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 The ability of oil palm mesocarp fiber (OPMF) to adsorb cooking oil waste from synthetic oily wastewater was investigated.  T
OPMF was subjected to acetylation treatment and characterized by scanning 
spectrophotometer (FTIR) and accelerated surface area and porosity analyzer (ASAP). Both acetylated and untreated OPMFs were 
used as an adsorbent for the removal of cooking oil waste in aqueous sol
experimental data were analyzed by kinetic models and were found to conform the pseudo
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INTRODUCTION 
 
 Cooking oil waste (COW) poured down the 
kitchen sink into drains by food stalls, restaurants 
and domestic household will enter the main streams 
hence pollutes the river and endanger aquatic 
ecosystem. COW can also cling 
surfaces of the tubing pipes,consequently
sewer system that willcause serious problems 
sewage back–ups and flooding.T
urgent need to remove COW from the 
body.Many natural and synthetic media
for removing oil from oily water. 
classified as filtering media (sand, coal and 
diatomaceous earth), coalescing media (fiberglass, 
polypropylene) and adsorption media (activated 
carbon and peat) [1]. Several research
out on the uptake of vegetable oil by natural media 
via adsorption processessuch aswalnut shell [1], 
cotton fiber [2], barley straw [3], banana pseudostem 
fiber [4]and kapok fiber [5].However to the best 
author’s knowledge, there is no research 
been conducted on the adsorption of oil by OPMF
The adsorption of COW by left
believed to perform at utmost condition owing to the 
fact that the palm oil is originated from mesocarp and 
due to its abundance supply from oil palm mills. 
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ABSTRACT 

The ability of oil palm mesocarp fiber (OPMF) to adsorb cooking oil waste from synthetic oily wastewater was investigated.  T
OPMF was subjected to acetylation treatment and characterized by scanning electron microscope (SEM), Fourier transform infrared 
spectrophotometer (FTIR) and accelerated surface area and porosity analyzer (ASAP). Both acetylated and untreated OPMFs were 
used as an adsorbent for the removal of cooking oil waste in aqueous solution at different OPMFs dosages and contact times. The 
experimental data were analyzed by kinetic models and were found to conform the pseudo-second order model.

Oil palm mesocarp fiber; Fiber acetylation; Oil adsorption; Pseudo-second order kinetic.

poured down the 
by food stalls, restaurants 

and domestic household will enter the main streams 
and endanger aquatic 
cling onto the inside 
consequently clog the 

s problems such as 
Thus, there is an 

ed to remove COW from the water 
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Nevertheless, the hydrophilic properties owned by 
natural fiber [6] need to be put into serious 
consideration,thus OPMF will be
acetylation treatment in order to increase the oil 
adsorption efficiency[11].  

 
Materials and Methods 
 
 The oil palm mesocarp fiber
from local oil palm mills (KilangSawit Sungai Tong, 
Terengganu) were washed with distill
remove all the dirt particles and
oven at 80°C until constant weight is attained. Then, 
the fibers were cut, ground and sieved to
µm. 
 30 g of the washed OPMF
acetylation treatmentafter pre-
2% of sodium hydroxide for 30 minutes
in a 500 ml round bottom flask containing required 
volume of acetic anhydride in acetic acid medium 
with concentrated sulfuric acid as a catalyst. 
flask was placed in water bath at 
condenser fitted for 2 hours.Then
were thoroughly washed with acetone
waterbefore dried in an oven at 80° C
 Synthetic oily wastewater 
mixing 11.5 g of the palm oil with 1000 ml of water. 
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The mixture was then stabilized in a blender for 15
20 minutes at high speed.  
 The morphological characterization of all 
samples was conducted using a scanning electron 
microscope (SEM) (JEOL JSM-6360LA)
at 10 kV. All samples were coated 
ensure the good conductivity for the analysis. 
Meanwhile, the functional groups present in the 
samples were evaluated using Fourier
Infrared Spectrophotometer (FTIR). 
and average pore diameter of both OPMFs were 
determined using Accelerated Surface Area and 
Porosity Analyzer (ASAP) of Micromeritics ASAP 
2020. 
 The batch adsorption studies were carried out by 
mixing the OPMFs with 100 ml synthetic oily 
wastewater solution at agitation speed of 170 rpm 
and fixed particle size of adsorbent (
parameters were applied namely different dosages of 
OPMF and preset contact times. After the adsorption 
process, the oil concentration was determined by 
standard partition gravimetric method (5520B) 
liquid-liquid extraction recommended by APHA 
(2005) Standard Method of Examination of Water 
and Wastewater, with n-hexane being used as the oil 
extraction solvent. The amount of adsorbed oil at 
equilibrium, qe (mg/g), was calculated using the 
equation: 

q� 	� 	
��- ��
�

V                       

 

 
Fig. 1: Scanning electron micrographs of untreated OPMF at magnification 100X (a), acetylated OPMF at 

magnification 100X (b), untreated OPMF at magnification 1000X (c) and acetylated OPMF at 
magnification 1000X (d). 

 
  The existence of functional groups in OPMFs 
was identified by FTIR. The IR spectrum of 
untreated OPMF (Figure 2(a)) shows a broad band at 
3433 cm-1 corresponding to O-H stretching and a 
peak at 2924 cm-1 assigned to the C
group stretching. The peaks observed at 1740
1647 cm-1 attributed to the functional groups of C=O 
and C=C in hemicellulose, respectively. 
  Acetylated OPMFs (Figure 2(b)), shows almost 
identical spectrum of untreated OPMFs since both 
fibers have similar functional groups. However the 
intensity became weaker and the peaks location were 
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 where Co and Ce (mg/L) are the concentrations 
of oil at initial and equilibrium, respectively.  V (L) 
is the volume of the solution and W (g) is the mass of 
sorbent used. 
 While the amount of adsorbed oil 
(mg/g), was calculated by  

q	 	� 	
��- �

�

V   

where Ct (mg/L) is the concentrations of oil at any 
time. 
 
Results and Discussion 
 
3.1 Characterizations of OPMF
  The surface morphological characteristic 
untreated and acetylated OPMFs 
1. The obvious changes of the surface morphology 
can be seen after the OPMF was subjected to the 
acetylation treatment.  The untreated OPMF has 
irregular and coarsesurfaces 
(Figures 1(a) and (c)). Meanwhile a
seems to have smoother surfaces
100X (Figure 1(b))but at higher magnification 
(Figure 1(d)), the roughsurfaces of acetylated OPMF 
are observeddue to the waxy and fatty acid 
removal.Noticed that most of impurities have been 
removed from the fiber surfaces 
of the silica bodies and pit
appeared. This indicates that acetylation treatment 
had altered the structure of the OPMF

 

Scanning electron micrographs of untreated OPMF at magnification 100X (a), acetylated OPMF at 
magnification 100X (b), untreated OPMF at magnification 1000X (c) and acetylated OPMF at 

ional groups in OPMFs 
was identified by FTIR. The IR spectrum of 
untreated OPMF (Figure 2(a)) shows a broad band at 

H stretching and a 
assigned to the C-H aliphatic 

group stretching. The peaks observed at 1740 and 
attributed to the functional groups of C=O 

and C=C in hemicellulose, respectively.  
Acetylated OPMFs (Figure 2(b)), shows almost 

identical spectrum of untreated OPMFs since both 
fibers have similar functional groups. However the 

became weaker and the peaks location were 

shifted a bit due to the acetylation process. The 
stretching vibration of C=O group at 1719 cm
indicates the formed ester groups after the acetylation 
process while in the untreated OPMFs, the acetate 
groups was originated from acetyl in hemicellulose 
[7]. There are no peaks observed in the range of 1840 
to 1760 cm-1 suggesting that modified OPMFs is free 
from unreacted acetic anhydride and acetic acid [8].
  Surface area of the adsorbent is one of the 
important characteristicsin adsorption study. The 
surface area analysis was carried out by adsorption
desorption of nitrogen gas and the data are presented 
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in Table 1.  The surface area was found to increase 
after OPMFswas treated with acetic anhydride. 
However the average pore diameters of acetylated 
OPMFsbecamesmaller than untreated OPMFsdue to 
the degradation of cellulose throughout the 
acetylation treatment. 
 
3.2 Oil adsorption onto different dosages of OPMFs
  The oil removal percentage of untreated and 
acetylated OPMFs at different dosages of OPMFs is 
shown in Figure 3. Both OPMFs show the similar 
trend of oil removal in which the percentage increase 
rapidly as the amount of OPMF increased. This 
phenomenon is due to the increase of the number of 
binding site for oil adsorption as the adsorbent dose 
increases, thus more surface area available for 
adsorption sites. However at some point the sorption 
capacity became slowerwith the increasesofOPMF 

 
Fig. 2:  FTIR spectra of untreated OPMF (a) and acetylated OPMF (b)
 
Table 1: Surface properties of OPMFs. 

Sample 
Untreated OPMF 
Acetylated OPMF 

 

 
Fig. 3: Oil removal at different dosages of OPMFs
 
3.3 Kinetic Studies: 
 The optimum mass in Part 3.2 was used in the 
kinetic studies at different preset contact times. The 
oil removal percentage increased rapidly at the early 
stage of contact with both untreated and acetylated 
OPMFs (Figure 4). As the contact time prolonged, 
the removal percentage became plateau until the 
equilibrium is reached at 100 minutes
OPMFs.  Acetylated OPMF was able to adsorb 
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s due to the increase of the number of 
binding site for oil adsorption as the adsorbent dose 
increases, thus more surface area available for 
adsorption sites. However at some point the sorption 
capacity became slowerwith the increasesofOPMF 

dosage until the optimum mass was achieved at 0.5 g 
and 3 g for untreated OPMFs and acetylated OPMFs, 
respectively.Hence further increment of OPMFs dose 
did not cause any significant change in oil removal 
percentage. This may due to the overlapping of the 
binding sites as a result of over
adsorbent particles [9]. At optimum mass, untreated 
OPMFs was found to be able to adsorb 58% of oil 
and this observations show that OPMFshave the 
ability to adsorb oil without modification but the 
amount of oil that was able 
fiber is limited. As for acetylated OPMFs, at 0.5 g of 
fiber, the uptake of oil became slower until the 
optimum mass was achieved at 3 g with superior oil 
adsorption up to 95%. 
 
 
 

 

 

untreated OPMF (a) and acetylated OPMF (b). 

BET surface area (m2/g) BJH desorption average pore diameter (Å)
1.6 186.4
3.4 126.1

 

Oil removal at different dosages of OPMFs. 

art 3.2 was used in the 
kinetic studies at different preset contact times. The 

increased rapidly at the early 
contact with both untreated and acetylated 

As the contact time prolonged, 
the removal percentage became plateau until the 
equilibrium is reached at 100 minutes for both 

able to adsorb more 

than 90% of oil due to the surface modification as 
previously observed in Figure 1 and Table 1. 
believed that the rougher surfaces and higher surface 
area of the acetylated OPMF
adsorption sites for fibers to adsorb oil. 
that, this finding shows that the acetylation process 
had successfully alter the character of OPMF
least increase the hydrofobicity of OPMF
enhanced the capability of OPMF
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water. There is no significant changes in oil 
adsorption when the time was prolonged to 840 
minutes. 
  Two simplified kinetic models were applied to 
the experimental data in order to analyze the sorption 
kinetic of oil onto both OPMFs. First, the kinetic 
adsorption was analyzed by the Lagergren pseudo-
first order equation as follows: 
 log (qe – qt) = log qe – (k1/2.303) t      Eq. 3 
  where qe and qt are the amount of oil adsorbed 
on adsorbent at equilibrium and time, t, respectively 
(mg/g), and k1 is the rate constant of pseudo-first 
order sorption adsorption (min-1) [4]. The correlation 
coefficient (R2) values obtained from the plot of log 
(qe–qt) versus t for both OPMFs samples (Figure 5) 

were low and poor suggesting that the adsorption of 
oil onto OPMFs is not a pseudo-first order reaction. 
  The second model used to analyzed the data was 
the pseudo-second order which can be expressed as: 
 t / qt   =   1/(k2 qe

2)   +   (1/qe) t       Eq. 4 
 where k2 is the pseudo-second orderrate constant 
of adsorption (g mg-1 min-1). The straight line were 
obtained in plot t/ qe versus t (Figure 6). The R2 
values for the pseudo-secondorder kinetic model is 
almost equal to 1.0, indicating that this model was 
applicable to describe the adsorption process of oil 
onto both OPMFs. It is suggested that the chemical 
sorption or chemisorption mechanism being the rate 
controlling step involving the valency forces through 
electrons sharing or exchange between the oil and 
OPMFs[10]. 

 

 
 
Fig. 4: Oil removal at different contact times. 
 

 
 
Fig. 5: Pseudo-first order sorption kinetics of oil onto OPMFs. 
 

 
 
Fig. 6: Pseudo-second order sorption kinetics of oil onto OPMFs. 
 
1. Conclusion: 
  In this study, the effect of OPMFs modification 
on oil sorption behavior has been investigated. The 
acetylation of OPMFs enhanced the sorption capacity 
towards oil. The relevant kinetics data fitted well to 
the pseudo-second order model. Based on these 
results, it was convinced that the modified OPMFs 

could be used for the cleanup of cooking oil waste in 
water. 
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