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Activated carbon from coconut shell was prepared to investigate the removal of zinc from palm oil
mill effluent (POME). The reduction of zinc is significant to protect the ecosystem. The effect of
temperature on the adsorbent was observed from the thermo gravimetric analysis while the
decomposition of the lignocellulosic structure of the adsorbent was observed at 385 °C. A total mass
loss of 38.87% was observed. The Fourier-transform infrared spectroscopy used for the chemical
characterization illustrated that hydroxyl, carbonyl, ether and aromatic compounds were the major
functional groups that contributed on the presence of oxygen at the available active sites on the
adsorbent. This finding supported the result of the thermo gravimetric analysis of the lignocellulosic
structure of the material. The adsorption equilibrium onto the coconut shell activated carbon was
carried out to investigate the experimental data. The experimental data was fitted into the three
isotherm models (Langmuir, Freundlich and Temkin) and from the findings, data was fitted most to
the Temkin isotherm with a correlation coefficient of 0.9705. Adsorption efficiency of the activated
coconut shell was obtained at 98.04%. This result explained the adsorbate —adsorbent interaction
and the effect of heat energy on the adsorption process. The coconut shell activated carbon showed

to be a very effective adsorbent for the removal of zinc from POME.

Keywords: Adsorption, isotherm, equilibrium, efficiency, coconut shell, zinc

© 2019 Penerbit UTM Press. All rights reserved

INTRODUCTION

The discharge of untreated wastewater to water bodies and the
environment is a major practice in most of the developing countries in
the world. The presence of heavy metals in the ecosystem is
considered to be hazardous and imposed major health risks. The effect
of discharge of this polluted water to the environment is the cause of
diseases while the consumption by human and animal is of utmost
concern to researchers (Gani et al., 2017). The main challenge faced
by researchers is the difficulty in effective treatment of high strength
wastewater containing heavy metals at minimal effluent concentration
due to both economic and technical deficiencies. Zinc is presented in
POME and considered harmful by researchers if it is discharged to the
environment without proper treatment.

Adsorption is a very effective mechanism of processing
wastewater before discharge. The process of adsorption is efficient in
terms of cost, very effective treatment and it produces high-quality
effluent. Activated carbon is proven to be widely used for adsorption
of wastewater. The cost of commercial activated carbon is very
expensive and hence, it is not economically suitable for research
activities (Abdul Rahman et al., 2016). Therefore, the use of locally

made materials to serve the purpose of activated carbon have been
used over the years for research. Some of the materials include maize
cob (Satish Kumar ef al., 2009), banana peel (Lv ef al., 2012; Aziz et
al., 2018), rice husk (Dada et al., 2012), wood (Ma et al., 2014), cow
bones (Latiff et al., 2015; Adeleke ef al., 2016; Adeleke et al., 2017)
and peat (Rosli et al., 2017).

These materials have been processed as activated carbon and used
as effective replacement of commercial carbon either as single or
composite adsorbents for wastewater treatment (Sekar et al., 2004).
Efforts have been made by using coconut shells for the treatment of
wastewater (Amuda et al., 2007; Shen et al., 2010). The effectiveness
of coconut shell carbon is due to its lignocellulosic characteristics and
very viable functional groups such as carboxyl and hydroxyl groups
that having high tendency for exchangeable ion (Katesa et al., 2013).
However, the use of coconut shell activated carbon for the treatment
of heavy metal of palm oil mill effluent (POME) has rarely been
reported in the literature. Therefore, the inclusion will enhance
knowledge and offer an alternative treatment method of POME.

The objective of our present study was to investigate the removal
of zinc as primary treatment from POME using low-cost coconut shell
carbon as adsorbent.
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EXPERIMENTAL

Adsorbate

Raw sample of POME was collected in a 20L plastic container
and transported to the laboratory. The method of storage and
preservation was referred to (APHA 2005; Mohamed ef al., 2018).

Adsorbent

Coconut shells were obtained at Klan Hoe plantation Kluang,
Johor, Malaysia. The fruits were washed and dried at 110°C for two
days. The dried samples were heated in the furnace at 250°C for 2h.
The char produced was activated at 850°C for 2h. The carbon obtained
was dried at 110°C for 24h. The activated carbon produced was
stored in a tightly packed container.

Batch adsorption study

A batch study was conducted to determine the extent of reduction
of zinc ion from POME by using the prepared adsorbent. The
experiment was conducted using 250ml conical flasks; 100ml of the
adsorbate was placed in the flasks at different adsorbent dosages (5-
30g/100ml) of adsorbate at 30°C. The pre-determined conditions used
for the investigation were pH 7, 105 minutes contact time, 150 rpm
shaking speed and 150 um particle size. Each of the conical flasks
was removed after the end of each contact time. The mixture was
separated using 0.45 pm membrane filter.

The investigation of the sorption of the zinc ion was achieved by
using the atomic absorption spectroscopy Aanalyst Perkin Elmer. The
amount removed was calculated as following:

e

(Co—Ce

= ) x 100% (1)

Where ge is the equilibrium uptake (mg/g), 7 is the volume of solution
(L), G, is the initial concentration of zinc ion in adsorbate (mg/L) and
Ce is the final equilibrium concentration (mg/L).

Isotherm studies

The application of adsorption isotherm models was to determine
the interaction between the adsorbate and adsorbent. This process is
very useful to determine the sorption mechanism and the surface
characteristics of the prepared adsorbent. In this study, the Langmuir,
Freundlich and Temkin Isotherms were used. An expression of
Langmuir isotherm was given by adsorbate. The expression of
Langmuir model was given by:

dmaxKp c,

Qe = 7. . @
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Where g is the quantity of adsorbate adsorbed per unit mass of
adsorbent (mg/L), C. is the equilibrium liquid phase concentration of
the adsorbate (mg/L), gmar is the Langmuir constant that expresses
maximum mono layer adsorption capacity (mg/g) and K is the
Langmuir constant that expresses the rate of adsorption.

The expression of the Freundlich model was given by:
ge = KjCeI/ﬂ (3)

Where q, is the quantity of adsorbate per unit mass of the adsorbent
adsorbed (mg/L), Kr is the coefficient of the distribution of the
adsorbent adsorbed per unit equilibrium concentration expressed as
(mg/g (L/mg) and M describes whether the adsorption n process is
favourable.

Also, the Temkin isotherm was expressed as:

ge =BIn K1 + BInC. 4)

Where g, is the quantity of adsorbate per unit mass of the adsorbent

adsorbed (mg/L), K7 is expressed as L/g, B In (K7) as the intercept
and C. is the equilibrium liquid phase concentration of the adsorbate
(mg/L).

A linear plot of 1/Ce versus 1/g. was used to express Langmuir
isotherm where qmax is the maximum adsorption capacity (mg/g)
while b is the Langmuir constant known as the energy of adsorption
(L/g). Also plot of Inqe against /nC. was expressed as the Freundlich
isotherm while Ky and n are constants of intercept and slope,
respectively. The Temkin isotherm expresses variation of the
adsorption energy in J/mol, KT is the Temkin constant in L/g, while R
is the universal gas constant in J/mol/K.

Analytical methods

The effect of temperature to determine the thermal decomposition
of the prepared activated carbon was investigated using the thermo-
gravimetric analysis Leinseis L81. This was achieved at 5°C and held
at temperature for 120 minutes under stable atmospheric condition.
The surface morphology and the chemical characterization were
investigated using Fourier- transform infrared spectroscopy (FT-IR)
Perkin Elmer S100.

RESULTS AND DISCUSSION

The batch study was conducted using different adsorbent dosages
at 30 °C under fixed conditions of pH, shaking speed, contact time and
particle size. The result of the characterization of the adsorbent was
used to determine the effectiveness of the adsorption process.

Batch study

The result of the batch study was determined by the removal
efficiency of the sorption of zinc ion onto the adsorbent under the
fixed condition of 150 rpm shaking speed, pH 7, and 105 minutes
contact time. The result in Fig. 1 shows that the sorption of zinc onto
coconut shells carbon was very effective at different adsorbent
dosages used. The sorption yield was observed to increase along with
increasing dosage. The optimum reduction was observed at 30g/L of
applied dosage with removal efficiency of 98.04% and the least
dosage applied achieved 88.9% removal efficiency. The large surface
area provides the availability of active sites on the surface that
attributed to the sorption of the metal ion.
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Fig. 1 Removal efficiency of adsorbent at different dosages.

Isotherm studies

The Langmuir and Freundlich isotherms are two parameter
models that widely used to investigate the adsorption capacity and
constants relating to the activated energy. The Temkin model is used
to determine the heat of adsorption as it decreases linearly over the
surface. The model establishes further relationship between the
adsorbent and the adsorbate. The Langmuir model assumes a
homogeneous surface with the formation of a monolayer of adsorbate
onto the adsorbent. According to the results in Table 1, the gmar and
R? values obtained for the Langmuir Isotherm were 0.04094 mg/g and
0.92525, respectively. The value of qm has close similarity with the
work of Tsai et al. (2009) in which Oyster shell, hard clam shell, and
short-neck clam shell have gmar values of 0.084, 0.060 and 0.893
mg/g, respectively.
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The Freundlich model assumes a heterogeneous surface of the
sorption of the adsorbate onto the adsorbent. In accordance with
Freundlich theory, the heterogeneity factor of a value of 1/n< 1
illustrates a normal Langmuir isotherm, when 1/n> 1, it shows a case
of cooperative adsorption (Liu, 2015). Adsorption process is linear if
n=1, chemical if n<I and physical if n> 1. In Table 2, the value of n =
1.0219 indicated that physical adsorption process was occurred and
the data was fitted to the Langmuir isotherm. The close fitted values
of the correlation coefficient of Langmuir and Freundlich isotherm
showed that both homogeneous and heterogeneous surfaces were
existed in terms of the experimental conditions (Hamdaoui, 2006).

The Temkin isotherm also demonstrated the physical nature of the
adsorption process, where the positive slope and intercept of the linear
regression were a demonstration of exothermic reaction of the
adsorption process. The result of the fitted data to the adsorption

isotherms is illustrated in Fig. 2.

Table 1 Isotherm models.

Adsorbent Langmuir
R2 KL Qmax
0.92525 4.34185 0.04094
Temkin
R? b(J/molK) KT (L/g)
Coconut shell carbon
0.97057  15504.2 0.9950
Freundlich
R2 KF n
0.94318 5.8579 1.0219
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Fig. 2 (a) Temkin isotherm, (b) Langmuir isotherm and (c) Freundlich
model for zinc removal from POME.

Thermo gravimetric analysis

The thermal analysis in Fig. 3 revealed that as the temperature
was increased between 0-90°C, no obvious mass loss was observed.
At further elevated temperature, decomposition of lignin began at
160°C. According to Katesa et al. (2013), decomposition of lignin
occurs within the temperature range of 160-900°C. The pyrolysis of
the lignocellulosic structure occurs at temperature of 385°C. The
decomposition of lignocellulose usually happens within 200-400°C,
hemicellulose at 200-380°C and cellulose at 250-400°C (GaSparovic et
al., 2010). The total mass loss was evaluated to be 32.87%.

Chemical surface characterization

The Fourier transform infrared spectroscopy (FT-IR) spectra was
obtained and shown in Fig. 4. The FT-IR spectra of the material
illustrated the presence of different functional groups. The band at
3600 cm’! was attributed to hydroxyl groups. The band at 3314 cm’!
was indicated for CH stretching vibrations. The region of the
spectrum around 2970-2831 cm! was attributed to C-H stretching
vibrations. The stretching vibration at 1404.25 cm™ could be
attributed to C=C bonds typical of aromatic rings. The band at
1023.01 cm! was attributed to C-O-C vibration in ethers as a result of
angular deformation of ethers (Liu, 2015). The lignocellulosic
structure of coconut shell could be affirmed as a result of the presence
of hydroxyl, carbonyl, ethers and aromatic compounds (Cazetta et al.,
2011).
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Fig. 3 Decomposition analysis of coconut shell carbon.

-
& [
3162
® 1404 25¢me1, 99.17%T
LI
aaend QLT W0 1en 1975891

% 1401em-1, 8804947 : 102301em1, 055047

% ‘ ‘ ‘ ‘ ‘ ; s

{0 ¥ 100 0 20 1600 1000 i

cm-1
Fig. 4 FT-IR spectra for the coconut shell carbon.

CONCLUSION

The prepared coconut shell activated carbon was confirmed to
possess C=C, OH, and C-OC from carbonyl, hydroxyl, ethers and
aromatic functional groups. The pyrolysis was achieved at 385°C with
a total mass loss of 32.87% This structure has greatly influenced the
removal of zinc from the POME. The adsorption potential was further
investigated using isotherm models. The equilibrium data was fitted
well to Langmuir, Freundlich and Temkin isotherms. Due to the
textural and chemical characteristics of the coconut shell carbon, the
result tested on POME for the removal of zinc metal showed great
potential of the adsorbent for the treatment of wastewater containing
organic matters.
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