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ABSTRACT
The aim of this study is to conduct comprehensive studies of Cd (II) ions removal using a low-cost locally
available adsorbent which is from agricultural waste. Batch adsorption experiments were conducted for the
adsorption of Cd (II) ions from aqueous solution using palm oil fly ash (POFA). The parameters studied include
contact time, pH, adsorbent dosage and adsorbate initial concentration. The results showed that the adsorption of
Cd (II) ions was very fast initially and equilibration time was achieved after 210 min of contact time. The
optimum pH was obtained at pH 9.0. High pH (≥ 9.0) favours the adsorption and removal of Cd (II) ions from
aqueous solution. As the adsorbent dosage increased, the removal of Cd increased, whereas the adsorption
capacity decreased. Higher initial concentration led to lower removal percentages but higher adsorption
capacity. The adsorption behavior of Cd (II) ions fitted Langmuir and Freundlich isotherms well, but followed
Langmuir isotherm more precisely, with a maximum adsorption capacity and R2 value of 15.823 mg/g and 1.0
respectively. The applicability of Langmuir isotherm suggested the formation of monolayer coverage of Cd (II)
ions at the outer surface of the adsorbent. Therefore, this study demonstrated that POFA could be used
successfully for adsorption of Cd (II) ions from aqueous solution.
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INTRODUCTION
Nowadays, heavy metals are amongst the most serious pollutants that becoming a severe public health
problem [1]. The increasing use of heavy metals over the past few decades has inevitably led to an increased
flux of metallic substances in the environment [2]. Apparently, increasing concentration of heavy metals can
cause severe health hazard due to their toxicity, cannot be readily degraded and persistent in nature particularly
when it exceeds the permissible limits [3]. Non-essential heavy metals such as cadmium, lead and copper are
dangerous for living organisms because they tend to bio-accumulate and in time they cause serious effects to the
human health [4]. Cadmium (Cd) is considered to be an extremely toxic metal without known biological
function. Cd has been recognized as one of toxic metals and toxicological studies have shown that in long-term
effects from cd poisoning includes kidney damage and changes to the constitution of the bone, liver, and blood.
Short-term effects include nausea, vomiting, diarrhea, and cramps [3, 5].
Presently, different treatment technologies are available to remove heavy metals from aqueous solution.
Several conventional methods such as chemical precipitation, coagulation, reverse osmosis, ion exchange,
membrane filtration, oxidation, air stripping, and adsorption have been applied for various wastewater treatment
[3, 6]. Apparently, among numerous clean-up techniques for contaminated water, sorption techniques have been
proposed as a promising technique used for the removal of diverse contaminants, simple, easy to operate, and is
highly effective in removing heavy metals from effluents either with high solute loadings or dilute
concentrations [2, 7]. Adsorption of heavy metals using conventional adsorbents such as commercialized
activated carbon has been used widely in many applications as an effective adsorbent. However, the high cost of
the activation process limits its use in wastewater treatment applications [8-10]. Therefore by using agricultural
wastes as low cost adsorbents, are seen as an innovative solution that is both efficient and economical.
The use of by products derived from agricultural wastes as low cost adsorbents to remove organic or
inorganic contaminants would be most ideal since these materials are available in abundance in many countries
[9, 11]. Malaysia is one of the main palm oil producers in the world that annually produces more than 18 million
tons of palm oil production [12]. With the growth of palm oil production in Malaysia, the amount of residues
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generated also shows a corresponding increase. Palm oil fly ash (POFA) is produced after combustion of oil
palm fiber and shell as boiler fuel to produce steam for palm oil mill consumption [12-13]. POFA is enriched
with porous materials that contain large surface area and pore volume which has excellent adsorption properties.
Chemical composition of POFA has shown that it contains high amounts of aluminosilicates compounds and
presence of calcium oxide as it can assist in providing adequate negatively charged sites for cation exchange
reaction to take place with toxic heavy metals present in aqueous wastewater during treatment. Moreover, the
alkaline nature of fly ash makes it a good neutralising agent [1, 14-15].
As an alternative way to utilize its function, the application of these biomasses for value-added
purposes such as in the removal of various heavy metals has to be explored and needs further investigation. In
order to enhance the value of this material, POFA could be transformed into a low cost absorbent for the
removal of heavy metals in wastewater treatment industry [12, 13, 16]. Apart from that, the abundance and
cheap supply of the biomass materials will justify their use as potential adsorbents for the removal of different
pollutants [17]. Therefore, the objective of this research was to conduct a series of batch adsorption experiments
to investigate and explore the feasibility of palm oil fly ash (POFA) as a low cost adsorbent for removal of Cd
(II) ions from aqueous solutions. In the present studies, the adsorption characteristics of Cd (II) ions onto POFA
were investigated under varying experimental conditions, such as contact time, pH value, dosage level and
initial concentration.

MATERIALS AND METHODS
Preparation of adsorbent and synthetic wastewater
Palm oil fly ash was provided by the Faculty of Environmental Studies, Universiti Putra Malaysia.
Before prior to usage, the palm oil fly ash (POFA) were dried at 105 °C for 24 hours. The entire chemicals
utilized in the study were of analytical grade. Stock solution of Cd (II) ions with a concentration of 1000 mg/L
was prepared by dissolving cadmium nitrate tetrahydrate Cd (NO3)2.4H2O (analytical reagent grade) in
deionized water. The desired range of concentration of the metal components prepared from stock solution was
varied between 10 and 200 mg/L by making fresh dilutions for each sorption experiment prior to usage.
Batch adsorption studies
All adsorption experiments were performed on an orbital shaker at 200 rpm for agitation purpose in order
to keep the media in suspension. Series of adsorption experiments were carried out at room temperature (31 ±
2°C). The first experiment was to investigate the effect of adsorbent equilibrium contact time. Cd (II) solution
(50 mL, 150 mg/L) and 0.5 g of POFA were added into the flasks and then agitated at 200 rpm at different
interval contact times ranging from 30 and 300 minutes.
The second experiment was to study the effect of pH values throughout the adsorption process. The pH
values of Cd (II) solutions were adjusted to 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0 and 12.0 respectively with
the aid of HNO3 (0.1 M) or NaOH (0.1 M) solutions. Then (50 mL, 150 mg/L) of Cd (II) solutions and 0.5 g of
POFA were added into the flasks and then agitated at 200 rpm at pre-determined equilibrium contact time based
on the first experiment. The third experiment was to investigate the effect of different adsorbent dosage.
Different dosage of POFA ranging from 0.1, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 grams respectively, are added
into the flasks containing Cd (II) solution (50 mL, 150 mg/L) and then agitated at 200 rpm at pre-determined
contact time and optimum pH value.
The fourth experiment was to study the isotherm and the effect of initial Cd (II) concentration.
Solutions of Cd (II) at different concentration of 10, 50, 100, 150 and 200 mg/L were prepared and then treated
as the procedure in the previous experiment. All solution samples were separated from the adsorbent using a
syringe and filtered using 0.45 μm nylon syringe filter, then 10 ml of reactant were extracted from the conical
flasks prior for Cd (II) analysis using Inductively Coupled Plasma Mass Spectrometry (Perkin-Elmer, ICP-MS
ELAN DRC-e). All methods were adapted from the standard methods for the examination of water and
wastewater [18]. All tests were conducted in triplicate prior to every experiment to obtain a more accurate and
consistent results.
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Percentage of removal and adsorption capacity
The removal percentage (A %), the amount of adsorbate adsorbed per unit mass of adsorbent at time t (qt,
mg/g), and the amount of adsorbate adsorbed per unit mass of adsorbent at equilibrium (qe, mg/g), were
calculated from the following equations:
A% =
qt

x 100

=Vx

qe = V

x

(1)
(2)
(3)

where C0 and Ce (mg/L) are the initial and the final concentrations of adsorbates in flasks, respectively, Ct
(mg/L) is the concentrations of adsorbates at time t. V is the volume of the solution (L) and ms is the mass of
dry adsorbent used (g).
Adsorption isotherm models
The adsorption equilibrium data of Cd (II) on POFA were analyzed in terms of Langmuir and Freundlich
isotherm models. The linear form of Langmuir’s isotherm model is given by the following equation:
(4)
Here, qe is the amount of equilibrium uptake (mg/g), Ce is the equilibrium cation concentration in
solution (mg/L), qm is the maximum monolayer adsorption capacity of the adsorbent (mg/g), and b is the
Langmuir adsorption constant (L/mg) related to the rate of adsorption.
The Freundlich isotherm equation can be written in the linear form as given below:
(5)
Whereas k is constant related to overall adsorption capacity (mg/g) and n are the Freundlich constants
that are related to the adsorption capacity and intensity, respectively. The Freundlich constants k and n can be
calculated from the slope and intercept of the linear plot, with log qe versus log Ce.
Scanning electron microscope (SEM) and Energy-dispersive X-ray spectrometry (EDS) analysis
In the experiment, scanning electron microscopy examination was performed by using (SEM, Hitachi
model S-3400N) to obtain the surface morphologies of POFA and to identify the presence of porosity. Fig. 1
shows the SEM micrographs of POFA morphological structure and indicates that the surface was porous in
nature. SEM shows there is presence of pore on the surface of the adsorbent. Pore size distribution also affects
the efficiency and selectivity of the adsorption process. Prior to the experiment, the composition of POFA used
in the experiment was determined by an energy-dispersive X-ray spectrometry (EDS) detector that is attached
along with the scanning electron microscope. Table 1 show the chemical composition and characteristics of
POFA used for the adsorption studies. Higher carbon content can be observed that indicate the raw POFA
structure itself is consist of porous carbon. The oil palm ash was found to contain amount of silica, potassium,
and alumina that can be utilized to synthesize active compounds that are responsible for adsorption of various
pollutants on the surface of adsorbents [12, 19].
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Table 1: Chemical composition and characteristics of POFA used for adsorption studies.
Chemical properties
Element component

Percent by weight %

C

59.82

O

31.38

Mg

0.74

Al

2.34

Si

1.98

P

0.28

Cl

0.74

K

2.72

Total

100.00

Fig. 1: Scanning electron micrographs (SEM) of POFA morphological structure.

RESULTS AND DISCUSSIONS
Effect of contact time
In the first experiment, the effect of different contact time was evaluated in order to identify the efficacy
and feasibility of the adsorbent for its use in removal of Cd (II) ions. This is due to the development of charge
on the surface of adsorbent is also governed by the contact time [20]. Apart from that, contact time was also
considered as one of the major parameters that influence the adsorption capacity. Fig. 2 illustrates the effect of
equilibrium contact time on the adsorption capacity and rate of Cd (II) ions uptake onto POFA.
The removal of Cd (II) ions increase rapidly during the first 30 min of the experiment. Afterwards, the
removal adsorption rate was at a slower pace corresponding to contact time before reaching a plateau value at
minutes 210 and can be considered to be remained constant from that point onwards. It is readily apparent from
the figure that significant removals of the adsorbent occurred in minutes 210 and no appreciable changes in
terms of removal were noticed afterwards. Thus, equilibration time was considered to be 210 min, which was
considered as sufficient for the removal of Cd (II) ions using POFA. The concentration of Cd (II) ions was
reduced from 150 mg/L to 7.332 mg/L after a 210 min contact time. Meanwhile, the amount of adsorbed Cd (II)
ions by POFA from an initial concentration of 150 mg/L after a 210 min of equilibration time was 13.3721
mg/g.
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From the observation, adsorptions rates were initially high at the beginning of the experiment due to
high number of sites available for the sorption process. The changes in the rate of removal are due to the
availability of vacant sites on the adsorbent. Consequently the adsorption of Cd (II) ions on the binding site of
the adsorbent will result in the vacant site to be occupied thus significantly decreased the removal rate towards
the end of the experiments. These indicate a possible monolayer of pollutant ions on the outer surface and pores
of both adsorbent. Apart from that, continuous agitation results in pore diffusion onto the inner surface of
adsorbent particles through the monolayer film. Therefore the contact time was set to 210 min in the following
experiments to ensure adsorption equilibrium.

Fig. 2: Effect of contact time on adsorption of Cd (II) ions using POFA.
Effect of pH
The pH value plays an important role in the whole adsorption process and particularly on the
adsorption rate. Fig. 3 shows the effect of pH on the adsorption of Cd (II) ions using POFA. The adsorption
capacity of POFA increased slowly from pH 3 and achieved its optimum rate at pH value of 9. The result shows
that the residual of Cd (II) ions (Ce) and the adsorption capacity (qe) obtained were 5.864 mg/L and 14.413 mg/g
respectively at pH 9. Mainly the adsorption of Cd (II) ions was low at acidic condition. These was due to the
acidity medium could affect the metal uptake of the adsorbent due to higher presence of H+ that compete with
Cd (II) ions for active binding sites onto the adsorbent surface [15]. From the observation, at higher pH (> 9.0),
the adsorption of Cd (II) ions was nearly constant and no significant change can be observed.
Apparently, when pH value was < 5.0, a significant electrostatic repulsion exists between the positively
charged surface and the cationic Cd (II) ions, which inhibits the adsorption of Cd (II). This phenomenon can be
explained due to higher concentration of H+ in the solution competes with Cd (II) ions for binding sites on the
surface of POFA, resulting in the reduced uptake [22]. The increase in adsorption corresponding to pH can be
attributed to the fact that the positively charged metal cations are repulsed less by the oxide surfaces at higher
pH values. As the pH of the medium increases, the number of positively charged sites decreases and the number
of negatively charged sites increases on the surface of adsorbents. Obviously, a negatively charged surface site
favours the adsorption of cationic Cd (II) ions due to electrostatic attraction [2]. Therefore, it can be stated that
the optimum pH for the removal of Cd (II) ions using POFA was obtained at pH 9 and was used in the following
experiments in order to obtain optimum removal efficiency.
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Fig. 3: Effect of pH on adsorption of Cd (II) ions using POFA.
Effect of adsorbent dosage
The effect of variation of adsorbent dosage was also examined for cadmium solutions of 150 mg/L
concentration at fixed equilibration time of 210 min and optimum pH values of 9. Fig. 4 shows the effect of
adsorbent dosage variation on the removal and adsorption of Cd (II) ions using POFA. A trend of increment in
the removal percentage (A%) corresponding to adsorbent dosage was observed. As the adsorbent dosage
increase so does the A% until it reach a certain dosage where the A% become constant or a plateau value was
obtained.
The A% increased from 0.1 to 3.0 g of dosage, but a slower removal pace was observe as the adsorbent
dosage increase > 3.0 g. It is plausible to suggest that with higher dosage of adsorbent there would be greater
availability of exchangeable sites for the adsorbate [8]. Nevertheless, at adsorbent dosage > 3.0 g, the
incremental Cd (II) ion removal becomes very low as the surface metal ions concentration and the solution
metal ions concentration come to equilibrium with each other [2-3] resulting a slower uptake onto POFA.
Meanwhile, the decrease in qe with increase in the adsorbent dosage is mainly due to the unsaturation of
adsorption sites through the adsorption reaction. Another reason may be due to the particle interactions, such as
aggregation, resulting from high sorbent concentration. Such aggregation would lead to a decrease in the total
surface area of the adsorbent [2, 22].

Fig. 4: Effect of adsorbent dosage variation on the removal and
adsorption of Cd (II) ions using POFA.
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Effect of initial concentration
The effect of initial concentration on the adsorption of Cd (II) ions by POFA was investigated with
varying solution concentrations (10, 50, 100, 150 and 200 mg/L) using 0.5 g adsorbent dosage. As expected,
based on Fig. 5 the amount of Cd (II) ions adsorbed at equilibration time and optimum pH shows that with
increasing of solution concentration, qe increased, whereas A% decreased. The rate at which cadmium ions pass
from the bulk solution to the particle surface is proportional to the increasing of mass transfer driving force.
Similar results were reported for adsorption of Cd from aqueous solution [2, 23-24]. The Cd uptake mechanism
is particularly dependent on the initial concentration; at low initial solution concentration, the surface area and
the availability of adsorption binding sites were relatively high, thus the Cd (II) ions were easily adsorbed and
removed. Meanwhile, at higher initial solution concentration, the total available active sites are limited, thus
resulting in a decrease in A% of Cd (II) ions [2]. The increased in qe at higher initial concentration can be
attributed from the enhancement of driving force.

Fig. 5: Effect of initial concentration on the removal and
adsorption of Cd (II) ions using POFA.
Adsorption isotherms
The adsorption studies were conducted at a fixed adsorption contact time (210 min), optimum pH of 9,
and 0.5 g of adsorbent dosage by varying the solution concentration. The equilibrium data were analyzed using
Langmuir and Freundlich (Eqs. 4 and 5) in order to obtain the best fitting isotherm. The isotherms for adsorption
using POFA were shown graphically in Fig. 6. Meanwhile the isotherm parameters for both isotherms were
listed in Table 2. All the plots showed a straight line, indicating that the adsorption of Cd (II) ions follows both
isotherms well. Comparison of coefficients indicates that the Langmuir isotherm fitted more precisely (R2=1)
than the Freundlich isotherm (R2=0.8184) for adsorption using POFA. The basic assumption of Langmuir
adsorption isotherm is based on monolayer coverage of the adsorbate on the surface of adsorbent [25-26], which
is an indication of the fact that the adsorption of Cd (II) ions onto POFA generates monolayer formation.

POFA
Cadmium (Cd)

Table 2: Langmuir and Freundlich isotherm constants and correlation coefficients
Langmuir isotherm coefficients
Freundlich isotherm coefficients
q₀ (mg/g)

b (L/mg)

R²

K

1/n

R²

15.823

1.780

1

2.187

0.372

0.818
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Fig. 6: Langmuir (a) and Freundlich (b) adsorption isotherms of Cd (II) ions using POFA.

CONCLUSIONS
In this study, batch adsorption experiments for the adsorption of Cd (II) ions from aqueous solution
have been carried out using POFA as low cost adsorbent. The adsorption characteristics have been examined at
different contact times, pH values, adsorbent dosage levels and initial Cd (II) ion concentrations. The results
obtained in this study clearly demonstrated that adsorption rate of Cd (II) ions was very fast initially in the first
30 min and more than 80% of total Cd (II) ions were removed within that period. Meanwhile, the adsorption
capacity (qe) increased slowly corresponding to contact time before reaching a plateau value after the contact
time of 210 min. Thus, equilibration time was considered to be 210 min, which was considered as sufficient for
the removal of Cd (II) ions using POFA.
The optimum pH for the removal of Cd (II) ions using POFA was obtained at pH 9.0. Generally, the
adsorption capacity of Cd (II) ions by POFA increased with an increase in the pH values of the adsorbate
solution. Apparently an increase in dosage of adsorbent led to increase in Cd (II) ions removal but decrease in
adsorption capacity (qe). With an increase in initial Cd (II) ion concentration, adsorption capacity of Cd (II) ions
by POFA increased but the removal percentage (A%) of Cd (II) ions decreased. Langmuir adsorption model was
better fitted for the adsorption of Cd (II) ions than Freundlich isotherms using POFA. The highest monolayer
adsorption capacity obtained was 15.823 mg/g for adsorption of Cd (II) ions by POFA at equilibration time of
210 min and optimum pH of 9.0. In conclusion, studies on batch adsorption indicate that POFA has a excellent
potential for the removal of Cd (II) ions from aqueous solution.
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