
):
%R=

Co—Ce

x100 o)

o
Where . (mg/g) is the equilibrium adsorption
capacity, C, (mg/l) and C, (mg/l) are the initial and
equilibrium metal concentrations respectively, V
(liters) is the volume of initial Pb(Il) concentration
used and M(g) is the mass of clay used.

RESULTS AND DISCUSSION

Effect of Initial Metal l1on Concentration

The experiment was carried out at a contact time of 2
hours in order to ensure equilibrium was attained. A
pH of 5.0 was maintained in all the solutions as this
pH was found to be the optimum pH for the sorption
of Pb(ll) on Ehandiagu clay in this experiment. The
result for the effect of initial metal ion concentration
is shown in Figure 1. The initial concentration of
metal ions in solution determines the amount of the
ions adsorbed by the adsorbent in the presence of
available active sites. As observed, an increase in
adsorption capacity with increase in initial metal ion
concentration was discovered. This has been reported
to be as a result of higher availability of metal ions
for sorption (Vimala and Das., 2009). There is an
increase in collision between metal ions and the
adsorbent with increasing metal ion concentration. As
a result of higher concentration, a greater driving
force is generated which leads to effective utilization
of active site.

A decrease in the percentage removal of Pb(ll) ion
with increasing initial metal ion concentration was
observed in Figure 2. This is because at lower
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concentrations, almost all the ions were adsorbed
rapidly due to availability of active sites, which
becomes saturated at higher concentrations.
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Figure 1: Effect of initial metal ion concentration on
adsorption, expressed as quantity adsorbed, ge (mg/g)
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Figure 2: Effect of initial metal ion concentration on
adsorption, expressed as percentage removed (%R)

Adsorption Isotherm Models

Adsorption equilibrium is usually established when
the concentration of an adsorbate (Pb ion) in a bulk
solution is in dynamic balance with that of the
adsorbent (clay) interface. The analysis of
equilibrium data helps to develop mathematical
models that could be used for the quantitative
description of the results. The equation parameters
and the underlying assumptions of these equilibrium
models are capable of predicting metal adsorption
and vital information on the mechanism of sorption.
The  Langmuir, Freundlich  and Dubinin-
Radushkevich isotherm were tested in this study.
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Table 1:

Langmuir,

Freundlich and Dubinin-

Radushkevich isotherm parameters for the Sorption B0
of Pb(I1) ion on Ehandiagu clay 200
Langmuir isotherm model
Om B R? o 150
0.4522 0.0996 0.9787 g
Langmuir R, values 8 100
R 0.3342 [ 0.2006 | 0.1435 | 0.1115 [ 0.0912 [ 0.0772 ¢
Co(mg/l) 20 40 60 80 100 120
Freundlich isotherm model 50
1/n n Ke R? ¢
0.2831 35323 | 0.1214 0.9298 0
Dubinin-Radushkevich isotherm model
© Bo EQ/mol) | R? 0 10 20 30 4 50 6 70
0.3737 0.0006 28.87 0.8001

Langmuir Isotherm

The Langmuir isotherm model was used to estimate
the maximum adsorption capacity as a result of
describes a
monolayer sorption unto a surface containing a finite
number of identical binding sites on the adsorbents.
The linearized form of the Langmuir isotherm
equation is given as:

complete monolayer

Ce
Ge

—fe, 1

9m 9mb

coverage. It

®)

Where g is the metal ion concentration on the clay,

C_ is the metal ion concentration in solution at
equilibrium, b represent the Langmuir isotherm
constant and g, is the maximum adsorption capacity
for a complete monolayer coverage. C./g. was plotted

against £, as shown in Figure 3. The constant g, and
b were obtained from the slope and intercept
respectively. The values of the linear regression
equation (R?), gn and b are shown in Table 1. From
the R? value obtained, it showed that the Langmuir
isotherm provided a good fit to the experiment data.
The constant b is related to the affinity between the
adsorbent and adsorbate (Vijayaraghavan et al.,
2005). A low value of b indicates favorable
adsorption. A dimensionless constant equilibrium
parameter R can be used to express an essential
characteristic of the Langmuir isotherm (Mckay et
al., 1982). The R, value indicates the shape of the
isotherm and is given in equation (4):

Re

1
1+b0,

(4)

R, values between O and 1 indicate favorable
adsorption, 0 indicates irreversible adsorption, 1
means linear adsorption while a value greater than 1
indicates an unfavorable adsorption. The values of R
obtained at different initial concentrations Co, are
shown in Table 1. All the values lie between 0 and 1
which shows that the adsorption of Pb(ll) on
Ehandiagu clay is a favorable adsorption process.
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Figure 3: Langmuir isotherm for the sorption of
Pb(Il) ion on Ehandiagu clay, (initial concentration,
20-120mg/l, pH 5.0, temperature 301K, contact time
2hrs).

Freundlich Isotherm

The Freundlich isotherm was applied to deduce the
adsorption intensity of the adsorbent towards the
adsorbate .Unlike Langmuir isotherm the Freundlich
isotherm assumes that the removal of metal ions
occurs on a heterogeneous surface, involving a
multilayer adsorption of metal ions. The linearized
form of the Freundlich isotherm equation is express
as:

Inge :%Ince +Inks (5)

ks and n are the Freundlich constants, describing the
adsorption capacity and intensity respectively. The
plot of Inge against InC, is shown in Figure 4. The
constants n and k¢ were obtained from the slope and
the intercept respectively. Table 1 shows the
Freundlich isotherm parameters. R? values obtained
clearly suggest the applicability of the Freundlich
adsorption isotherm. Although there is no theoretical
backing the Freundlich equation frequently gives an
appropriate description of adsorption over a restricted
range of concentration (Igwe and Abia, 2007). When
the value of n lies between 1 and O it represents
beneficial adsorption (Kadirvelu and Namasivayam,
2000). The value of n obtained is 3.53 which indicate
a beneficial adsorption process. If the values 1/n is
less than unity, it indicates that significant adsorption
takes place at low concentration, but as concentration
increase the amount adsorbed becomes less
significant (Hsisheng and Chien-To, 1998). The value
of 1/n obtained is less than unity which agrees with
our result in Figure 2, where a decrease in percentage
adsorbed with increase in concentration was
observed.
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Figure 4: Freundlich isotherm for the sorption of
Pb(Il) ion on Ehandiagu clay (initial concentration
20-120mg/l, pH 5.0, temperature,301K, contact
time,2hrs)

Dubinin-Radushkevich Isotherm
This isotherm was applied to the experimental data,
in order to investigate the characteristics porosity of
the biomass and the apparent energy of adsorption.
The linearized Dubinin-Radushkevich isotherm is
express in equation (6):

Inge =Ingp 2BpRTIN(1+1/Ce) 6)
The apparent energy of adsorption from the isotherm
was calculated from equation (7):

_ 1
(zBD)L2

@

Where gp is the Dubinin-Radushkevich isotherm
constant, related to adsorption capacity of the
adsorbent, Bp, represents free energy of sorption, T is
the temperature in Kelvin and R, ideal gas constant.
Inge was plotted against RTIn(1+1/Ce) and the
constants Bp and qp were deduced from the slope
and intercept. The Dubinin-Radushkevich isotherm
parameters are shown in Table 1.

The value of the regression (R?) obtained showed that
this model provided a fairly good fit to the
experimental data compared to the Langmuir and
Freundlich isotherm. The low value of the apparent
energy of adsorption (28.87Jmol™) clearly shows a
physical adsorption process. Chemisorptions usually
involves a high energy of adsorption greater than
50KJmol™. Using biomass materials other researchers
reported similar results (Horsfall et al, 2004; Igwe
and Abia, 2007).
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Figure 5: Dubinin-Radushkevich isotherm for the
sorption of Pb(Il) ion on Ehandiagu clay (initial
concentration 20-120mg/l, pH 5.0, temperature 301k,
contact time 2hrs.

CONCLUSION

Ehandiagu clay was found to be a good and cheap
adsorbent for the removal of Pb(ll) ions from
aqueous solution. The batch experiment showed an
increase in adsorption capacity with increase in
concentration of metal ion, but a decrease in
percentage adsorbed with increasing concentration
was recorded. Langmuir and Freundlich isotherm
gave a better fit to the experimental data than the
Dubinin-Radushkevich isotherm. The value of the
apparent energy, E, of adsorption obtained from the
Dubinin-Radushkevich isotherm indicated a physical
adsorption process. The clay can then be used as a
cheaper alternative for the removal of Pb(ll) ion from
industrial effluents in Nigeria and most developing
Nations.
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