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Removal of Residual Oil in Palm Oil Mill Effluent (POME) By Using Non-ionic Surfactant 

Nuuraishah Binti Zilini 

Resource Chemistry 

Faculty of Resource Science and Technology 

University Malaysia Sarawak 

 

 

ABSTRACT 

Palm oil mill effluent (POME) wastewater sample was used to study the removal of its residual oil 

by using non-ionic surfactant. POME has been identified as oily wastewater because it contains 

high amount of organic contaminants and residual oil. The production of POME and its untreated 

discharge into the river causes water pollution and affects the survival of aquatic organisms. The 

focus of this study was to investigate the optimum condition to remove residual oil using non-ionic 

surfactant. The concentration of non-ionic surfactant, mixing time, mixing speed and pH of POME 

were the parameters that have been analyzed to identify the optimum conditions for removal of 

residual oil. The optimum conditions for the removal of residual oil was accomplished with a 

combination of 1.0×10
-5

 M of Brij 30, 30 minutes of mixing time and 100 rpm of mixing speed at 

pH 4 of POME. FTIR characterization showed broader absorption of O-H bonding and weak 

intensity of C-O stretch and C-H stretch in IR spectrum of collected residual oil removed at 

optimum conditions compared to IR spectra of Brij 30 and POME. 

 Key words: non-ionic surfactant, Brij 30, palm oil mill effluent 

ABSTRAK 

Air sisa kilang kelapa sawit (POME) digunakan sebagai sampel air buangan untuk mengkaji 

penggunaan surfaktan bukan ionik sebagai bahan yang dapat membuang lebihan minyak sisa yang 

terdapat dalam POME. POME telah dikenalpasti sebagai air sisa berminyak yang mengandungi 

bahan organik dan sisa minyak dalam kuantiti yang tinggi. Pengeluaran dan pembuangan POME 

yang tidak dirawat ke dalam sungai boleh menyebabkan pencemaran air dan keadaan ini akan 

memberi kesan yang buruk kepada hidupan akuatik. Penyelidikan ini bertujuan untuk mengkaji 

keadaan yang optimum untuk menyingkirkan minyak sisa menggunakan surfaktan bukan ionik. 

Parameter yang telah dikaji untuk mengenalpasti keadaan optimum tersebut adalah kepekatan 

surfaktan bukan ionik, masa pencampuran, kelajuan pencampuran dan pH POME. Keadaan 

optimum penyingkiran minyak sisa adalah gabungan 1.0×10
-5

 M Brij 30, 30 minit masa 

pencampuran dan 100 rpm kelajuan pencampuran pada nilai pH 4 POME. Percirian FTIR 

menunjukkan terdapat penyerapan yang lebih regang pada ikatan O-H dan intensiti yang lemah 

pada ikatan C-O dan C-H dalam IR spectrum minyak sisa yang telah disingkirkan dalam keadaan 

optimum penyingkiran berbanding dengan IR spektra Brij 30 dan POME. 

Kata kunci: surfaktan bukan ionik, Brij 30, air kumbahan kilang kelapa sawit 
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1.0 Introduction and Objectives 

Palm oil is the most-consumed edible oil and also the second largest edible oil worldwide 

(Abrizah et al., 2012). According to CME Group (2010), palm oil is the highest amount 

edible oil produced in 2009 and Malaysia is one of the top two producers of palm oil. 

Moreover, palm oil industry in Malaysia has big contribution towards the country’s 

economy especially in the agricultural sector (Basiron, 2002). However, there are negative 

impacts towards the well-being of environment from palm oil processing despite of the 

exceptional production of palm oil (MPOB, 2012). 

Negative impacts from the rapid development of palm oil industry mainly affect the quality 

of aquatic environment (Hassan and Puteh, 2007). The process of oil extraction from palm 

oil mills produces large amount of wastewater. As stated by Sethupathi (2004), industrial 

wastewaters contain oil-in-water emulsions and other contaminants that cause severe 

problems to the environment. The oily wastewater may cause a decline in water quality, 

hinder the penetration of light to water body and prevent transfer of oxygen from 

atmosphere to water which then becomes a threat to aquatic organism (Alade et al., 2011). 

The processing of palm oil produces an organic waste material that is known as palm oil 

mill effluent (POME). POME which is a major source of aquatic pollution in Malaysia is a 

highly polluting effluent as it contains high amount of organic matter and oil and grease 

(Abass et al., 2012; Ahmad et al., 2005). The natural decomposition of POME in water 

body is the factor that responsible for the deterioration in quality of aquatic environment 

(Ahmad et al., 2002).  
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For that reason, effective method to treat oily wastewater is essential to prevent further 

threat towards the environment. In this study, non-ionic surfactant was used for the 

removal of residual oil in POME based on different parameters. Surfactant is the acronym 

for surface active agent. It consists of a long organic molecules, water soluble head and 

water insoluble tail which makes up an amphiphilic molecule that possesses both 

hydrophobic and hydrophilic properties (Sethupathi, 2004; Tharwat, 2005). Surfactants are 

often used in cleaning solutions and there are three main classes of surfactant which are 

anionic, non-ionic and cationic surfactant (Othman et al., 2010). 

According to Muherei and Junin (2008), the role of surfactant has been well established as 

the substance that can clean oil or other organic contaminated mediums and improve the 

recovery of residual oil. They also mentioned that the most important property of a 

surfactant is its critical micelle concentration (CMC) because it is related to the 

performance of surfactant to remove contaminated substances from polluted mediums. 

Furthermore, surfactant that is frequently selected in the removal of contaminated 

substances is non-ionic surfactant because the CMC of non-ionic surfactant is lower than 

other classes of surfactant. 

In this study, non-ionic surfactant was used to remove residual oil in POME. Different 

parameters such as non-ionic surfactant concentration, mixing speed, mixing time and pH 

of POME on the removal of residual oil from POME were studied.    
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Thus, the objectives of this study were: 

1. To investigate the effectiveness of Brij 30 non-ionic surfactant in the removal 

process of residual oil from POME. 

2. To study effect of concentration of Brij 30, mixing time, mixing speed and pH 

condition of POME on the removal of residual oil in POME. 

3. To identify the optimum conditions to remove residual oil in POME. 
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2.0 Literature Review 

2.1 Palm Oil  

The source of palm oil is the fruit of Elaeis Guineensis tree which originated from West 

Africa and its products are widely used in many food and non-food applications (American 

Palm Oil Council, 2004). Palm oil is an important export product in Malaysia and its 

production plays a big role in the country’s economy. Other than that, half of the overall 

agricultural employment in Malaysia is provided by palm oil industry (Basiron, 2002).  

In the production of palm oil, large amount of water is required for the extraction process 

of palm oil from fruits of Elaeis Guineensis tree and at the end of the process more than 

50% of used water will be discharged into river as POME (Ahmad et al., 2003; Bakar, 

2006). Other than POME, waste in the form of empty fruit bunches and mesocarp fibres 

are also produced in the process (MPOB, 2012). 

2.1.1 Palm Oil Mill Effluent (POME) 

POME is the wastewater produced from palm oil extraction process. It is a type of liquid 

waste that consists of fat, oil and grease, suspended solid and dissolved solid which 

generated from the whole production processes of palm oil (Rupani et al., 2010).    

According to Ahmad et al. (2005), POME can be characterized as thick brownish in colour 

liquid which consists of 95-96% water, 0.6-0.7% oil and grease and 4-5% total solids. 

Moreover, POME is acidic with pH of 4.0 to 5.0 and it is usually discharged at temperature 

between 80°C and 90°C (Ahmad et al., 2005). Table 2.1 below shows other characteristics 

of raw POME. 
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Table 2.1 Characteristics of POME (Ahmad et al., 2005) 

Parameter Concentration 

(mg/L) 

Element Concentration 

(mg/L) 

Oil and grease 4,000-6,000 Phosphorus 180 

Biological oxygen demand (BOD) 25,000 Potassium 2,270 

Chemical oxygen demand (COD) 50,000 Calcium 439 

Total solids 40,500 Boron 7.6 

Suspended solids 18,000 Iron 46.5 

Total volatile solids 34,000 Manganese 2.0 

Ammonicals nitrogen 35 Copper 0.89 

Total nitrogen 750 Magnesium 615 

  Zinc 2.3 

 

Hassan and Puteh (2007) stated that the amount of POME generated from 372 palm oil 

mills in Malaysia is more than 40 million tonnes for the year of 2004. The high amount of 

organic matter as well as oil and grease in POME has categorized it as major source of 

water pollution in Malaysia. Consequently, the discharge of POME from palm oil mills 

causes pollution to the aquatic system and its surrounding environment.  

According to Ahmad et al. (2004), residual oil and suspended solids are the main elements 

of POME that cause problems to environment. Since the location of most palm oil mills are 

situated near rivers, the management of POME disposal is often handled by discharging it 

into the river (Sethupathi, 2004). Furthermore, POME has high oxygen depletion potential 

which is a hundred times greater than that of domestic sewage (MPOB, 2012).  
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Besides, the capability of POME to deplete oxygen in aquatic environment is the result 

from its high BOD and COD properties which has cause deterioration of aquatic 

environment quality (Ujang et al., 2010). Additionally, the presence of POME on water 

surface can prevent atmospheric oxygen to dissolve in water and greatly reduce the 

availability of dissolved oxygen in water body. In this condition, anaerobic environment 

will take over and decline in quality of aquatic ecosystem will occur (Sethupathi, 2004). 

2.2 Surfactant 

Surfactant has an amphiphatic structure that possesses both hydrophobic and hydrophilic 

properties since it consists of a polar hydrophilic head and a non-polar hydrocarbon tail as 

shown in Figure 2.1 (Mahamod, 2000).  

 

 

 

 

 

Other than that, surfactant is a substance that can lower the interfacial or surface tension 

between two immiscible phases when it is present at low concentration in the system 

(Rosen and Kunjappu, 2012). The ability of surfactant to alter the interfacial free energy of 

a system is the reason for its broad applications in industrial field since it has been widely 

used as a major component in many industrial products such as detergents, personal care 

products and other cleaning products (Schramm and Marangoni, 2000). 

 

Figure 2.1 General structure of surfactant 
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2.2.1 Formation of Micelle 

Schramm et al. (2003) stated that dilute solution of surfactant act as normal electrolytes 

when dissolved in aqueous solution. However, as the concentration of surfactant is 

increased until it reaches the critical micelle concentration (CMC), surfactant molecules 

will form micelles. CMC is the concentration at which aggregation of micelle occurs 

(Hargreaves, 2003). Different types of surfactant have different CMC value and CMC is 

determined by abrupt changes on the physical properties of surfactant plotted versus the 

concentration of surfactant (Tharwat, 2005). 

Micelles form from the aggregation of surfactant in aqueous solution due to the 

hydrophobic effect of amphiphilic compound (Maibaum et al., 2004). Hydrophobic effect 

occurs when the non-polar tail of surfactant arrange between themselves inside micelle 

leaving the polar head outward facing the aqueous solution (Schramm and Marangoni, 

2000). The hydrophobic groups of surfactant form the core of micelle, while the 

hydrophilic groups are in contact with surrounding solvent (Maibaum et al., 2004). 

Subsequently, the reduction of interfacial tension between two immiscible phases (oil and 

water) is the driving force of micelle formation where the contact between non-polar tail 

and aqueous solution is greatly reduced (Tharwat, 2005). Furthermore, there are two types 

of micelle formation which are normal phase micelle (oil-in-water) and inverse micelle 

(water-in-oil) where the hydrophilic groups of surfactant arrange themselves at the centre 

of micelle with the hydrophobic groups extending out towards the solvent as shown in 

Figure 2.2 (Sethupathi, 2004). 
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Figure 2.2 Two types of micelle formation 

2.2.2 Non-ionic Surfactant 

Non-ionic surfactant is a type of surfactant that does not possess any electrical charge on 

its hydrophilic group. Thus, non-ionic surfactant will not ionize when dissolved in aqueous 

solution. This surfactant have a series of ethylene oxide groups in the form of an ethoxylate 

chain as their hydrophile (Hargreaves, 2003). Muherei and Junin (2008) stated that non-

ionic surfactant can perform better than other surfactants because of its low CMC value 

and ability to greatly reduce interfacial tension between two immiscible phases. They also 

mentioned that the non-ionic ethoxylate surfactants have been used to clean organic 

contaminated soil because they have high solubility capacity and biodegradability. 
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2.2.3 Brij 30 

In this study, non-ionic surfactant Brij 30 was used to remove residual oil in POME. The 

molecular weight of Brij-30 (tetraethylene glycol monododecyl ether) is 362.54 g/mol and 

its chemical formula is C12-H25 (OCH2-CH2)4OH (Figure 2.3). It has the appearance of 

white solid or colourless liquid and due to its stability it is not compatible with strong 

oxidizing agent (MSDS, 2007). According to Chan and You (2010), the critical micelle 

concentration (CMC) of Brij 30 is in the range of 7 mg/L to 14.52 mg/L.  

 

H3C

O

OH

4

 

 

 

 

 

 

 

 

Figure 2.3 Chemical structure of Brij 30 
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3.0 Materials and Methods 

3.1 Materials 

POME was collected from Felcra Jaya Samaharan oil mill located in Kota Samarahan. The 

non-ionic surfactant Brij 30 was obtained from Sigma-Aldrich and diluted into lower 

concentration before use. Distilled water was used to dilute non-ionic surfactant and 

prepare other solutions. Ascorbic acid and potassium hydroxide solutions were used to 

adjust pH of POME. In oil and grease analysis, n-hexane was used as the oil extraction 

solvent (Ahmad et al., 2004). The purity of Brij 30 is 99%, ascorbic acid is 99% while 

potassium hydroxide is 85%. 

3.2 Methods 

3.2.1 Sample Preparation 

Collected POME was cooled to room temperature and let to sediment in order to reduce 

the total solid before it is dispensed into the batch system.  

3.3 Oil Removal 

3.3.1 Batch Studies 

Batch studies were conducted to identify the optimum conditions for the removal of 

residual oil in POME by using non-ionic surfactant. The parameters were the concentration 

of non-ionic surfactant, mixing time, mixing speed and pH of POME. The parameters were 

tested twice to obtain the average residual oil removed from POME. 
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3.3.1.1 Concentration of Non-ionic Surfactant 

POME was tested with different concentration of non-ionic surfactant. The concentration 

of non-ionic surfactant was varied from below till above the CMC of Brij 30. According to 

Chan and You (2010), the CMC value of Brij 30 is in the range of 7 mg/L to 14.52 mg/L 

(1.93×10
-5

 M to 4.00×10
-5

M). Therefore, concentration of Brij 30 in the range of 5.0×10
-6

 

M to 5.00×10
-5 

M was used to obtain the optimum concentration for removal of residual 

oil. 

3.3.1.2 Mixing Time 

Mixing time was varied from 10 minutes to 40 minutes to obtain the optimum mixing time 

for the removal of residual oil in POME. 

3.3.1.3 Mixing Speed 

Mixing speed in the range of 60 rpm to 110 rpm was tested for the optimum value to 

remove residual oil in POME. 

3.3.1.4 The pH of POME 

In this study, pH adjustment in the range of pH 4 to 9 was tested to obtain the optimum pH 

value for the removal of residual oil in POME. The pH values of POME were measured by 

using Eutech Instrument pH meter. 

 

 

 



13 

 

3.3.2 Residual-oil Analysis 

Residual oil content of POME was measured using oil and grease method which is 

recommended by APHA Standard Method of Examination of Water and Wastewater 

(WPCF, 1992). The sample of POME that has been added with non-ionic surfactant was 

transferred into a separating funnel with the addition of n-hexane. The mixture was shaken 

for two minutes and left to allow further separation to occur. After a few minutes, two 

separate layers were formed and the lower layer of mixture was drained in a beaker while 

the upper layer was collected in a pre-weight petri dish. The extraction process was 

repeated and the separating funnel was then rinsed with fresh n-hexane solution in order to 

remove any oil left on the funnel walls. Next, the collected content in pre-weight petri dish 

was dried with water bath to eliminate water before it was cooled in a desiccator. After 

some time, the petri dish and its content was weighed on a measuring balance. The amount 

of residual oil obtained was calculated by using the following formula which was obtained 

from APHA Standard Method of Examination of Water and Wastewater (WPCF, 1992). 

(A – B) × 1000 / 0.1 L = mg/L 

A = Weight of pre-weighed petri dish + residual oil 

B = Weight of pre-weighed petri dish 
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3.3.3 Fourier Transform Infrared Spectroscopy Characterization 

Fourier Transform Infrared Spectroscopy (FTIR) was used to identify the presence of 

functional groups and observe the changes in chemical bonding of molecules after removal 

of residual oil in POME by using non-ionic surfactant. The FTIR spectra were recorded in 

range of 4000-370 cm
-1

. The infrared spectra used in this study were obtained with Thermo 

Scientific FT-IR spectrometer. The FTIR spectra of extracted oil were determined using 

Potassium Bromide (KBr) pellets while FTIR spectra of Brij 30 and POME were 

determined by Attenuated Total Reflectance (ATR) accessory of FT-IR spectrophotometer. 

KBr pellet was prepared by mixing solid sample with Kbr powder thoroughly in mortar 

while grinding the pestle. Then, enough samples were placed in pellet die and pressure was 

applied to form pellet. 
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4.0 Results and Discussion 

4.1 Concentration of Non-ionic Surfactant 

The concentration of non-ionic surfactant affects its performance to remove residual oil in 

POME. In this study, POME was added at different concentration of Brij 30 to obtain the 

optimum concentration to remove highest amount of residual oil in POME. The 

concentration were 5.0×10
-6 

M, 1.0×10
-5 

M, 2.0×10
-5 

M, 3.0×10
-5 

M, 4.0×10
-5 

M and 

5.0×10
-5 

M. The test was conducted at mixing time of 10 minutes, mixing speed of 60 rpm 

and original pH of POME which was pH 5. The average amount of residual oil removed by 

different concentration of Brij 30 was summarized in Table 4.1 whereas Figure 4.1 shows 

the graph of average amount of residual oil removed at various concentration of Brij 30. 

Table 4.1 The average amount of residual oil removed at different concentration of non-ionic surfactant 

Concentration (M) Average residual oil (mg/L) 

5.0 × 10
-6

 600 

1.0 × 10
-5

 650 

2.0 × 10
-5

 500 

3.0 × 10
-5

 500 

4.0 × 10
-5

 400 

5.0 × 10
-5

 450 


