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Abstract: The sorption of Cu*" Cd*" and Pb*" from aqueous solutions by unmodified (UBSH) and modified (MBSH)
African breadfruit (Treculia africana) seed hull has been investigated. The amount of ions adsorbed by the hulls was depen-
dent on the contact time range, 10 min — 120 min at optimum pH, 7.5 and temperature, 30 °C. Results revealed that the
amount of metal ions adsorbed increased with time for both UBSH and MBSH, as well as a slight drop in the amount of
Cd*" adsorbed between contact time 60 min and 90 min for only UBSH. The rate of removal of the metal ions from their
solutions was rapid, as appreciable amounts (96 % — 99 %) were adsorbed by the adsorbents at the least contact time (10
min) of the experiment. However, sorption capacity trend of the metal ions was Pb>" > Cd*" > Cu*" for both UBSH and
MBSH. Modification by thiolation of the adsorbent showed enhancement mainly in the sorption of Cu’* and Cd*" and a
reduction for Pb** due to low affinity of Pb>" for —SH groups. A comparison of kinetic models applied to the sorption
process was evaluated for Pseudo-first order and Pseudo-second order models, with Pseudo-second order providing a better
fit to the experimental data with high R? values ranging 0.9999 to 1. McKay & Poot intraparticle diffusion model also pro-
vided a good fit to the experimental data with more R values close to 1 than Weber & Morris model, thus suggesting the
sorption process to be intraparticle diffusion controlled. Generally, the results from this study, indicates that a good adsor-
bent can be obtained from both unmodified and thioglycollic acid-modified breadfruit seed hull.
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with enzyme activities and formation of red blood cells. It
can affect nerves and brain at low concentration [3]. Cad-
mium is responsible for kidney tubular impairment and
osteomalacia, among other health problems associated with

1. Introduction

The increasing pace of industrialization, mining of me-
tallic ores, smelting and extrusion of metals, widespread

and indiscriminate dumping of metallic compounds, vehi-
cular emissions etc. have led to metal contamination of the
aquatic ecosystems. The pollution of an aquatic environ-
ment can alter its physical, chemical and biological charac-
teristics, thereby jeopardizing the quality of water for in-
dustrial, agricultural and domestic uses [1]. Of the variety
of existing pollutants, heavy metals have received special
attention since some of them are extremely harmful to a
large variety of organisms when they exceed tolerable lim-
its permitted by environmental legislation [2].
Contamination of water by heavy metals ions contributes
to several health hazards. Lead for instance, can interfere

its exposure [4]. The presence of copper (II) ions can cause
serious toxicological concerns, it is usually known to depo-
sit and cause damage in the brain, skin, liver, pancreas, and
myocardium [5]. Since most of the heavy metals are non-
degradable into non-toxic end-products, their concentra-
tions must be reduced to acceptable levels before discharg-
ing them into the environment. Otherwise these could pose
threats to public health when they enter the food chain.
According to World Health Organization (WHO), the met-
als of most immediate concern are chromium, copper, zinc,
cadmium, iron, mercury and lead [6]. Consequently, re-
moval of heavy metals from wastewater is of primary im-
portance because they are not only causing contamination
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of water bodies. Nonetheless, they are also toxic to many
life forms. In view of these effects, hence the urgent need
for the removal of heavy metals from their solutions.

Conventional methods for heavy metal removal from
wastewater /aqueous solution include chemical precipita-
tion, electrolytic recovery, ion exchange, chelation and
solvent extraction /liquid membrane separation [7]. But
these methods are often most cost prohibitive, having in-
adequate efficiencies at low metal concentrations particu-
larly in the range 1 — 100 mg/L [8]. Furthermore, some of
these methods generate toxic sludge, the disposal of which
is an additional burden on the techno-economic feasibility
of treatment procedures. These constraints have caused the
search for alternative methods that would be efficient for
metal sequestering. Such a possibility offers a method that
uses adsorbents of biological origin for removal of heavy
metals from dilute aqueous solutions. Among these adsor-
bents are agricultural waste-products that make wastewater
treatment more cost effective than the use of conventional
adsorbents like activated carbon. Several researchers have
therefore reported on the use of many agricultural waste-
products as good substrates for the removal of metal ions
from aqueous solutions and wastewaters. Some of these
adsorbent materials include petiolar felt-sheath of palm [9],
rice husk [10], wheat shell [11], bengal gram husk [12],
waste sugar beet pulp [13], oil palm fruit fibre [14], saw
dust [15], maize cob [16], cassava fibre [17], arca shell
biomass [18], dyed cassava mescocarp [19], coconut fibre
[20], cocoa pod husk [21, 22], sand paper leaves [23], co-
conut shell/baggase [24], among others.

The present article reports the feasibility of utilizing
African breadfruit (Treculia africana) seed hull as a low
cost adsorbent material for the removal of toxic heavy met-
al ions from wastewater. African breadfruit (Treculia afri-
cana) seed hull is a typical waste biomass or plant residue.
Plant residues are mainly composed of highly fibrous lig-
no-cellulosic materials. They have relatively large surface
areas that can provide intrinsic adsorptive sites to many
substrates and can inherently adsorb waste chemicals such
as dyes and cations in water due to coulombic interaction
and physical adsorption [25]. These agricultural wastes are
renewable and abundantly available at little or no cost. In
the present study, the sorption kinetics of Cu®*, Cd*" and
Pb>" onto modified and unmodified African breadfruit
(Treculia africana) seed hull was studied at optimum pH,
7.5 and temperature, 30 °C. The effect of contact time be-
tween the adsorbent and the metal ions was also investi-
gated.

2. Materials and Methods

2.1. Preparation of Adsorbent

African breadfruit (7reculia africana) seed hulls were
obtained from Uturu, Abia State, Nigeria. The hulls were
cut into small pieces, air-dried and crushed into powdery
form using a manually-operated grinder. The breadfruit

seed hull meal obtained was dried further in the oven at 50
°C. After 12 h, the meal was removed from the oven and
sieved through a 250 um mesh screen. This portion of the
breadfruit seed hull meal retained on 250 um mesh was
used for the adsorption experiment.

2.2. Activation of Adsorbent

The portion of the breadfruit seed hulls meal retained on
the 250 um mesh was then soaked in dilute nitric acid solu-
tion (2 % v/v) overnight at room temperature. After 24 h,
the meal was filtered through a Whatman No. 41 filter pa-
per and rinsed with deionized water and air dried. The ad-
sorbent was dried again in the oven at 105 °C for 6 h. After
drying in the oven, the hulls were divided into two parts;
one part of the hulls was used for sorption studies without
chemical modification (i.e. the unmodified breadfruit seed
hull) and was labeled UBSH. The other portion was mod-
ified by the introduction of thioglycollic acid (i.e. the mod-
ified breadfruit seed hull labeled MBSH).

2.3. Modification of Adsorbent

The African breadfruit (Treculia africana) seed hull was
thiolated by the method reported by Okieimen and Okun-
daye [26]. Specifically, a 25 g sample of the activated
breadfruit seed hull was thiolated with 250 mL of 1.0 M
solution of thioglycollic acid for 24 h at 29 °C. The mixture
was filtered (after 24 h), washed with deionized water and
then with methanol. It was finally washed with deionized
water and dried at 50 °C for 12 h. This thioglycollic acid
modification process led to the thiolation of the hydroxyl
groups of the cellulosic biomass by the following reaction:

Biomass—OH + HSCH,CO,H —
Biomass—SH + H;CO, + H'

The degree of thiolation was estimated titrimetrically by
reaction of the thiolated hull with iodine and back-titration
of the unreacted iodine with sodium thiosulphate solution.

2.4. Preparation of Adsorbate

All reagents used were of analytical grade and were used
as purchased without further purification. Doubly-distilled
and deionized water was used in the preparation of all
sample solutions. Stock solutions of Cu**, Cd*" and Pb**
metal ions of 1000 mg/L concentrations were prepared by
dissolving known amounts of copper nitrate
(Cu(NOs3),.6H,0), cadmium chloride (CdCl,) and lead ni-
trate (Pb(NOs),), respectively in 1000 mL of deionized
water. From these stock solutions, working solutions (ali-
quots) of 100 mg/L (initial concentration) of each metal ion
were prepared by serial dilution.

3. Sorption Studies

Sorption studies for Cu**, Cd*" and Pb*" were carried out
for each adsorbent (UBSH and MBSH respectively) at pH,
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7.5, temperature, 30 °C and initial concentration, 100 mg/L.
50 mL standard solution of each metal ion was transferred
into five 250 mL Erlenmeyer flasks, corked and labeled.
An accurately weighed sample of 1 g of each adsorbent
was weighed into each of the flasks and agitated for time
intervals of 10, 30, 60, 90 and 120 min, respectively. At the
end of each agitation time (contact time), the content of
each flask was filtered rapidly and filtrates collected into
various sample bottles. The residual (equilibrium) concen-
tration of the filtrate of each metal solution was analyzed
using UNICAM 969 solar atomic absorption spectropho-
tometer (AAS).

3.1. Data Analysis

Experimental readings were carried out in triplicates and
the average of each reading was used in the calculations.
However, the amount of Cu**, Cd*" and Pb*" adsorbed (q.)
from each metal solution at time, t, was computed using the
equation shown below:

qe:(co_ce) v/m (1)

where q.is the amount of metal ion adsorbed at any giv-
en time, t, in mg/g; c, is the initial metal ion concentration
(mg/L); c. is the metal ion concentration at equilibrium i.e.
final concentration in solution (mg/L); v is the volume of
initial metal ion solution used which is constant (50 mL);
m is the mass of adsorbent used (i.e. | g).

4. Results and Discussion

The treatment of the adsorbent with 2 % (v/v) dilute
HNO; solution (i.e. activation of the adsorbent) aids the
removal of any debris or soluble biomolecules that might
interact with metal ions during sorption. It also helps to
open up the pores of the adsorbent in readiness for sorption
reaction.

4.1. Effect of Contact Time on Sorption Capacity

The values for the amount of Cu**, Cd** and Pb*" ad-
sorbed by the unmodified breadfruit seed hull (UBSH) and
modified breadfruit seed hull (MBSH) calculated through
equation 1 above have been used to plot Figures 1 and 2
below.

Figure 1 shows the plot of amount adsorbed versus con-
tact time for sorption of Cu®*, Cd*" and Pb** by the unmo-
dified breadfruit seed hull (UBSH). From the figure, it
could be seen that the amount of metal ions adsorbed in-
creased with time. However, there was a slight drop in the
amount of Cd*" adsorbed at contact time 60 min and 90
min as well as an increase again at 120 min. The sorption
trend for UBSH was Pb*" > Cd*" > Cu®". Figure 2 shows
the plot of amount adsorbed versus contact time for sorp-
tion of Cu®*, Cd*" and Pb*" by the modified breadfruit seed
hull (MBSH). From the plot, it could also be observed that
the MBSH maintained fairly constant increase in the
amount of Cu®’, Cd*" and Pb*" adsorbed as the contact time

increased between 10 min and 120 min. The sorption trend
was also Pb*"> Cd*" > Cu*".
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Figure 1. Variation of amount adsorbed, ge, with contact time, t, for ad-
sorption of Cu (1), Cd( [l)and Pb( Il) ions onto Unmodified Breadfruit
Seed Hull (MBSH).

Generally, appreciable uptake levels of the metal ions
were achieved by the adsorbents (UBSH and MBSH) at the
least contact time, 10 min. This means that the sorption
process of Cu*" Cd*" and Pb*" on UBSH and MBSH was
rapid and in 10 min, the process of adsorption nearly
reached equilibrium. Thus, after 10 min contact time, the
amount of adsorbed metal ions did not change very much
or significantly with time. Hence, in the present sorption
studies, 120 min was chosen as the equilibrium time. Other
researchers have observed the same trend [27, 28]. Further
examination on Figure 1 and 2 revealed that the amount of
Cu”*" and Cd*" adsorbed by the modified adsorbent (MBSH)
was higher than that of unmodified adsorbent (UBSH). The
improved levels of the sorption of these metal ions (Cu**
and Cd*") by the modified breadfruit seed hull is thought to
result from the relative ease of exchanging hydrogen atoms
of the —SH groups on thioglycollic acid with the heavy
metal ions. Similar observations have been reported by
other researchers [29, 30]. Conversely, thiolation of the
breadfruit seed hull (MBSH) appears to reduce its sorption
capacity for Pb>" as shown in Figure 2. Thus, at 10 min
contact time, the amount of Pb>" adsorbed by MBSH was
49 % of the amount of Pb*" adsorbed by UBSH. This re-
duction in sorption capacity of modified breadfruit seed
hull for Pb*" may be due to an intrinsically low affinity of
the Pb>" for thiol (-SH) groups. This is similar to the find-
ings of previous studies [31, 32]. However, the discrepancy
in the amounts of metal ions adsorbed can be explained in
terms of the difference in the ionic size of the metal ions,
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the nature and distribution of active or functional groups on
the adsorbent and the mode of interaction between the met-
al ions and the adsorbent.
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Figure 2. Variation of amount adsorbed, q., with contact time, t, for ad-
sorption of Cu (Il), Cd( 1) and Pb(Il) ions onto Modified Breadfiuit
Seed Hull (MBSH).

4.2. Sorption Kinetics

The experimental results were modeled using Pseudo-
first order and Pseudo-second order kinetic models as well
as intraparticle diffusion models by Weber & Morris [33]
and that of McKay & Poots [34]. The conformity between
experimental data and the model-predicted values was ex-
pressed by the correlation coefficients (R? values close or

equal to 1). A relatively high R* value indicates that the
model successfully describes the kinetics of the adsorption
process.

Pseudo-first order model:

The pseudo-first order equation [35] is generally ex-
pressed as follows:

——=K,(q.~q,) 2)

where g, and q; are the adsorption capacities at equili-
brium and at time, t, respectively, K; is the rate constant of
pseudo-first order adsorption (min™).

After integration and applying boundary conditions, t =
0tot=tand q,= 0 to q,= qy, the integrated form of equa-
tion (2) becomes:

K
- 3)

log (q,—q,) =log (qe)-m

The values of log (q.-q;) were linearly correlated with t.
The plot of log (qe.-q¢) versus t for the metal ions using un-
modified breadfruit seed hull (UBSH) is shown in Figure 3
while that of the modified breadfruit seed hull (MBSH) is
shown in Figure 4. From these figures, the values of K; and
ge were determined from the slope and intercept of the
plots respectively. The linear regression equations and the
correlation coefficients (R*) are shown on the figures. The
kinetic parameters (constants) and R values for the pseu-
do-first order equation are presented in Table 1 below.
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Figure 3. Pseudo-first order plot for adsorption of Cu( Il), Cd( Il) and Pb( [l) ions onto Unmodified Breadfruit Seed Hull(UBSH).
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Figure 4. Pseudo-first order plot for adsorption of Cu (Il), Cd( Il) and Pb( I[) ions onto Modified Breadfruit Seed Hull(MBSH).

As shown in Table 1, higher values of K; were observed
for MBSH than UBSH. The K, values followed the trend
Cu*" > Pb*' > Cd*' for UBSH and Pb*" > Cu®" > Cd*" for
MBSH. However, the higher the K; value, the greater the
adsorption. On the other hand, q. values showed the trend:
Cu*"> Cd**>Pb*" for both UBSH and MBSH. Therefore,
it indicates that the lower the q. value, the greater the ad-
sorption. In other words, the trend is Pb*" < Cd*" < Cu®" for
UBSH and MBSH, thus conforming to the adsorption ca-
pacity trend of the sorption process. Also from Table 1, R?
values close to 1 were obtained for Cu®* and Pb*" (exclud-
ing Cd*") by UBSH, which indicates a good correlation,
while R? values by MBSH for all the metal ions were lower
and not closer to 1, thereby giving poor correlation with
Pseudo-first order equation. Generally, the obtained range
of values for K; and q. as well as R? values depict pseudo-
first order equation as not a very good fit for the sorption
process.

Table 1. Kinetic parameters and Correlation coefficients (R’ values) for
Pseudo-first order model.

UBSH MBSH
Constants Cu Cd¥ Pb2* Cu o Pb*
(Units)
K; (min")  0.00806 —0.000691 0.00783 0.0638 0.0555 0.0640
qe (mg/g)  1.6684 0.7246 0.0449  3.3159 1.4976 1.3152
(R?) 0.9634 0.0069 0.9445  0.7368 0.7467 0.7367

Pseudo- Second order model:
The sorption data was also analyzed in terms of a pseu-
do-second order mechanism [36] using the equation below:

%=K1(qe—qt)i 4)

where K, is the rate constant of pseudo-second order ad-
sorption (g/mg-min). Integrating equation (4) and applying
the boundary conditions t =0 to t =t and q,= 0 to q,= q;
gives:

1 1
=—*K, )

(.0 ) a.

Equation (5) is the integrated rate law for pseudo-second
order reaction. Rearranging equation (5) gives a linear
form as:

L— 1 +L 6
. K’ q. ©

If the initial adsorption rate, h, (mg/g- min) is
ho = Kqu2 (7)
Then equations (6) and (7) will become

t 1 t
At ®)

qt ho ge

The plot of t/q, versus t for the metal ions using unmodi-
fied breadfruit seed hull (UBSH) is shown in Figure 5
while that of the modified breadfruit seed hull (MBSH) is
shown in Figure 6. From the figures (5 & 6), the values of
de and K, were determined from the slope and intercept of
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the plots, respectively. The plots gave a good fit to the ex-
perimental data. This means that the sorption process can
be described by a pseudo-second order rate equation, hence
Je> ho, Ky and R? values were evaluated for the three metal

1.4 -

ions and for the UBSH and MBSH adsorbents respectively
as presented in Table 2 below. The linear regression equa-
tions and the correlation coefficients (R?) are also shown
on the figures.
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Figure 5. Pseudo-second order plot for adsorption of Cu( Il), Cd( I) and Pb( I]) ions onto Unmodified Breadfruit Seed Hull(UBSH).
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Figure 6. Pseudo-second order plot for adsorption of Cu( Il), Cd( Il) and Pb( I[) ions onto Modified Breadfiuit Seed Hull(MBSH).

The results as presented in Table 2 showed that Pb*" had
the highest initial rate of sorption (h,) among the three met-
al ions for both UBSH and MBSH. Also K, values were
higher for Pb*" than Cu®" and Cd**, considering the both
adsorbents. The rate constant K, gives a measure of how
fast the reaction proceeds. The higher values of K, for Pb*"

observed for both UBSH and MBSH are indications of
higher reaction rates as well as higher adsorption rates for
the sorption process. However, the trend of values of g, h,
and K, as shown in Table 2 is in direct conformity with the
trend in adsorption capacity i.e. Pb*" > Cd*" > Cu?".
Furthermore, R? values from Table 2 are almost same for
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all the three metal ions and the two adsorbents, with a val-
ue of 1, except for Cu** (0.9999) by UBSH. However, the
obtained R* value range of 0.9999 to 1 is clear indication
that pseudo-second order model provided a better fit for the
sorption process than the pseudo-first order model.

Table 2. Kinetic parameters and Correlation coefficients (R’ values) for
Pseudo- second order model.

UBSH MBSH
pomans c* o P ¥ o Pb*
(Units)

q (mg/e) 98.04 99.01  100.00 100.00 100.00 100.00
he (mg/g-min)  250.00 500.00  10000.00 555.56 1000.00 1428.57
K, (¢/mg-min) 0.0260 0.0510 1.0000 0.0556 0.1000 0.1429
(R) 0.9999 1.0000 1.0000  1.0000 1.0000 1.0000

Intraparticle diffusion models

The mechanism of sorption is either film diffusion con-
trolled or particle diffusion controlled [37]. Before adsorp-
tion takes place, several diffusion processes known to af-
fect the adsorption process will take place. The adsorbate
will have to diffuse through the bulk of the solution to the
film surrounding the adsorbent and then into the micro-
pores and macropores of the adsorbent. Several models
have been developed for the studies of mechanism of sorp-
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tion processes by intraparticulate diffusivity. They include:

McKay & Poots model:

This model equation was developed by McKay and
Poots [34]. They observed that the fraction of solute ad-
sorbed can be expressed in terms of the square root of time
as given in the equation:

q=X+ K ©)

where X; is the boundary layer diffusion effects (mg/g),
K’ is the rate constant for intraparticle diffusion (mg/g-min’
%3). The plot of fraction of solute adsorbed q, (i.e. amount
adsorbed at each time, t) versus t*° (i.e square root of time)
for Cu’*, Cd*" and Pb>" by the unmodified adsorbent
(UBSH) is shown in Figure 7 while that of the modified
adsorbent (MBSH) is shown in Figure 8. The slope of the
plots (q; vs t*°) gives the initial rate of sorption controlled
by intraparticle diffusion, K’ (mg/g-min’) while the
extrapolation of the linear plots to the time gives the inter-
cepts of the plots, X; (mg/g) which is proportional to the
boundary layer thickness. The linear regression equations
and the correlation coefficients (R* values) are shown on
the figures. The kinetic parameters as well as R” values for
McKay and Poots are presented in Table 3 below.
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Figure 8. Mckay & Poots Intraparticle diffusion plot for adsorption of Cu( Il), Cd( Il) and Pb( Il) ions onto Modified Breadfi-uit Seed Hull(MBSH).
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Figure 7. Mckay & Poots Intraparticle diffusion plot for adsorption of Cu( Il), Cd( Il) and Pb( I]) ions onto Unmodified Breadfruit Seed Hull(UBSH).

The results as presented in Table 3 showed that Pb** ions
had highest X; values than Cu® and Cd** ions for both
UBSH and MBSH. However, higher values of X; i.e. boun-
dary layer thickness depict higher adsorption capacities.
The boundary layer gives an insight into the tendency of
the metal ions to adsorb to the adsorbent phase or remain in
solution. Since diffusion takes place, the boundary layer is
looked upon as a viscous drag existing between the adsor-
bent surface and the metal ion solution diffusing across its
surface. Nonetheless, it has been reported that at a high
temperature, the thickness of the boundary layer decreases
due to the increased tendency of the metal ions to escape
from the adsorbent surface to the solution phase, which
results in a decrease in adsorption as the temperature in-
creases [38, 32]. As shown in Table 3 below, the boundary
layer thickness varied from 95.564 to 99.881 mg/g. This
shows high tendency for adsorption capacity.

Table 3. Kinetic parameters and Correlation coefficients (R’ values) for
McKay & Poots intraparticle diffusion model.

UBSH MBSH
boans o cd P o i pbY
(Units)

X, (mg/g) 95564 98.129 99.881 98270 99.035 99.315

K’ (mg/g-min™®®) 0.1810 0.0441
(R?) 0.8721 0.1688

0.0048 0.1141 0.0637 0.0452
0.8478 0.9096 0.9088 0.9096

The modified adsorbent (MBSH) has R2 values closer to
1 for all the metal ions investigated. However, the unmodi-
fied adsorbent (UBSH) showed appreciably higher R2 val-
ues for Cu2+ and Pb2+ than Cd2+. Generally, it could be
said that the model fits the experimental data and also con-
firms that the sorption process is mainly intraparticle diffu-
sion controlled, except in the sorption of Cd2+ by the
UBSH where film diffusion is suspected due to low R2
value.

Weber & Morris Model:

Intraparticle diffusion model can also be expressed as
[33, 39]:

R=Kj(H)" (10)
The logarithm of both sides of Equation 10 gives:
log R =log K;; + n log (t) (11)

where R is the per cent of metal ion adsorbed, t is the
contact time (min), n is the gradient of linear plots and also
depicts adsorption mechanism, K4 is the intraparticle diffu-
sion rate constant (min™') and may be taken as a rate factor,
i.e. per cent metal ion adsorbed per unit time.

The plot of log R versus log t for the metal ions using
unmodified adsorbent (UBSH) is shown in Figure 9 while
that of the modified adsorbent (MBSH) is shown in Figure
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10. From the plots, n (the gradient of the linear plots) and
Kiq (the intraparticle diffusion rate constant in min) gave
the slope and intercept of the linear plots, respectively. The
linear regression equations and the correlation coefficients
(R? value) are shown on the figures. The kinetic parameters,
K,q4 and n, as well as R? values for the model are presented
in Table 4 below.

Table 4. Kinetic parameters and Correlation coefficients (R> values) for
Weber & Morris intraparticle diffusion model.

UBSH MBSH
Constants 2+ 2+ 2+ 2+ 2+ 2+
(Units) Cu Cd Pb Cu Cd Pb
n 0.005 0.0015 0.0001 0.0035 0.0019 0.0014
Kiq (min™) 94.864 97.859  99.885 97.791 98.764 99.129
R?) 0.7915 0.1886  0.5763 0.9005 0.8976 0.8934.

The results presented in Table 4 showed that the Ky val-

ues increased in the order: Pb*" > Cd*" > Cu®" for both
UBSH and MBSH which is the same order as the adsorp-
tion capacity trend. However, higher values of Ky, illustrate
an enhancement in the rate of sorption while larger n-
values illustrate a better adsorption mechanism which is
related to an improved bonding between the metal ions and
the adsorbent particles. From Table 4 also, the n-values
increased in the order Cu*" > Cd*" > Pb*" for both UBSH
and MBSH, which is in the reverse order of adsorption
capacity trend. The obtained K,y and n-values therefore
signify that the sorption process is particle diffusion con-
trolled and that the intraparticle mass transfer resistance is
the rate-limiting step [40, 41, 30]. However, R? values ob-
tained showed higher values for MBSH than UBSH with
Weber & Morris model.

Generally, in terms of intraparticle diffusion, the sorption
process was found to be intraparticle diffusion controlled,
with MBSH fitting the McKay & Poots model better than
Weber & Morris model.
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2 T y—Y
b i —r
1.998
1.996 - -y = 1E-04x + 1.9995
R2 = 0.5763 Pb
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Figure 9. Weber & Morriss Intraparticle diffusion plot for adsorption of Cu( Il), Cd( Il) and Pb( I[) ions onto Unmodified Breadfruit Seed Hull(UBSH).
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Figure 10. Weber & Morriss Intraparticle diffusion plot for adsorption of Cu( Il), Cd( Il) and Pb( I[) ions onto Modified Breadfruit Seed Hull(MBSH).

6. Conclusion

The laboratory-scale experiments carried out have
shown that African breadfruit (Treculia africana) seed hull
is a good adsorbent for the removal of Cu**, Cd*" and Pb**
from aqueous solutions. Sorption capacity for the metal
ions was in the order: Pb*" > Cd*" > Cu*" by both UBSH
and MBSH. Modification of the adsorbent by thiolation
enhanced its sorption capacity. The sorption process was
found to follow Pseudo-second order kinetics. Among the
two intraparticle diffusion models tested, McKay & Poots
model gave a better fit than Weber & Morris model.

References

[1] Marques P.A.S.S., Rosa M.F., Mendes F., Pereira M.C.,,
Blanco J. and Malato S., Wastewater detoxification of or-
ganic and inorganic toxic compounds with solar collectors,
Desalination, 108: 213 — 220 (1996).

[2] Laws E.A., Aquatic Pollution: An introductory text, 2nd Ed.
New York, Interscience, pp. 611 (1993).

[3] IgweJ.C. and Abia A.A., Adsorption isotherm studies of Cd
(II), Pb (II) and Zn (II) ions bioremediation from aqueous
solution using unmodified and EDTA- modified maize cob,
Ecl. Quim., Sao Paulo., 32 (1): 33 — 42 (2007).

[4] Asamudo N.U.,, Dada A.S. and Ezeronye O.U., Aft. J. Bio-
technol. 4 (13): 1548 — 1553 (2005).

[5] Davis J.A., Volesky B. and Vierra, R.H.S.F., Sargassum

[10]

[13]

weed as biosorbent for heavy metals, Water Res., 34 (17):
4270 — 4278 (2000).

World health Organization, Geneva, Guidelines for drinking
Water Quality (1984).

Rorrer G.L., Heavy metal ions In: Removal from wastewa-
ter, In: Encyclopaedia of environmental analysis and remed-
iation by R.A. Meyers (Ed.), Wiley, New York. 4: 2102 —
2125 (1998).

Kapoor A. and Viraraghavan T., Fungal biosorption - An
alternative treatment option for heavy metal bearing waste-
waters: A review, Bioresour. Technol., 53: 195 — 206 (1995).

Igbal M., Saced A. and Akhtar N., Petiolar felt-sheath of
palm: A new biosorbent for the removal of heavy metals
from contaminated water, Bioresour. Technol., 81: 151 —
153 (2002).

Ajmal M., Rao R.A K., Anwar S., Ahmad J. and Ahmad R.,
Adsorption studies on rice husk: removal and recovery of
Cd (II) from wastewater, Bioresour. Technol., 86: 147 — 149
(2003).

Basci N., Kocadagistan E. and Kocadagista B., Biosorption
of copper (II) from aqueous solutions by wheat shell, Desa-
lination, 164 (2): 135 — 140 (2004).

Alhaya N., Kanamadi R.D. and Ramachandra T.V., Biosorp-
tion of chromium (VI) from aqueous solutions by the husk
of Bengal gram (Cicer arientinum), Electron. J. Biotechnol.,
8 (3): 258 — 264 (2005).

Aksu Z. and Isoglu I.A., Removal of cooper (II) ions from
aqueous solution by biosorption onto agricultural waste
sugar beet pulp, Process Biochem., 40: 3031 — 3044 (2005).



[14]

[15]

[16]

[17]

[18]

[22]

[23]

[24]

[27]

American Journal of Physical Chemistry 2012, 1(1) : 11-21 21

Abia A.A. and Asuquo E.D., Lead (II) and Nickel (II) ad-
sorption kinetics from aqueous metal solutions using chem-

ically modified and unmodified agricultural adsorbents, Afri.

J. Biotechnol., 5 (16): 1475 — 1482 (2006).

Igwe J.C., Ekeghe M.N. and Abia A.A., Binding of Hg2+,
Ni2+, and Pb2+ ions from aqueous solutions onto thiolated
and carboxymethylated saw dust, Int. J. Chem., 16 (3): 121
— 128 (2006).

Abdel-Ghani N.J., Hefny M. and El-Chaghaby G.A.F., Re-
moval of lead from aqueous solution using low cost abun-
dant available adsorbents, Int. J. Environ. Sci. Tech., 4 (1):
67 — 73 (2007).

Abia A.A. and Didi O., Transfer zone behaviour of As (III),
Co (II) and Mn (II) ions on sulphur —hydrl infused cellulose
surface, Afri. J. Biotechnol., 6 (3): 285 — 289 (2007).

Dahiya S., Tripathi R.M. and Hedge A.G., Biosorption of
heavy metals and radionuclide from aqueous solutions by
pretreated Arca shell biomass, J. Hazard. Mater., 150 (2):
376 — 386 (2008).

Agiri G.O. and Akaranta O., Adsorption of metal ions by
dye treated cassava mesocarp, Afri. J. Biotechnol., 4 (5):
526 — 530 (2009).

Igwe J.C., Abia A.A. and Okereke F.H., Kinetic studies on
the sorption of Ag+ and AI** from aqueous solutions by co-
conut fibre, Terrestrial and Aquatic Environ. Toxicol., 5 (1):
19 — 24 (2010).

Odoemelam S.A., Iroh C.U. and Igwe J.C., Copper (II),
Cadmium (II) and Lead (II) Adsorption Kinetics from
Aqueous Metal Solutions using Chemically Modified and
Unmodified Cocoa Pod Husk (Theobroma cacao) Waste
Biomass, Res. J. Applied Sci., 6 (1): 44 — 52 (2011).

Njoku V.O., Ayuk A.A., Ejike E.E., Oguzie E.E., Duru C.E.
and Bello O.S., Cocoa Pod Husk as a low cost Biosorbent
for the Removal of Pb(Il) and Cu(Il) from Aqueous Solu-
tions, Aust. J. Basic & Appl. Sci., 5 (8): 101 — 110 (2011).

Adebayo M.A., Adediji J.F., Adebayo A.A. and Adebayo
O.T., Equilibrium and Thermodynamic Parameters of the
Biosorption of Ni2+ from Aqueous Solution by Streblus as-
per, J. Applied Sci., 12 (1): 71 — 77 (2012).

Sousa Neto V.D., Cavarlho T.V., Honorato S.B., Gomes
C.L., Barros F.C.F.,, Araujo-Silva M.A., Freire P.T.C. and
Nascimento R.F., Coconut Bagasse treated by Thiou-
rea/Ammonia Solution for Cadmium Removal: Kinetics and
Adsorption Equilibrium, Bioresources, 7 (2): 1504 — 1524
(2012).

Sun G. and Shi W., Sunflower stalks as adsorbents for the
removal of metal ions from waste water, Ind. Eng. Chem.
Res. 37: 1324 — 1328 (1998).

Okieimen F.E. and Okundaye J.N., Removal of cadmium
and copper ions from aqueous solutions with thiolated ma-
ize (Zea mays) cob meal, Biol. Wastes, 30: 225 — 230
(1989).

Han R., Zhang J., Zou W., Shi J. and Liu H., Equilibrium

[28]

[29]

[30]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

biosorption isotherm for lead ion on chaff. J. Hazard. Mater.,
B 125: 266 — 271 (2005).

Han R, Li H., Li Y., Zhang J., Xiao H. and Shi J., Biosop-
tion of copper and lead ions by waste bear yeast, J. Hazard.
Mater., B 137: 1569 — 1576 (2006).

Okieimen F.E., Maya A.O. and Oriakhi C.O., Binding of
heavy metal ions with sulphur- containing chemically mod-
ified cellulosic material, Int. J. Environ. Anal. Chem., 32: 23
—27 (1988).

Horsefall M. (Jnr.), Spiff A. I. and Abia A.A., Studies on the
influence of mercaptoacetic acid (MAA) modification of
cassava (Manihot sculenta Cranz) waste biomass on the ad-
sorption of Cu®* and Cd*" from aqueous solution, Bull. Ko-
rean Chem. Soc., 25 (7): 969 — 976 (2004).

Eromosele 1.C., Eromosele C.O., Orisakiya J.O. and Okufi
S., Binding of chromium and copper ions from aqueous so-
lutions by Shea butter (Butyrospermum parkii) seed husks,
Bioresour. Technol., 58: 25 — 29 (1996).

Igwe J.C., Abia A.A. and Ibeh C.A., Adsorption kinetics and
intraparticulate diffusivities of Hg (II), As (IIT) and Pb (II)
ions on unmodified and thiolated coconut fibre, Int. J. Envi-
ron. Sci. Tech., 5 (1): 83 — 92 (2008).

Weber W.J. and Morris J.C., Kinetics of adsorption on car-
bon from solution, J. Sanit. Eng. Dir. Am. Soc. Cir. Eng., 89:
3160 (1963).

McKay G. and Poots V.J., Kinetics and diffusion processes
in colour removal from effluents using wood as an adsor-
bent, J. Chem. Technol. Bio. Technol., 30: 279 — 292 (1980).

Lagergren S., Zur theorie der sogenannten adsorption
geloster stoffe, Kungliga svenska vatens ka pakademiens,
Handlingar, 24: 1 — 39 (1898).

Ho Y.S., Wase D.A.J. and Forster C.F., Study of the sorption
of divalent metal ions onto peat, Adsorp. Sci. Technol., 18:
639 — 650 (2000).

Okieimen F.E. and Orhorhoro F.I., Binding cadmium and
copper ions with chemically modified cellulosic matererials,
Int. J. Environ. Anal. Chem., 24: 319 — 325 (1986).

Aksu Z., Equilibrium and kinetic modeling of cadmium (II)
biosorption by C. vulgaris in a batch system effect of tem-
perature, Sep. Purify. Tech., 121: 285 —294 (2001).

Srivastava S.K., Tyagi R. and Pant N., Adsorption of heavy
metals on carbonaceous material developed from the waste
slurry generated in local fertilizer plants, Water Res., 23:
1161 — 1165 (1989).

Abia A.A., Igwe J.C. and Okpareke O.C., Sorption kinetics
and intraparticulate diffusivities of Co (II), Fe (II) and Cu
(II) ions on EDTA-modified and unmodified maize cob, Int.
J. Chem., 15 (3): 187 — 191 (2005).

Demirbas E., Kobya M., Senturk E. and Ozkan T., Adsorp-
tion kinetics for the removal of chromium (VI) from
aqueous solutions on the activated carbons prepared from
agricultural wastes, Water SA. 30 (4): 533 — 539 (2004).



