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Abstract 

Palm Oil Mill Effluent (POME) was treated using adsorption technique as a good alternative sustainable 
management practice of this waste. The adsorbent used is a modified sago waste by grafting technique. Graft 
polymerization and crosslinking using radiation processing technology are the attractive techniques for 
modification of chemical and physical properties of polymers. One example of this technique is to produce 
superadsorbent from agricultural waste, as described in this paper. Super adsorbent polymer from sago waste was 
prepared using gamma irradiation throughout of this study. The fibre from sago waste was mixed with monomer, 
water soluble polymer and alkaline solution prior to radiation process. Infrared spectroscopy (FTIR) and scanning 
electron microscopy (SEM) were carried out to confirm the chemical structure and morphology of the 
superadsorbent. The result obtained showed that this super adsorbent can be used to treat POME. 

 

Abstrak 

Sisa kumbahan kelapa sawit (POME) dirawat menggunakan teknik penjerapan sebagai satu alternatif dalam 
pengurusan sisa. Penjerap yang digunakan merupakan hampas sago termodifikasi yang dihasilkan menggunakan 
teknik pencangkukan.  Pencangkukan dan tautsilang menggunakan teknologi pemprosesan sinaran adalah satu 
teknik modifikasi ke atas sifat fizik dan kimia sesuatu polimer. Salah satu proses yang menggunakan kaedah ini 
ialah penghasilan bahan penjerap daripada sisa pertanian, sebagaimana diterangkan di dalam kertas kerja ini. 
Penjerap daripada hampas sagu dihasilkan menggunakan teknik sinar gamma. Hampas sagu dicampur bersama 
monomer,polimerlarutair danlarutan alkalisebelum prosesradiasi.Spektroskopiinframerah (FTIR) dan mikroskop 
elektronimbasan(SEM) telah dijalankan untuk mengesahkanstruktur kimiadan morfologibahan 
penjerapsuper.Keputusan yang diperolehimenunjukkan bahawapenjerapinisuperboleh digunakanuntuk 
merawatPOME. 
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INTRODUCTION 

Palm oil mill effluent (POME) is an oily wastewater generated by palm oil processing mills containing 95-96% 
water, 0.6-0.7% oil and grease and4-5% total solids. It is thick, brown liquid with a discharge temperature 
between80°C and 90°C and a pH value in the range of 4.0 - 5.0. TypicallyPOME contains a mean value of 6000 
mg/l of oil and grease. The oil palm industry has been identified as one of the major sources of industrial pollution 
in Malaysia. Therefore, several types of POME treatment system have been introduced to overcome the problem. 
Based on the survey carried out by researchers ofMalaysian Palm Oil Board (MPOB)  andRubber Research Institute 
of Malaysia (RRIM) in 1982, the POME treatment systems can be grouped into 5 types of treatment facility i.e. tank 
digestion and mechanical aeration, tank digestion and facultative ponds, decanter and facultative ponds, aerobic or 
facultative ponds and the last one, physical or chemical or biological treatment(Ma et al. 1982; Chan and Chan 
2003). All these treatment facilities have to meet a certain level of Department of Environment of Malaysia (DOE) 
regulatory standard parameters such as biochemical oxygen demand (BOD), chemical oxygen demand (COD), total  
suspended solid, oil and grease, ammoniacal-nitrogen, organic-nitrogen, pH and temperature.  



The POME treatment systems mentioned above need proper maintenance as well as monitoring, besides large 
amount of capital and operating costs in setting-up the treatment facility. A ponding system is cheap to construct but 
it requires a large land area. Due to the size and configuration of the ponds, they are quite difficult to control and 
monitor. The pond system for POME treatment, use the 2 phase anaerobic process and facultative stage, which 
requires 50 days and 21 days retention time, respectively (Khoon and Chooi 1982).   

Among several chemical and physical methods, adsorption process is one of the effective methods widely used in 
waste treatments. Recently, numerous approaches have been studied. Most of the studies focused on the 
development of cheaper and more effective adsorbents containing natural polymers. Among these, polysaccharides 
such as chitosan(Ahmad et al 2005) and starch (Li et al. 2007), and their derivatives (Kim and Lim 1999;  Zhang and 
Chen 2002) showed an attractive alternative as adsorbents. 

Most of the adsorbent materials available in the market are acrylic acid and acrylamide-based products. They have 
poor degradability. Attention has been paid to biopolymers derived from feedstock such as starch, cellulose, wheat 
straw and chitosan as well as carbohydrate waste(Lanthonget al. 2006; Sun and Wang 2006). They have good 
commercial and environmental value with the advantages of low cost, renewable and biodegradable polysaccharides 
for deriving superadsorbents. These natural available resources can be modified through chemical or radiation 
techniques  (Kiatkamjornwong et al 2002; Teli and Nilesh 2009). 
 
The present paper discusses about the development process of superadsorbent from sago waste using irradiation 
technique by ionizing radiation. The behaviour of this super absorbentwas also characterized and discussed in this 
paper. The effect of this polymer on POME treatment was studied by measuring the total suspended solid, colour 
and residual oil before and after treatment with the adsorbent.  
 

METHODOLOGY 

Materials 
 
Sago waste was obtained from Ng KiaSengKilangSagu Industries Sdn. Bhd. BatuPahat, Johor. Industrial grade 
sodium hydroxide (NaOH) was purchased from AGC Chemical (Thailand) Co. Ltd. Industrial grade acrylic acid was 
obtained from LG Chem. Ltd. Korea while industrial grade potassium hydroxide (KOH) was purchased from 
Tessenderlo Group, France. All materials were used as received without further purification. Samples of POME 
were collected from KilangKelapaSawit Tanah Merah, Negeri Sembilan. 
 
Preparation of Superadsorbent sago waste  
 
Sago waste was mixed with acrylic acid solution for 1 hour. Then, NaOH and KOH were added and mixed together 
for 45 minutes. The mixture was packed in a plastic bag and irradiated at 15 – 25 kGy under gamma rays.  
 
Fourier Transform Infrared Analysis 
 
The FTIR spectra of sago waste andsuperadsorbentfrom sago waste in powder form, was recorded with Perkin 
Elmer FTIR v2000 Spectrometer in the range of 4000-400 cm-1. ATR technique was used for analysis purpose. 
 
Scanning Electron Microscopy 
 

The morphology of the samples was investigated by scanning electron microscopy (SEM), FEI Quanta 400. Prior to 
scanning process, the samples were freeze-dried (Epsilon 1.8) at -75C. The freeze-dried method on the samples is 
considered as the best method to observe the pore morphology or inter-polymer network (IPN) of hydrogel. The 
dried samples were gold sputter-coated before analyzing by SEM. SEM images were obtained from the fractured 
surface of dried samples. 
 
 
 
 



Treatment of POME 
 
The efficiency of sago waste superadsorbent was performed by determining the total suspended solid, colourand 
residual oil of POME before and after treatment with the superadsorbent. A series of beakers were filled with 1Lof 
POME and stirred simultaneously. After adding the adsorbents into the suspension, the beakers were rapidly mixed 
at a defined mixing timeand speed for different doses of superadsorbents. 
 
Total Suspended Solid 
 
The treated and untreated POMEsamples were centrifuged followed by drying the residue in oven after removing 
the supernatant.  Total suspended solid was calculated by following calculation,  

Total suspended solids (mg/L) =  

Where  A = weight of residue + dish, g 
 B = weight of empty dish, g 
 S = volume of sample taken, mL 

 
Colour 

The colour of POME samples before and after treatment were determined using DR 5000 UV-Vis Spectrometer. 
The samples were filtered using Whatman membrane cellulose (0.45µm) before determining the colour changes. 
Dilution was carried out using distilled water if the colour of the samples cannot be detected by the instrument.  

Oil and grease 

The residue oil content was measured using the oiland grease method recommended by Department of Environment 
(DOE). N-Hexane was usedastheoil-extraction solvent. Three replicates were done and the oil content was 
calculated according to the following equation 

Oil and Grease, mg/L =  

Where  A = weight of flask gained after distillation, g 
 B = weight of empty flask, g 
 S = volume of sample used, mL 

 

RESULTS AND DISCUSSION 

The FTIR analysis was carried out to confirm the chemical structure of sago waste and superadsorbent sago waste. 
Comparison of the absorption peak of sago waste and super adsorbent sago waste cross-linked by gamma radiation 
at 20kGy showed different features, in which some absorption bands had disappeared and others were existing as 
shown in Fig. 1. A new absorption band can be seen around 1550cm-1 and 1400cm-1 which is attributed to C=O of 
acrylic acid, confirms that acrylic acid has been grafted on sago starch. In the spectrum of superadsorbent sago 
waste, the absorption peak of O-H at 3294 cm-1 was reduced in its intensity. This may correspond to partly 
substituted O-H group with C=O group of acrylic acid during the process. 

The structure of sago waste and its superadsorbent was studied using scanning electron microscope (SEM). Fig. 2 
(a) displays a cross-sectional SEM image of sago waste. The structure of sago waste shows a regular, dense and 
small average pore size. The superadsorbent sago waste has an open structure and bigger average pore size as 
observed in Fig. 2(b). This is in a good agreement with the data obtained from the swelling degree of the 
superadsorbent, where the bigger pore size resulted in a higher degree of swelling. An explanation for this behaviour 
is the fact that the incorporation of acrylic acid in the network, contributes to an increase in pore size and the 
swelling degree of superadsorbent.  

 



 
Figure 1. FTIR spectra of sago waste and superabsorbent sago waste. 

 
 
 

 

 

                                                       (a) (b) 

Figure 2. Scanning electron micrograph for sago waste (a) and superadsorbent sago waste (b) cross-linked by 
gamma radiation at a dose of 20kGy. 
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Figure 3. Removal of total suspended solid vssuperadsorbent content  

Fig.3represents the removal of suspended solid using sago waste superadsorbent. It is clearly shown that as the 
dosage of superadsorbent increased, the percentage removal of suspended solid decreased.The percentage removal 
of total suspended solid dropped from 371 ppm to 349 ppm when 0.2% adsorbent was added and further reduced 
with further increased in superadsorbent content. It was concluded that the sago waste superadsorbentcan adsorb 
compounds in POME at very low content of sago waste superadsorbent.  

 

 

Figure 4.Colour changes of POME vssuperadsorbent content 

The effect of superadsorbent on the colour changes of POME sample is shown in Fig.4. A sudden drop can be seen 
after 0.2% of the adsorbent was added in the sample. The colour of untreated POME reduced from 6370 to 2270 
after treated with 0.2% of superadsorbent. Further increased in superadsorbent content showed no significant result. 
This proves that sago waste superadsorbent can reduce the colour of POME.  
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Figure 5. Residual oil of POME at various dosages of superadsorbent 

Fig.5 illustrates the effect of sago waste superadsorbent on oil and grease removal. It is observed that the addition of 
sago waste adsorbent can remove oil and grease that exists in the POME sample. The oil and grease left in POME 
sample reduced from 39 ppm to 3 ppm by adding 0.4% of superadsorbent. It proves that to remove oil and grease, 
low concentration of superadsorbent is needed. Higher content of superadsorbent depicts no results in further 
removal of oil and grease.  

Studies have shown that adsorption is related to functional group properties of the adsorbent(Abdullah et al. 2010; 
Likon et al. 2013). Among the important functional groups responsible for oil adsorption include O-H, C=O, and C-
O.  Another important characteristic is the surface morphology of the adsorbent. For example, natural adsorbents 
like kapok fibre and populous seed contain hollow structures that give rise to the higher surface area available for 
adsorption. The molecules of dissolved organic can be deposited and adsorbed from the solution onto the molecule-
sized pores. In the case of sago waste superadsorbent, it has a spherical and open pore sizes as proof by SEM 
micrograph in Fig 2. This kind of structure enables maximum oil entrapment within their empty lumens. 

CONCLUSION 

Sago waste has been successfully modified through radiation technique to produce superadsorbent. FTIR confirms 
the acrylic acid has been grafted to sago waste. The open and bigger average pore size of superadsorbent sago waste 
as compared to origin sago waste resulted in a decrease in degree of swelling. The use of modified sago waste as 
adsorbent was successfully performed. It can be observed from the results obtained from the treatment of POME for 
removal of suspended solid, colour and oil. 
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