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Abstract: The purpose of this work was to evaluate the adsorption potential of Capsicum
annuum seeds, in a batch system for the removal of lead(Il) ions from aqueous solutions.
The experimental results showed that this agricultural by-product was effective in
removing lead(Il) ions. The FT-IR analysis indicated that the mechanism involved in
adsorption of lead(Il) ions by seeds of C. annuum was mainly attributed to lead(Il)
binding of amino and hydroxyl groups. Adsorption equilibrium approached within
40 min. The adsorption data fitted well to the Langmuir isotherm model. The maximum
adsorption capacity (gmax) was 1.87 x 10~ mol gfl. Pseudo-second-order kinetic
model was applicable to all the adsorption data over the entire time range. The thermodyn-
amic parameters indicated that the adsorption process is spontaneous since Gibbs free
energy values are negative, which are between —26.92 and —30.77 kJ mol " at the temp-
erature range of 20—50°C.
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INTRODUCTION

The release of hazardous substances such as heavy metals and dyes into
receiving waters cause a big concern from the environmental point of view.
Their removal is one of the important issues in many industrialized
countries due to their toxic properties such as being mutagenic and carcino-
genic (1, 2). For instance, acute lead poisoning can affect the gastrointestinal
tract and the nervous system (3). As a result, many methods have been
developed and used for this purpose. These involve a combination of
physical and chemical processes such as chemical precipitation, adsorption,
ultrafiltration, color irradiation, membrane filtration, ion-exchange, and
coagulation. However, their use is restricted because of incomplete
removal, low selectivity, high cost, and energy consumption (4, 5).

In recent years considerable attention has been focused on the use of
biological materials and their byproducts as adsorbent agent for the removal
of heavy metals and organic pollutants from contaminated aqueous
solutions. This is because they carry a wide range of adsorption sites such
as carboxyl, hydroxyl, amino, sulphydryl, and phosphates groups over their
surfaces to biosorp hazardous materials through ion-exchange, complexation,
and adsorption. Moreover, they can be cheaply and easily produced in
considerably substantial quantities (6, 7). These make them an attractive
alternative adsorbent over commonly used adsorbing materials such as
activated carbon, which is costly to use for the removal of such dangerous
chemicals from polluted industrial wastes (8).

Researchers have reported many biological materials for lead(Il) ions
removal. These include Cephalosporium aphidicola (9), Neurospora crassa
(10), Botrytis cinerea (11), Aspergillus niger (12), Rhizopus arrhizus (13),
Mucor rouxii (14), Marine-algae (15), Pinus sylvestris (16), tree fern (17),
crop milling waste (black gram husk) (18), Phellinus badius (19), and apple
residues (20). One of these materials, which is called Capsicum annuum
seeds, produced as by-product from sauce production industry. In a recent
study, we reported about the ability of C. annuum seeds to biosorp
copper(Il) ions from aqueous solutions (21).

In this study, the removal of lead(II) ions, present in an aqueous solution,
using C. annuum seeds as the adsorbent agent was investigated. Lead is a very
toxic metal and released into water and land-based environment through
automobiles and battery manufacturers and may reach high concentration,
especially near the discharge site. The effects exerted on ecosystems vary
enormously and are of great economic and environmental importance (22).
The influence of experimental parameters on the adsorption process, such as
pH, contact time, initial lead(Il) concentration, and temperature has been
examined. Two adsorption isotherm models, the Langmuir and Freundlich,
have been used to determine the best-fitting isotherm model for the exper-
imental data. The kinetics and thermodynamic parameters for the adsorption
of lead(Il) ions onto C. annuum seeds were also investigated.
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MATERIALS AND METHODS
Adsorbent Preparation

The C. annuum seeds used in this study were purchased from a local market.
The seeds were separated, extensively washed with deionized water, and then
dried at 80°C in an oven. This was followed by crushing and sieving the dried
adsorbent to select the particle size of 300 wm by using ASTM standard sieve
and stored in a desiccator for further use.

Lead(II) Solutions

A stock solution of lead(II) was prepared by dissolving an accurate quantity of
Pb(NOs), in deionized water. Other concentrations varied between 75 and
300 mg dm > were prepared from stock solution by dilution. The pH of the
working solutions was adjusted to desired values by the addition of either
0.1 M HNOj3 or 0.1 M NaOH solutions. Fresh dilutions were prepared and
used for each experiment. All chemicals were of analytical grade.

Adsorption Experiments

Adsorption experiments were performed at different pH values, adsorbent
feeds, initial lead(Il) concentrations, and various temperatures. The batch
experiments were carried out in a beaker (100 cm ) closed with parafilm
to avoid evaporation at an agitation speed of 200 rpm on a magnetic stirrer.

Firstly, the effect of the solutions pH on the adsorption capacity of lead(II)
ions onto C. annuum by-product was examined by equilibrating the adsorption
mixture with dried adsorbent (0.1 g) and 50 cm > of 100 mg dm™3 lead(II)
solution, adjusting the pH value between 1 and 5.5. The effect of adsorbent
concentration on lead(II) adsorption was also determined using adsorbent
samples ranging from 0.4 to 6.0gdm > at 50cm > of 100 mgdm >
lead(Il) solution and pH of 5.0 for 1 h at 20°C. Then, the binding capacity
of the adsorbent was assessed, varying the lead(Il) concentration within the
range of 75-300 mg dm ™. The optimum pH and adsorbent concentrations
were determined as 5.0 and 4.0 g dm >, respectively and used throughout
all adsorption experiments. When the adsorption procedure was completed,
the solutions were centrifuged at 4500 rpm for 2 min and the supernatants
were then analyzed for residual lead(Il) ion concentrations.

Finally, kinetic experiments were carried out as follows: a constant adsorbent
concentration of 4.0 g dm > was taken and mixed with 100 mg dm > lead(II)
solution at various time intervals between 10 and 90 minutes and temperatures
of 20, 30, 40, and 50°C. The remaining concentration of lead(Il) ions was
determined as described above.
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Analytical Methods

The final lead(I) concentrations of the solutions were analyzed using an
atomic absorption spectrophotometer (Hitachi 180-70, Japan) with an air-
acetylene flame. Deuterium background correction was used. Infrared
spectra of dried and lead(Il) loaded C. annuum seeds prepared as KBr discs
were recorded in a Bruker Tensor 27 infrared spectrophotometer.

RESULTS AND DISCUSSION
FTIR Analysis

The FTIR spectra of dried unloaded and lead(Il)-loaded C. annuum seeds in
the range of 400—4000 cm ™' were taken and compared with each other to
obtain information on the nature of the possible adsorbent-metal ion inter-
actions and presented in Fig. 1. The broad stretching absorption bands at
3280—3303 cm ™', represent —NH and bonded —OH groups. The intensities
of these bands decreased only in the FTIR spectrum of lead(Il)-loaded C.
annuum seeds. The changes in the intensities decrease of the amino and
hydroxyl groups in FTIR spectrum indicated that these two groups were
possibly involved in the lead(Il) adsorption. The bands observed at 2865
and 2927 cm™' are assigned to the symmetric and asymmetric stretching
vibrations of the —CHjz and —CH, groups and their bending vibrations are
1371 and 1445 cm™ ! for unloaded and lead(Il)-loaded C. annuum seeds.
Carbonyl stretching band of un-ionized carboxylates of adsorbent was
observed at 1745 cm™'. The bands at 1650 cm™ ' and 1540 cm ™' correspond
to carbonyl stretching vibration of amide considered to be due to the combined

|
@)

& o
o
8
8

L
2 o
z (b)
& ™
o
&
e ————
L&
) W

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wawvenumber (cm‘l)

Figure 1. FTIR spectra of (a) unloaded and (b) lead(Il) loaded C. annuum seeds.
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effect of double-bond stretching vibrations (23) and —NH deformation band
for unloaded and lead(Il)-loaded C. annuum seeds, respectively. Their
intensities in the spectrum of unloaded adsorbent decrease and separately
the —NH deformation band shifts to 1526 cm™ 'in the lead(Il)-loaded
adsorbent. This behavior reflects the interaction between the amino groups
and metal ions. Therefore, C. annuum seeds provide more adsorption sites
for lead(II) ions.

The 1085 cm ™' band is due to C-O stretching of carbonyl groups and
the bending vibration of hydroxyl groups for unloaded C. annuum seeds but
the disappearance of this band after the lead(Il)-loaded C. annuum seeds
suggests that this type of functional group is likely to participate in metal
binding.

Effect of pH

As can be easily seen from Fig. 2, the uptake of lead(II) ions by C. annuum
seeds is directly related to the pH of the solution. There was no lead(II)
adsorption onto the adsorbent in the pH range of 1-2. The reason could be
that the adsorbent surface was completely protonated, resulting in repulsion
of positively charged lead(Il) ions from interacting with the functional
groups on the adsorbent surface (12). The adsorption capacity was then
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Figure 2. Effect of pH for lead(II) ions adsorption onto C. annuum seeds at 20°C.
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sharply increased after pH 2 and reached the maximum level at pH 5 and then
it stayed constant until pH 5.5. This could be attributed to an electrostatic
interaction between the negatively charged adsorbent and the positively
charged lead(Il) ions. Experiments were not conducted beyond pH 5.5 due
to the fact that lead(Il) precipitation appears at higher pH values and interferes
with the accumulation or adsorbent deterioration (24, 25).

Effect of Adsorbent Concentration on Lead(I) Removal

Figure 3 presents the effect of adsorbent concentration for lead(Il) ions
adsorption onto C. annum seeds. As can be seen from the figure, the appli-
cation of different adsorbent dosage has a direct effect on the lead(Il)
uptake. Varying the adsorbent mass from 0.4 to 3.0 g dm " increases the per-
centage lead(Il) removal at equilibrium from 10 to 85% and reaches a
maximum point of 90% at 4.0 gdm > adsorbent concentration. Further
increase in the adsorbent concentration does not change the adsorption ratio
which stays constant up to 6.0 g dm > adsorbent concentration. This may
be attributed to the number of possible binding sites increasing as the
adsorbent concentration rises and then reaching a saturation point after
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Figure 3. Effect of adsorbent concentration for lead(Il) ions adsorption onto
C. annuum seeds at 20°C.
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which no further lead(II) ions adsorption occurs (16). Therefore, 4.0 g dm™ >
adsorbent concentration was selected as the optimum value for the adsorption
experiments.

Effect of Equilibrium Contact Time

The adsorption capacity of lead(II) ions removed by C. annuum seeds versus
contact time is depicted in Fig. 4. It can be seen that the adsorbed amount of
lead(I) ions increased with contact time up to 40 min, after that a maximum
removal is attained. For this reason, the optimum contact time was chosen as
40 min for further experiments.

Effect of Temperature on Metal Uptake

The equilibrium adsorption capacity of lead(Il) ions onto C. annuum seeds
was favored at higher temperatures. This may show that adsorption of
lead(Il) ions onto adsorbent is in endothermic nature. When the temperature
increases from 20 to 50°C, the adsorption capacity goes up from 21.56 to
24.10 mg g~ at an equilibrium time of 40 min. Below equilibrium time, an
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Figure 4. The effect of contact time for lead(II) ions adsorption onto C. annuum
seeds at various temperatures.
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increase in the temperature leads to an increase in the lead(II) ions adsorption,
which indicates a kinetically controlling process. After reaching the equili-
brium, the uptake increases with increasing temperature. This effect may be
explained by the availability of more active sites of adsorbent at higher
temperatures.

Adsorption Isotherms

Two linear isotherm model equations; Langmuir (26) and Freundlich (27),
are used for the estimation of adsorption mechanism between lead(Il) ions
and C. annuum adsorbent.

Langmuir equation:

1 1 1 1
(Y ¥ 0
qe Gmax QmaxKL Ce
Freundlich equation:
1
Ing. =InKrp +-InC, 2)
n

where gn.x 1S the maximum amount of adsorption (mol gfl), q. is the
equilibrium adsorption capacity (mol g~ ') and C, is the equilibrium solution
concentration (mol dm? ), K; is the Langmuir adsorption constant
(dm3 molfl) related to the free energy of adsorption, Kr (dm3 gfl) and n
(dimensionless) are the Freundlich isotherm constants. The plots of the linear
form of the Langmuir and Freundlich adsorption isotherms for the removal
of lead(Il) ions onto C. annuum seeds obtained at the temperatures of 20—
50°C are illustrated in Figs. 5 and 6 and isotherm model parameters are
listed in Table 1. These results showed that the surface of C. annuum seeds
is made up of homogeneous adsorption patches. In other words, Langmuir
isotherm model fits very well when the 7> values are compared in Table 1.

The maximum adsorption capacity (gmax) Of adsorbent calculated from
Langmuir isotherm equation defines the total capacity of the adsorbent for
lead(II) ions. The adsorption capacity of the adsorbent increased with increas-
ing the temperature. The highest value of g.,.x obtained at 50°C is 1.87 x
10"*mol g~ '. It appears to be the highest in comparison with the uptake
obtained at the other temperatures (Table 1).

The Langmuir isotherm can also be expressed by means of a dimension-
less constant, R;, which is referred as a separation factor or equilibrium
parameter (28). It provides information about whether the adsorption
process is spontaneous or nonspontaneous and is calculated by using the
following equation,

1

Rp=——
L= 1+k.c,

3)

where C, is the highest initial lead(II) ions concentration (mol dm_3).
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Figure 5. Langmuir plots for lead(Il) ions adsorption onto C. annuum seeds at
various temperatures.

-84

8,6

-8.8

-9.0

Ing

-9.2

9.4

InC,

Figure 6. Freundlich plots for lead(Il) ions adsorption onto C. annuum seeds at
various temperatures.



09: 34 25 January 2011

Downl oaded At:

Il

Table 1. Isotherm constants for the adsorption of lead(Il) ions onto C. annuum seeds at various temperatures

Langmuir Freundlich
1(°C) Gmax (mol g71) Ky, (dm® mol ") 1 Ry n Kp(dm’g™" e
20 122 x 1074 6.26 x 10* 0.997 1.09 x 1072 9.931 2.54 x 107* 0.811
30 1.55 x 107 7.10 x 10* 0.998 9.64 x 1073 7.819 3.95 x 107* 0.837
40 1.60 x 107 7.92 x 10* 0.985 8.65 x 1073 7.092 470 x 1074 0.879
50 1.87 x 1074 9.41 x 10* 0.993 7.29 x 1073 6.605 6.10 x 107* 0.782

‘e 19 IIPDZQ SV
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The values of R; calculated from equation (3) are tabulated in Table 1.
As the R; values lie between 0 and 1, the adsorption process is favorable (28).
Further, the R; values for this study at all temperatures studied are between
1.09 x 1072 and 7.29 x 1073, therefore, the adsorption is spontaneous.

Adsorption Kinetics

The pseudo-second-order kinetic model (29) (Equation (4)) was used to
elucidate the mechanism of the adsorption process.

t 1 1
o k@ @
where ¢, is the maximum adsorption capacity (mg g~ ') for the pseudo-second-
order adsorption, ¢, is the amount of lead(II) ions adsorbed at equilibrium at time ¢
(mg g~ "), k, is the equilibrium rate constant of pseudo-second-order adsorption
(g mg~ ' min~"). Values of k, and ¢, can be calculated by plotting t/q; values
versus ¢ (Fig. 7).

The pseudo-second-order kinetic parameters for the adsorption of
lead(Il) ions onto C. annuum seeds are given in Table 2. As can be seen
from Table 2, the adsorption of lead(Il) ions onto C. annuum seeds follows

tg, (min g mg'l)

0 20 40 60 80 100
! (min)

Figure 7. Pseudo-second-order kinetic plots for lead(I) ions adsorption onto C.
annuum seeds at various temperatures.
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Table 2. Pseudo-second-order kinetic parameters for the adsorption
of lead(Il) ions onto C. annuum at various temperatures

1(°C) ky (gmg~'min~") > (mgg ") 3

20 1.67 x 1072 22.63 0.999
30 3.92 x 1072 23.37 0.999
40 547 x 1072 23.73 0.999
50 6.56 x 1072 24.62 0.999

the pseudo-second-order kinetic model with the high correlation coefficients
of 0.999 at all the temperatures studied.

The pseudo-second-order rate constants indicate a steady increase from
1.67 x 1072 t0 6.56 x 10”2 gmg " min~' with an increase in the solution
temperatures from 20 to 50°C (Table 2), indicating that the adsorption of
lead(I) ions onto C. annuum seeds is rate-controlled.

Thermodynamic Parameters

The values of the equilibrium constants required for the calculation of the
Gibbs free energy (AG®), the enthalpy (AH?) and the entropy (AS°) changes
are estimated by solving the Langmuir isotherm equation for the parameter
K;. The thermodynamic parameters were estimated using the following
equations.

AG® = —RTInK, (5)
AG®  AH° AS°

InkK, = — -2 — _ 6

nAL RT RT TR ©)

The values of AHand AS?, calculated from the slope and the intercept of
the straight line from Fig. 8 obtained by plotting In K; against 1/7. The results
of the Gibbs free energy (AG?) obtained are —26.92 kJmol ' at 20°C,
—28.15kJ mol ™" at 30°C, —29.37 kI mol " at 40°C and —30.77 kJ mol "
at 50°C. The negative values of AG’at all temperatures studied are due to
the fact that the adsorption process is spontaneous. The positive value of
AH°(+10.44 kJ mol ") suggests the endothermic nature of adsorption. The
positive value of AS?(4127.34 J K~ mol ') suggests increased randomness
at the solid/solution interface during the adsorption of lead(Il) ions onto
C. annuum seeds.

CONCLUSIONS

This study has conducted the adsorption of lead(Il) ions onto one of the agri-
cultural by-products C. annuum seeds from aqueous solutions. The maximum
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Figure 8. Plot of Kyversus 1/T for estimation of thermodynamic parameters for
lead(II) ions adsorption onto C. annuum seeds.

adsorption capacity of C. annuum seeds for the removal of lead(Il) ions was
obtained at pH 5. Experiments were performed as a function of pH, contact
time and temperature.

The Langmuir and Freundlich isotherm models were used for the math-
ematical description of the adsorption of lead(Il) ions onto C. annuum seeds
depending on temperature and the isotherm constants were deduced from
these isotherm models. Results indicated that the adsorption equilibrium
data fitted very well to Langmuir isotherm model in the concentration range
at all temperatures studied. The kinetics of lead(Il) ions adsorption onto C.
annuum seeds was based on the assumption of the pseudo-second-order
mechanism. The negative values of AG” confirm a favorable adsorption of
lead(Il) onto C. annuum seeds and the positive value of AH? leads to an
endothermic nature of adsorption. It may be concluded from the above
results that C. annuum seeds can be used for the elimination of heavy metal
pollution from wastewater due to the fact that it is a low-cost, abundant,
and locally available adsorbent.
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