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Abstract: Adsorption of Hg(ll) and Zn(ll) ions from a binary solution was examined using activated carbons (ACs) prepared
from a lowland bioresource waste (Theobroma cacao pod husk). The aim of the study was to determine the potential for
utilizing the plant-based ACs as a low-cost adsorbent for removing the metal ions from a binary. Batch adsorption
experimentations were conducted to evaluate the initial metal ion concentration and contact time on adsorption.
Spectroscopic studies including FTIR, elemental analysis (EA) and SEM were used for its characterization. Equilibrium data
was examined using a comparison of linear Langmuir, Freundlich and Temkin isotherm models. The Langmuir and Temkin
isotherm model provided the best fit to the experimental data for both metal ions as indicated by the values of the
regression coefficient. The kinetic rates were modeled by using the Lagergren-first-order, pseudo-second-order, Elovich and
Intraparticle model. The pseudo-first order, pseudo-second order equations and Elovich equation gave the best fit to the
experimental data. The presence of intra-particle diffusion mechanism was prominent, although it was not the sole rate-
determining step. The results showed that ACs can be effective for removing Hg(ll) and Zn(ll) ions from solution.
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1. Introduction

The increasing discharge of industrial wastewaters
containing heavy metals into the environment has been
on the increase because of rapid growth of industries.
This is a serious problem because heavy metals at high
concentrations are toxic to aquatic eco-systems causing
harmful effects to organisms living in both the marine
and fresh water environments, plants and the humans
[1].

Mercury has no beneficial biological function and
its presence in living organisms is associated with
cancer, birth defects and other undesirable outcomes
[2]. Mercury enters the human body mainly through
seafood, drinking water and inhalation of polluted air
[3]. According to the United States Environmental
Protection Agency (USEPA), the tolerance limit for Hg**
for drinking water is 1pg/L [4,5]. Hg(ll) causes damage
to the central nervous system and chromosomes,
impairment of pulmonary function and kidneys, chest
pain and dyspnea [4]. The main sources of zinc in
wastewater are anthropogenic [3]. This include wastes
discharge streams from metals, chemicals, pulp and
paper manufacturing processes, steel works with
galvanizing lines, zinc and brass metal works, zinc and
brass plating, viscose rayon yarn and fiber production
[6]. The World Health Organization recommended the
maximum acceptable concentration of zinc in drinking
water as 3.0 mg/L [7].

* Corresponding author: E-mail: meleack@yahoo.fr (Charles M. Kede)

Conventional methods for removing Hg(ll) and
Zn(ll) from aqueous solutions include sulphide
precipitation, ion exchange, alum and iron coagulation
and reverse osmosis [8]. However, Hg?* and Zn?
removal costs for most of these methods are still very
high. This has led to the intensification of research
focused on new materials and technologies that will
provide for an effective and economic removal of Hg(ll)
and Zn(ll) from aqueous solutions. Recent
developments has been on the investigation of non-
conventional adsorbents like activated carbons from
agricultural and food wastes [9], bentonite [10],
modified forms of palm shell [11], and natural and
aluminum pillared clays [12] reported to be used with
success to some extent for the removal of Hg(ll) from
aqueous solutions including waste  Fe(lll)/Cr(Ill)
hydroxide.

Besides the economic implications, the use of
agricultural by-products has many environmental
benefits [13,14]. In the cocoa producing regions of the
world (e.g. Cameroon, Cote d’lvoire and Ghana in Africa
and Brazil in the Amazon), agricultural wastes such as
Theobroma cocoa pod husk are often disposed of under
unsuitable conditions. These then rot generating bad
smells (unhygienic) with considerable negative impacts
on the landscape or provide favorable environments for
microorganisms to flourish which eventually find their
way into drinking water streams. It is postulated that
the use of activated carbons from Theobroma cocoa
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pod husk can effectively remove Hg(ll) and Zn(ll) from
aqueous solutions. Advantages linked to the use of this
kind of agricultural waste are very rewarding. Firstly, its
use would add value to an agricultural by-product since
it is disposed of as a waste. Secondly, the importance of
effective and economic removal of Hg(ll) and
Zn(ll)cannot be overemphasized here, as it is global
problem. Thirdly and finally, Theobroma cocoa pod husk
is considered a renewable resource because it can be
replenished continuously.

Cocoa pod husk represents between 70 to 75 % of
the whole mass of the cocoa fruit, i.e. 700 to 750 kg of
waste can be generated from a ton of cocoa fruit.
Nevertheless, various techniques have been developed
as alternative methods of disposal while creating
valuable products, e.g. food antioxidants [15], dietary
fibers [16], and animal feed [17]. Cocoa pod husk
possesses suitable characteristics making it a good
precursor for the preparation of activated carbons
owing to its cellulosic (41.92%) and hemicellulosic
content [18].

Kadirvelu et al. reported from a preliminary finding
that carbonized Theobroma cacao pod husk is effective
for the treatment of dyeing wastewater and for
removing of As, Cd, Cu, Cr, Hg and Ni ions from solution
[19]. Other authors have also reported the successful
removal of organics, including pesticides from aqueous
solutions [20-22].

The objective of this study was to investigate the
feasibility of using carbonized Theobroma cacao pod
husk for the removal of Hg(ll) and Zn(ll) from
wastewater by adsorption.

2. Materials and methods

2.1. Reagents and materials

All the chemicals used in the present work were of
analytical reagent grade obtained from Aldrich Chemical
Co. Deionized doubly distilled (DDD) water was used
throughout the experimental studies. Mercury and Zinc
standard solutions (1000mg/L, Atomic Spectroscopy
Standard, PerkinElmer, Inc, U.SA) were prepared by
diluting 10 mg/L in a volume of 500 mL deionized water.
Working standardswere prepared by progressive
dilution of the mercury and zinc stock solution with DDD
water.

The Theobroma cacao pod husks were obtained
from a farm in Mbele (Cameroon, 4°10°0.02”’N and
11°32°00”E). They were filtered through Whatman
paper #4 (USA) to remove suspended particles and then
stored in a laboratory fridge at 4°C until analysis.

2.2. Preparation of activated carbon

The preparation of activated carbon was carried out
according to the procedure recommended by Kede et
al. [23]. The solid residue of Theobroma cacao was
manually chosen; cleaned with deionized water, dried at
100°C for 24 hours, ground and passed through a sieve
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to obtain samples of 1-2.5 mm particle size. This raw
material was treated with ZnCl; and ZnCl>/FeCls at two
different concentrations (50 and 75%, m/m), (ZnCla,
ZnCly/FeClz solution/char, m/m) and pyrolysed in a
tubular oven (Lindberg Blue), at three different
temperatures (350, 450 and 550°C). These ratios were
selected from previous investigations [24], which
showed that the adsorption capacity increases
remarkably with increasing ZnClz/char ratio. After the
activation, the excess ZnCl, and ZnCly/FeClswere
removed with a 0.1 M solution of hydrochloric acid
(HCl), and then the product was washed with hot
distilled water until a neutral pH was reached to obtain
the sample for sorption measurements.

2.3. Characterization of activated carbons

The prepared activated carbons (ACs) from
Theobroma cacao pod husk were examined with a
scanning electron microscope (SEM) coupled to an X-ray
(EDX) analyzer. Naadsorption isotherms for pore size
distribution (PSD) and surface areawere conducted with
a Micromeritics ASAP 2010 (USA) surface area and
porosity analyzer. Analyses of adsorption and
desorption of nitrogen were conducted at 195°C. Before
the experiments, the sample was degassed at 200°c
overnight. Total surface areas were evaluated from the
BET equation [25]. External surface areas were
determined by applying the t-plot model between the
range 7-9 A [26]. Pore size distributions were
determined using both BJH methods.

The surface structure of activated carbons was
analyzed by Field emission scanning electron
microscopy (FE-SEM) and energy-dispersive X-ray (EDX).
The samples were gold coated to improve their
conductivity to obtain good images. Elemental analysis
(EA) for the carbon (C), nitrogen (N), oxygen (O), sulphur
(S) and metal content of the various samples was
carried out with the aid of the energy dispersive-X-ray
device. The instrument used to obtain SEM images of
the samples and EDS spectra was a JEOL JSM-7600F
field emission scanning electron microscope, 800 mm?,
X-Max coupled to a silicon drift energy dispersive X-ray
detector (SDD) (Oxford Instruments Ltd, UK).

2.4. Adsorption studies

Adsorption experiments were carried out

according to the procedure described in Fig.1.

3. Results and discussion

3.1. Characterization of activated carbons

In this work, one untreated Theobroma cacao pod
husk sample (GACo) and three activated carbons were
obtained as follows: (1) GACs: T= 550°C, 75% Zn for 3h),
(2) GAC:1 (T = 450°C, 50% Zn for 3h), and (3) GAC7 (T =
550°C, 50% Zn/Fe for 3h) via microwave induced 50 and
75% (w/w) of ZnCl2 and FeCls activation.
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Equilibrium adsorption studies

A constant mass of adsorbent (1 g) was weighed into
250 ml glass bottles and contacted with 50 ml of Hg**
and Zn**. solutions of different initial concentration.
The bottles were sealed and placed in a shaker until
equilibriam was reached. Upon equilibration,
samples of 4-5 ml were withdrawn from the flasks
and the adsorbents were separated from the solution
by filtered through a o0.45 pm membrane, and
analyzed to determine the residual equilibrium
liquid-phase Hg* and Zn*' concentration

Kinetic studies

Batch adsorption experiments were carried outin a
series of stoppered reagent bottles. A weighed
amount (1 g) of adsorbent was introduced into
reagent bottles (250 ml) containing various
concentrations with 50 ml agqueous solutions of
Hg** and Zn*+. After agitating the flasks for
predetermined time intervals, samples were
withdrawn from the flasks and the adsorbents were
separated from the solution filtered through a o.45
pm membrane

- The residual concentrations of Hg**and Zn** were determined by Spectroquant Pharo 300
spectrophotometer.

Fig.1.An outline of the batch adsorption experimentations undertaken.

3.1.1. Surface areas and pore sizes measurement

The Nz-adsorption isotherms at 77K for activated
carbons produced from the Theobroma Cocoa by
chemical activation are presented in Fig.2. All the
samples gave type |l isotherms, characteristic of
micropores. The adsorption isotherms show adsorption-

groups [28]. The peaks appearing at 1542.1 and 1504.6
cm™ are as a result of carbonyl groups (C=0) while the
bands appearing at 1057.7, 1128.7 and 1162 cm™ are
ascribed to the formation of sulfur functional groups
like a highly conjugated S=0.

250

desorption hysteresis, indicating the presence of ——GAC7
mesopores. Besides contributing significantly to the 200
adsorption of the adsorbate, occurrence of the
mesopores could be attributed to the interaction of
functional groups at the surface of char which favors the
evolution of molecules during the heating process of
activation, then probably creating external pores [27].
The overall porosity development determined by N»-
adsorption at 77K using BET and BJH methods are 50
shown in Table 1. From the table, it can be seen that all

the samples have surface area between 357.36 and

586.93 m?/g with highly developed microporosity. 0 02 04 0,6 08 1 12
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3.1.2. Functionalization

The Fourier transform infrared (FTIR) spectra of Fig.2. N, adsorption/desorption isotherms for Theobroma

the activated carbons are shown in Fig.3. The cacao pod husk ACs

absorption at 2958 cm™ indicates the presence of C-H

Table 1

Characteristics of the Theobroma cacao pod husk activated carbons.
ACs Sger (M?/g) St (m?/g)  Sem(m?/g)  Viora(cm3/g) Vem(cm3/g)  Sem/Seer  Deer (A)
GAC1 457.35 512.32 69.327 0.102 0.083 0.151 24.931
GACy 357.36 446.76 54.235 0.109 64.678 0.152 21.068
GACsg 586.93 777.37 133.614 0.155 0.143 0.227 42.807
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Fig.3. FTIR spectra for GAC; (A), GAC; (B) and GACs (C)

3.1.3. Surface morphology

To observe the morphology of the prepared AC
samples, SEM images are shown in Fig.4. Fig.4a shows
the micrograph for Theobroma cacao pod husk
employed as the raw material for the preparation of the
activated carbons. On one hand, the material presents a
surface morphology in the form of plates, possibly with
a low specific surface area. On the other hand, the
micrographs shown in Figs.4b-d correspond to the
materials collected after the activation process with
ZnCl; and FeCls, with the salt mixture of 50%Zn, 75%Zn
and 75%Zn/Fe, respectively, for GAC1, GACs and GACy,
respectively. These images show that the morphology of
the samples has changed after the activation process;
suggesting that surface craters were produced, which
contributes to the increase of the surface area after the
activation. From this analysis, it is clear that the
presence of zinc and iron species in the preparation of
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the samples produces “craters” with thinner walls on
the surfaces thereby creating a weaker structure.

3.2. Adsorption studies

For the practical phase of the simultaneous
adsorption of Hg(ll) and Zn(ll) ions the adsorbent with
the greatest specific surface area (GACs) was used.

3.2.1. Effect of contact time of Hg(ll) and Zn(ll)

The time necessary to reach the equilibrium of
adsorption of Hg(ll) and Zn(ll)onto (GACs) was
investigated at initial concentration of 80 mg/L. The
effect of contact time (from 0 to 120 min) on the
adsorption of Hg(ll) and Zn(ll)metal ions is presented in
Fig.5. The evolution of the adsorbed amount of metal
ions with the contact time indicates that the equilibrium
was relatively fast and was totally reached in about 90
min for the metal ions. In Fig.5, two kinetic regions can
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be observed: the first one is characterized by a high
adsorption rate and this is due to the fact that initially
the number of sites of available activated carbon is
higher and the driving force for mass transfer is greater.
Metal ions easily access first the adsorption sites. As
time progresses, the number of GACs free sites
decreases and the non-adsorbed cations in solution are
assembled on the surface, thus limiting adsorption
capacity.

3.2.2. Equilibrium isotherms

The capacity of a GAC can be described by
equilibrium sorption isotherm, which is characterized by
certain constants whose values express the surface
properties and affinity of the GAC. The adsorption
isotherms were investigated using three equilibrium
models, namely: the Freundlich, Langmuir and Temkin
isotherm models.

The Langmuir sorption isotherm has been
successfully applied to many pollutant biosorption
processes and has been the most widely used isotherm
for the biosorption of a solute from a liquid solution
[13]. A basic assumption of the Langmuir theory is that
sorption takes place at homogeneous sites within the
sorbent. This model can be written in a linear form [7].

— 10pm Tshwane 5/30/2012
WD 8.0mm 17:22:57

15.0kV SEI

(c)

Ezi 1 4___1__(je (1)
qe KLqmax qmax

Where qe(mg/g) is the equilibrium adsorption
amount on the adsorbent, Ce (mg/L) is the equilibrium
metal ion concentration, gmax (mg/g) is the maximum
adsorption capacity, and K. (L/mg) is the monolayer
adsorption capacity of the Langmuir adsorption
constant related with the free energy of adsorption.
Fig.5 indicates the linear relationship between the
amount (mg) of Hg(ll) and Zn(ll) ions sorbed per unit
mass (g) of activated carbons derived from Theobroma
cacao pod husk against the concentration of Hg(ll) and
Zn(Il) ions remaining in solution (mg/L). The coefficients
of correlation (R?) were found to be 0.970 and 0.997 for
Hg(ll) and Zn(Il) adsorption, respectively. These results
indicate that the adsorption of the metal ions onto
activated carbons derived from Theobroma cacao pod
husk fitted well the Langmuir model. In other words, the
sorption of Hg(ll) and Zn(Il) ions onto activated carbons
derived from Theobroma cacao pod husk was taken
place at the functional groups/binding sites on the
surface of the GAC which is regarded as monolayer
biosorption. The K. value was found as 0.029 L/mg for
Hg(ll) ion and 0.007 L/mg for Zn(ll) ion.

10pm Tshwane 5/30/2012
SEM WD 8.3mm 13:56:26

. S

— 10pm Tshwane 5/30/2012

15.0kV SEI LM WD 8.0mm 18:13:32

(d)

Fig.4. SEM images of GACo (a), GAC; (b), GAC; (c) and GACs (d).
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Fig.5.Kinetic curves of contact time on Hg(ll) and Zn(ll)
adsorption onto GACs from an aqueous solution
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Fig.6. Langmuir adsorption isotherm for removal of Hg(ll) and
Zn(ll) onto GACs at room temperature.

e

The Freundlich model assumes a heterogeneous
adsorption surface and active sites with different
energy. The model can be expressed as [29]:

log(ij =logK, + llog C,

where Kr (mg/L)(L/g)¥"is a constant relating the
adsorption capacity and 1/n is a constant depicting the
adsorption intensity, which varies with the
heterogeneity of the material (Fig.7). The values of
Krand 1/n were found to be 1.323 and 0.583 for Hg(ll)
adsorption and 0.426 and 0.878 for Zn(ll) adsorption.
The 1/n values were between 0 and 1 indicating that the
adsorption of Hg(ll) and Zn(ll) onto activated carbons
derived from Theobroma cacao pod huskwas favorable.
However, the R?values were found to be 0.892 for Hg(ll)
adsorption and 0.998 for Zn (ll) adsorption. These
results indicate that the Freundlich model was not able
to adequately to describe the relationship between the
amounts of sorbed metal ions and their equilibrium
concentration in the solution for Hg(ll) but fitted well
for Zn(ll).
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The Temkin isotherm contains a factor that
explicitly takes into account of the adsorbent-adsorbate
interactions. In this equation, it is assumed that,
because of these interactions and ignoring very low and
very large concentration values, the heat of adsorption
of all molecules in the layer would decrease linearly
with the coverage [29]. The Temkin model is written as:

3)

The parameters calculated from Temkin's linear
model (Fig.8) are: Ar= 0.639L/gfor Hg(ll), Ar= 0.529L/g
for Zn(ll) and B = 2.816 kJ/mol for Hg(ll), B = 3.247
kJ/mol for Zn(ll), indicating that the adsorption of Hg(ll)
and Zn(ll) onto activated carbons derived from
Theobroma cacao pod husk occurred via physisorption.
The constant B in Temkin isotherms are less than 8
ki//mol, so the mechanism involved is physical
adsorption. In the physisorption process, the adsorbates
adhere to the adsorbent through a weak Van Der Waals
interactions and thus this process is associated with
relatively low adsorption energies [30].

ge=BIn Ar+ B InCe

149 & Hg(l) mzn(ll)
1,2

1 /
08 -
0,6 A

In(a.)

04 -

0 | /.I/./.I/.
./cﬁ 1,2 15

0,2 A

0|6
0,2

-0,4 In(C,)

Fig.7. Freundlich adsorption isotherm for removal of Hg(ll) and
Zn(ll) onto GACg at room temperature.

@ Hg(l)

B

O T T T 1
1,2 1,5 1,8

In(C.)

| Zn(l1)

Fig.8.Temkin adsorption isotherm for removal of Hg(ll) and
Zn(ll) onto GACg at room temperature.
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3.3 Kinetic Studies

Kinetic study of process is necessary to obtain
information about the adsorption mechanism, which is
crucial for the practicality of the process. The
mechanism of the adsorption process depends on the
physical and chemical characteristic of the adsorbent
and adsorbate.

3.3.1 Pseudo-first order model

The pseudo-first order rate equation was proposed
by Lagergren and is widely used for the adsorption of
liquid/solid system [31]. The linear form of Pseudo-first
orderequation is expressed as:

kyt
2.303

log(q, —q,) =logq, —
(4)

Where ki (min) is the rate constant of pseudo-first
order equation. ge and q: are the adsorption capacity at
equilibrium and at time t(min), respectively. Slope and
intercept of the straight line plot log(qe—qt) vs t give the
values of ki and ge respectively. The pseudo-first order
plots for Hg(Il) and Zn(lIl) are shown in Fig.8. The values
of ki for Hg(ll) and Zn(Il) obtained from the straight line
plot were 0.040 and 0.028 min?, respectively. The
values of regression coefficients (Table 2) were 0.970
and 0.985, which suggested that plots for Hg(ll) and
Zn(ll) were linear over a wide range of initial
concentrations. Therefore, pseudo-first order kinetic
model described well Hg(ll) and Zn(ll) onto activated
carbons derived from Theobroma cacao pod husk.

1 -
@ Hg(ll)
0,5 - mZn(ll)
EJ O T T T 1
% 20 40 100
-0,5
-1 4
4
-1,5 A
Time (min)

Fig.8. Pseudo-first order kinetic plots for Hg(Il) and Zn(ll) onto
GACs at room temperature.

Table 2

3.3.2. Pseudo-second order model

The metal species are held at appropriate ion-
exchange sites on the surface by chemical bond
formation. Pseudo-second order model [32,33] suggests
that both number of adsorption sites on the material
surface and concentration of adsorbate ions in the
liquid phase determine the rate. The linear form is:

M)

where h = kaqe? and kz are initial and overall rate
constants for adsorption which can be calculated from
slope and intercept of plot t/g: vs t. Pseudo-second
order plots for Hg(ll) and Zn(ll) are shown in Fig.9. k; for
Hg(ll) adsorption was found to be 0.016 mg/g:min and
smaller than initial rate constant, h = 0.575 mg/g'min.
This showed that the rate of Hg(ll) adsorption was much
faster at the beginning and slowed down with the
passage of time. The regression coefficient values (Table
2) for Hg(ll) and Zn(Il) were 0.998 and 0.975, which
indicated a better suitability of pseudo-second order
kinetics in the adsorption process, as compared to
pseudo-first order model. Thus Hg(ll) adsorption
followed pseudo-second order kinetics, whereas Zn(ll)
adsorption followed partially pseudo-first order and
pseudo-second order kinetics [34,35].

(5)

25 -
20 A
15 A
o3
> - @ Hg(1)
10 1 = Zn(ll)
5 {4
O T T T T 1
0 30 60 90 120 150
Time (min)

Fig.9. Pseudo-second order kinetic plots for Hg(ll) and Zn(Il)
onto GACg at room temperature.

Kinetics parameters for Hg(ll) and Zn(ll) adsorption onto Theobroma cacao pod husk activated carbons.

Model Lagergren Pseudo second order Intra-particle Diffusion | Elovich kinetic model
k1 k2 h K
R? R2 " R2 B a R2
(min™) (g/mg.min) (mg/g.min) (mg/gmin®?)
Hg(I1) 0.040 0.970 0.006 0.975 0.167 1.384 0.956 | 0.950 1.853 0.995
Zn(ll) 0.028 0.985 0.016 0.998 0.571 0.089 0.923 | 0.622 0.673 0.990

27
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3.3.3. Elovich kinetic model

Elovich kinetic relationship, developed by is
suitable to describe second order kinetics assuming that
the solid surfaces are energetically heterogeneous.
Thus, the model describes the rate of chemical
adsorption on energetically heterogeneous surface
[30,36]. The mathematical relationship in linearized
form is:

ge= 1/B In(aB) + 1/B Int (6)

where a is the initial adsorption rate (mg/g'min) and B
(g/mg) is the desorption constant during any one
experiment. The initial adsorption rate a and the
desorption constant B were calculated from slope and
intercept of straight line plot between g: and In(t) for
Hg(Il) and Zn(ll) ( Fig.10). a value for Hg(ll) was found to
be 1.895 mg/gmin, which was greater than B value
(0.950 g/mg); therefore, the rate of adsorption was
much higher than the rate of desorption. This showed
the viability of adsorption process. On the other hand,
for Zn(Il), avalue was 0.673 mg/g.min, which was higher
than B (0.622 g/mg); therefore, the rate of adsorption
was again much smaller than desorption. Thus a and B
values showed the viability of Hg(ll) and Zn(ll)
adsorption onto GACs. High regression coefficients of
0.995 and 0.990 (Table 3) for Hg(ll) and Zn(ll) indicated
well fitting of adsorption data to Elovich kinetic model.

6 -

@ Hg(l)

m Zn(ll)

q, (mg/g)

In (t)

Fig.10.Elovich kinetic plots for Hg(ll) and Zn(Il) onto GACs at
room temperature.

3.3.4. Intra-particle diffusion

Once adsorbed on the surface, solute particles
diffuse into the pores on the surface of adsorbent and
form bonding, which may be the rate determining step
[37,38]. Weber and Morris intra-particle diffusion model
is given:

D 1/2
g=f]—| =kt
r
P (7)
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where kw (mg/g'min'?) is the rate constant for intra-
particle diffusion.kw can be found from slope of plot Ing:
vs Int. For an adsorbing system the straight line should
pass through the origin and the intercept value provides
an idea about the deviation from intra-particle diffusion
model or contribution of the film diffusion mechanism
[37-39]. kw for Hg(ll) and Zn(ll) adsorption were
observed to be 1.384 and 0.089 mg/g.minY/?2 (Fig.11).
The regression coefficients for Hg(ll) and Zn(ll) were
0.956 and 0.923; therefore, plots were straight line but
did not pass through the origin and had intercepts 0.325
and -2.417, which suggested that adsorption of Hg(ll)
and Zn(ll) did not depend on intra-particle diffusion
step. The intra-particle process depends on the size of
the particle to be adsorbed and size of the pores on the
surface of adsorbent. Therefore, in the present case,
size of Hg(ll) and Zn(ll) ions should be larger than the
size of pores on the adsorbent.

2,5 -
5 @ Hg(ll) mzn(ll)
1,5 -

1 _

0,5 - u

In (a)

0 T T T 1

0|5 1 2,5
-0,5 1

-1 A

-1,5 A

-2 A In (t)
Fig.11. Intra-particle diffusion plots for Hg(ll) and Zn(ll) onto
GACs at room temperature.

4, Conclusion

The aim of this work was to investigate the removal
of Hg(ll) and Zn(Il) ions from aqueous solutions by using
activated carbons derived from lowland bioresource
material (Theobroma cacao pod husk). Optimal removal
conditions for both metals were determined with batch
experiments. Simultaneous adsorption of Hg(ll) and
Zn(ll) ions reached equilibrium faster (within 90 min.).
Experimental results were evaluated with Langmuir,
Freundich and Temkin isotherms. In addition to higher
values of correlation coefficients, monolayer capacities
(V) determined from Langmuir isotherm and adsorption
intensities (n) determined from Freundlich isotherm
indicate appropriateness of Langmuir and Freundlich
isotherms for both metals. In Temkin isotherm, it was
stated that adsorbate/adsorbate interactions are
weaker for zinc removal due to smaller values of Temkin
constant (A). Pseudo-first-order, pseudo-second-order
and Elovich model reaction kinetic has provided a
realistic description for removal of Hg(ll) and Zn(ll).
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