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Preparation of Chemically Modified Sago Waste for Oil Sorption 

MUHAMAD FARID BIN MOHAMMED NOH 

Resource Chemistry 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

Oil spills are major concern due to their environmental and economical impact. 

This study investigates the raw sago waste (SW) and modified sago waste (MSW) as oil 

sorbents to recovery oil spills. SW dumped into the river can cause pollution because it 

largely composed of lignin and cellulose. The sago waste was modified via esterification 

process using acylation grafting with stearic acid. The SW and MSW were packed into 

nonwoven polypropylene bag formed “tea-bag kit” and their sorption behaviors were 

studied. The polypropylene exhibited high affinity oil absorption over the water. It is found 

that the MSW was significantly more hydrophobic than SW. Sorption tests with used 

engine oil (UEO) were conducted in dry system, wet static system and wet dynamic 

system. In this study, the MSW is the most suitable for application where the oil is to be 

removed from an aqueous solution. For the absorption in the absence of water, SW was an 

excellent absorbent. The density and hydrophobicity tests were also used to evaluate the 

sustainability of SW and MSW for the intended application. Utilization of sago wastes 

reduce the pollution effect and provide an economic solution for oil spill management to 

our environment.  

Keyword: Oil spill; Sago waste; Esterification; Oil absorption; Hydrophobic 

ABSTRAK 

Tumpahan minyak adalah perkara yang perlu diberi perhatian kerana ia memberi 

kesan kepada persekitaran dan ekonomi. Kajian ini menyelidik kebolehan hampas sagu 

(SW) dan hampas sagu terubahsuai (MSW) sebagai penyerap minyak untuk pemulihan 

tumpahan minyak. Pembuangan hampas sagu ke dalam sungai memnyebabkan 

pencemaran kerana ia mengandungi komposisi lignin dan selulosa yang banyak. 

Pengubahansuaian hampas sagu adalah melalui proses pengesteran dengan 

mencantumkan kumpulan asil dengan asid stearik. SW dan MSW dibungkus seperti ke 

dalam beg polipropilena bukan sutera untuk dibentukkan seperti “uncang teh” dan 

perilaku penyerapannya dikaji. Polipropilena menunjukkan afiniti penyerapan minyak 

yang tinggi ke atas air. MSW didapati mempunyai hidrofobik yang lebih ketara berbanding 

SW. Kajian ke atas minyak enjin terpakai (UEO) telah dijalankan dalam sistem kering, 

sistem statik basah dan sistem dinamik basah. Dalam kajian ini, MSW adalah paling 

sesuai diaplikasikan untuk pembuangan minyak daripada larutan akueus. Bagi 

penyerapan yang tidak mengandungi air, SW adalah penyerap minyak yang baik. Ujian 

ketumpatan dan kehidrofobian juga digunakan untuk menilai kemampanan SW dan MSW 

di dalam aplikasi mereka. Penggunaan hampas sagu mengurangkan kesan pencemaran 

dan memberi satu penyelesaian ekonomi dalam pengurusan tumpahan minyak kepada 

alam sekitar kita.  

Kata kunci: Tumpahan minyak; Hampas sagu; Pengesteran; Penyerap minyak; Hidrofobik 
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CHAPTER 1 

Introduction 

Nowadays, oil spill problem has increase dramatically in our environment. this 

problem often occur when people make mistakes during the operation and cause the oil 

leaking into the lake, river or ocean. Oil spill give negative impact especially to our 

environment and ecosystems. According to Karana et al. (2011), the formation of oil-in-water 

emulsion or floating film will occur during oil spill which can be toxic to microorganisms for 

biodegradation process. To overcome these problems it is necessary to recover oil spill 

immediately with systematic ways. 

In the context to manage oil spill in our environment, clean and recovery are two major 

components (Karana et al., 2011). These two components are emphasizing to return the 

functions of an ecosystem and re-establish of a biological community in ecosystem. In the 

study by Wu and Zhou (2009), the highly efficient method to collect and remove oil spilled is 

by using absorptive resins.  

 Aboul-Gheit et al. (2006) reported that sorbents ability either absorption or adsorption 

operates like sponge and rely on their surface area, chemical affinity, and chemical 

constituent. Natural sorbents made from organic material could be one solution in the handling 

of oil spill. Organic sorbent comparatively low cost and lean to absorb water as well as oil 

causing them sink (Aboul-Gheit et al., 2006). Some natural sorbents such as peat-moss, straw, 

hay, sawdust, ground corncobs, feathers, milkweed, kapok, rice husk are highly potential to 

recovery oil spilled (Aboul-Gheit et al., 2006, Karana et al., 2011, Kumagai et al., 2007). 

Metroxylan sagu also known as sago comes from genus metroxylan and belongs to 

Palmae family (Singhal et al., 2008) which valuable quantities of starch-rich flour (Awg-
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Adeni et al., 2010). In water contain, sago wastewater represents high organic material, 

chemical oxygen demand (COD) and biological oxygen demand (BOD). As stated by Awg-

Adeni et al. (2010), approximately 7t of sago pith waste generated daily which can lead to 

environmental problems. 

 Most commonly commercial synthetic sorbents such as polypropylene, polyethylene 

have good hydrophobic and oleophilic properties but its non-biodegradability material 

(Deschamps et al., 2003). When this material comes in contact with oil, it can be disposed of 

such as by composting since most oil products are biodegradable (Hussein et al., 2008). 

In this study, sago waste was modified via esterification using fatty acid derivatives. 

The sago waste (SW) and modified sago waste (MSW) was packed into polypropylene bag 

formed “tea-bag kit”. The capability of MSW absorb oil was studied and compare with SW in 

aqueous and non-aqueous solution. 

The objectives of this study are: 

1) To prepare modified sago waste via esterification using acylation grafting with stearic 

acid. 

2) To study absorbent characteristics of SW and MSW. 

3) To compare the oil sorption behavior of SW and MSW bag kit in aqueous and non-

aqueous solution. 
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CHAPTER 2 

Literature Review 

2.1 Oil spill and their environmental impacts 

Oil pollution in marine environment is becoming a more critical issue at all phases of 

oil and gas field development. Oil spills are regrettably common around the world and effect 

different ecosystems. There are some aspects that can give harmful to the environment by oil 

spilled including oil composition, the location of contamination, time consumption and how it 

will be removed. (Huz et al., 2011). 

 Oil is a complex substance containing hundreds of different compounds mainly consist 

of carbon and hydrogen. According to Karana et al. (2011), oil in the surface of water will 

forms oil-in-water emulsion or floating film that need to be detached from environment. 

Generally, oil undergoes evaporation, dissolution, dispersion, emulsification, adsorption, 

sedimentation, photodegradation, and biodegradation when it contact with ocean (Cao et al., 

2011). The highly toxicity of oil can be harm to the microorganisms that are responsible to 

undergoes biodegradation of sewage process (Karana et al., 2011).  

In order to prevent the oil dispersing that can cause more pollution, researcher takes 

more attention to the rapid and efficient recovery of spilled oil. According to Wang et al. 

(2010), marine life also can be serious risk as well as their environment when this event is 

happen. Some of marine life which is immediately affected by the oil spill including coastal 

bird, marine mammals and reptiles as well as turtle may be considerable.  
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2.2 Oil sorbent 

 There are three classes of sorbents: polymers, natural materials and treated cellulosic 

materials (Deschamps et al., 2003). The properties of the sorbent should have a high 

oleophilic and hydrophobic property. Deschamps et al., (2003) has also emphasized the 

buoyancy and durability of sorbent in aqueous media are high, thus it should not retain and 

react like a hydrophilic product. 

2.2 Natural sorbents for oil spill 

Sorbents are materials that utilize absorption or adsorption to recover liquids. Natural 

sorbent which contain carbon-based materials has tendency to absorb oil depending on their 

mass. Some natural sorbents that have ability to recovery oil spilled are peat-moss, straw, hay, 

sawdust, ground corncobs, feathers, milkweed, kapok, rice husk and other carbon-based 

compound (Aboul-Gheit et al., 2006, Karana et al., 2011, Kumagai et al., 2007, Deschamps et 

al., 2003). However, sawdust are difficult to accumulate after they are spread on water 

because they have tendency to lose their particles (Aboul-Gheit et al., 2006). 

Many researchers believe that natural sorbent is commonly used due to it lower cost, 

renewable source, advanced waste recycling life cycle, biodegradation, less negative impact to 

the ecosystem during oil spilled recovery operation and environmental friendly (Rowell and 

Young, 1997). These aspects of natural sorbent have high probability performance and can 

maintain the quality for oil sorption.  
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2.2.1 Modification of Natural Sorbents 

After several hazardous incidents of oil spilled into the sea, several studies utilizes of 

natural material as absorbent is emphasizing to reduce these cases. Natural sorbent such as 

cereal straw predominantly composed of cellulose and hemicelluloses which have more 

hydroscopic that able to attract moisture from the surrounding (Run-Cang, 2010). In the study 

of Sun et al. (2010), chemical modification of cereal straw via acetylation to improved interest 

of natural fiber is successful way which replaced hydroxyl group with an acetyl group through 

single-site reaction. Schema 1 shows the reaction formula of cereal straw and linear anhydride 

forming an ester linkage. After replacing of hydroxyl group of cereal straw into acetyl group, 

the cell wall polymer of cell wall is become more hydrophobic and decrease hydrophilic 

property. The property of this modified cereal straw is more applicable in treating oil spills 

contained water.  

 

 

 

Scheme 1: The reaction of cereal straw and linear anhydride (adapted from Run-Cang, 2010) 

Besides that, the modification of raw bagasse to acylated raw bagasse shows the good 

material for oil absorption. In the study made by Said et al. (2009a) modified raw bagasse 

using acylation grafting with fatty acid give significantly more hydrophobic than the raw 

bagasse. In his study, raw bagasse had been shown to absorb oil better than the other material. 

Acylated raw bagasse give little affinity to water and good affinity to oil thus would be more 

applicable for oil absorption in aqueous environment.  
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 The modification of natural sorbent to acylated structure gives the good applicable for 

recovery oil spill. The hydrophilic character of modified natural sorbent tends to absorb less 

water and give better absorption capacity of oil in aqueous system.  

2.3 Metroxylon Sagu 

Metroxylan sagu commonly found at lowland forest and freshwater swamps that are 

generally found in Thailand, peninsular Malaysia, Indonesia and other country which in the 

range from 17
o
S to 15-16

o
N (McClatchey et al., 2006). In Sarawak, east Malaysia, about 

43,000 t of sago products exported annually. Metroxylon sagu is used for subsistence in most 

part of Indonesia. Estimated from 600 logs of sago palm per day, 15.6 tons of woody bark, 

237.6 tons of waste water and 7.1 tons of starch fibrous sago pith residue are generated 

(Bujang and Ahmad, 1999).  

According to Flach et al. (1997) sago palm give several advantage which are 

economically acceptable, comparatively sustainable, environmental friendly, exclusively 

versatile, vigorous and promotes socially stable agroforestry systems. 
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Figure 1: Sago palms (Metroxylon sagu) in Sarawak, Malaysia (adapted from Singhal 

et al., 2008) 

2.4 Sago Waste 

The industrial extraction of starch from sago palm will produce sago waste. About 

74,000t of sago waste was generated annually in which typically dumped into the river and it 

major pollutant to the river that are close to the industry. In Malaysia, about 25,000t to 30,000t 

sago flour and their residue generated by sago processing mills which substantially composed 

of lignin and cellulose (Quek et al., 1998). Awg-Adeni et al. (2010) said that about 50t to 110t 

of sago waste are produced in Sarawak particularly in Sibu and Mukah division.  

The study by Quek et al. (1998) indicates that the sago waste has high potential as a 

biosorbent composed of cellulose and lignin that tendency to pollute environment. Cellulose is 

the structural component of the primary cell wall of green plants while lignin is a complex 

chemical compound most commonly derived from wood, and an integral part of the secondary 
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cell walls of plants. Besides that, sago waste is difficult to handle due to high humidity and 

starch content (Awg-Adeni et al., 2010). Due to the presence of the lignocellulosic fibrous 

material, sago waste is a strong pollutant with no significant industrial application except as 

animal feed supplement and chipboard production (Kumoro et al., 2008). These waste 

productions give serious negative impacts to our environment, therefore the utilization of these 

waste is one of desirable way to recovery spilled oil. 

2.4.1 Component in Sago Waste 

As reported by Yeoh et al. (1993) the composition of sago waste has around 66% starch and 

dry weight basis of 14% fibre which approximately 25% is made up of lignin. Through 

scanning electron microscopic examination shows that huge number of starch granules trapped 

within the lignocellulosic matrix (Chew and Shim, 1993). However, dried sago waste contains 

around 60-70% starch on a dry weight basis that are depends mostly on the quality of the 

extraction process (Vikineswary et al., 1994).  

Table 1: The composition of Sago Waste (Singhal et al., 2008) 

Component % 

Starch 65.7 

Crude fiber 14.8 

Crude protein 1 

Fat n.d 

Ash 4.1 

Moisture 5.91 

 



9 
 

2.4.2 Utilization of Sago Waste 

Study by Karthika et al., (2010) on the utilization of activated carbon prepared from 

sago waste as an adsorbent for the removal of Pb (II) from aqueous solution and industrial 

effluent rely on agitation time, adsorbent dosage, particle size and pH. In their study, the 

removal of Pb (II) increases with the increasing carbon concentration. The increases of 

removal Pb (II) is due to the availability of more surface area with more functional groups. 

According to Kadirvelu et al. (2004), the activated carbon prepared from sago waste is 

reported to be effective and economically attractive adsorbent for Hg (II), with adsorption 

equilibrium of 105 min for 20 mg/l and 120 min for 30, 40 and 50 mg/l of Hg (II) 

concentrations. These finding claims sago wastes is better adsorbent for heavy metals such as 

copper, lead and mercury which having higher initial sorption rate and greater sorption 

capacity. 
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CHAPTER 3  

Material & Method 

The sago waste was obtained from the sago processing mill located in Mukah, Sarawak. 

Stearic acid (Merck, ≥97%), ethyl acetate (J. T Baker, 99.9%), ethanol (HmbG chemicals, 

99.98%), molecular sieve (Across organics, 8 to 10 mesh) and filter paper (Whatman) were 

used as received. Nonwoven polypropylene fabric of thickness 0.1cm obtained from recycle 

bag. Calcium oxide (CaO) was used as catalyst. The used engine oil (UEO) was obtained from 

Perodua workshop service center at Desa Ilmu, Kota Samarahan. FTIR used was Perkin Elmer 

Spectrum GX Fourier Transform GX200 Spectrometer (4000-370cm
-1

). SEM used was JEOL 

JSM-6390LA). Orbital shaker Orbitron was used for dynamic system. 

3.1 Sample preparation of sago waste 

SW was collected, cleaned and washed for several times to remove any contaminants and 

impurities. SW was dried under hot sun and grind into particle size about 0.5mm by using 

Perkin Elmer Grinder. The grinded SW was dried in oven at 80±5
o
C for 24 hours.  

3.2 Modification of oil absorbent 

Chemical modification of sago waste conducted to improve the oleophilicity of the sago waste 

via esterification process. The step was done to produced modified sago waste (MSW) 

according to (1:1, sago waste : stearic acid) molar ratio.  

Grinded SW (1.62g) was soaked in ethyl acetate. Then, CaO (0.56g) was added and the 

mixture was heated in 40
o
C for 30 minutes.  Stearic acid (2.845g) was added in the solution 

and the mixtures were refluxed at 70
o
C for 3h. The MSW was filtered and washed several 
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times with ethyl acetate. MSW was left to dry at room temperature.  Ethanol was used to 

remove CaO debris that are found on the surface of MSW. 

3.3 Preparation of tea bag kit 

 The SW (1g) and MSW (1g) were enclosed in a pack made of nonwoven 

polypropelene fabric of thickness 0.1cm to form ‘tea-bag kit’.  

3.4 Physical characterization 

3.4.1 Fourier transform infrared (FTIR) analysis 

 FTIR analysis was done upon SW and MSW to determine the functional groups that 

present before and after modification. The SW and MSW were blended with KBr and pressed 

into discs. The spectra were recorded on FTIR under ambient condition. 

3.4.2 Scanning electron microscope (SEM) analysis 

 The surface morphology of SW before and after esterification was examined with a 

SEM at 0.5 to 30kV.  

3.4.3 Density test 

 A measuring cylinder was pre-weight and SW was filled in till the 10mL measurement. 

The weight of SW was recorded. Three replicates were done and the density of SW was 

calculated using mathematical formula as shown: 

Density = mass (kg) / volume (m
3
) 

The same steps were repeated to determine the density of MSW and UEO.  
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3.5 Hydrophobicity test 

 De-ionized water (15ml) was poured into 30ml vial and loose SW (0.5g) was poured 

upon the surface of de-ionized water. The submerged for these two mixtures were observed 7 

days later. These steps were applied for loose MSW.  

 For SW bag kit, the de-ionized water (150ml) was poured into a 250ml beaker and SW 

bag kit with contain 0.5g SW was soaked upon the surface of de-ionized water. The 

submerged for these two mixtures were observed 7 days. The same steps were applied for 

MSW bag kit.   

3.6 Water sorption capacity test 

 De-ionized water (95ml) was poured into 250ml beaker followed by SW bag kit which 

was soaked on the top of the de-ionized water. The SW was left for 10, 20, 30 and 40 minutes 

with two systems were applied which are static and dynamic conditions. The SW bag kit was 

collected and air dried for 10 minutes. The weight of wet SW bag kit was recorded. The same 

steps were applied to determine the water sorption for MSW. The water sorption capacity was 

calculated using formula same as oil sorption capacity in Equation 1. 

3.7 Oil and water sorption test 

The oil and water sorption properties of the sago wastes were evaluated using a simple, 

easily reproduced and easily applied procedure. Three sorption systems were tested, namely 

the wet static system, wet dynamic system and dry system. All tests were conducted at room 

temperature and all weighing used with an analytical balance ±0.001g. The sorption was 

calculated as the ratio between the weight of oil absorbed and the weight of sorbent (Said et 

al., 2009b, Annunciado et al., 2005) as shown in equation 1 below: 
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Sorption  apacity  Weight of sorbent containing absorbed fl id -  nitial  eight of sorbent
 nitial  eight of sorbent

  (1) 

3.7.1 Dry system 

 UEO (95ml) was poured in 250ml of beaker. The SW bag kit was placed on the 

oil surface at different contact times which are 10, 20, 30, 40 minutes. The SW bag kit was 

collected and air dried to remove excess oil. The weight of SW bag kit containing fluid was 

recorded. Three replicates were done for each respective time. The same procedure was 

performed on MSW to determine it sorption capacity. 

3.7.2 Wet static system 

UEO (15ml) was poured containing 80 ml of de-ionized water at pH 7 in 250ml of 

beaker. The SW bag kit was placed on the oil surface at different contact times which are 10, 

20, 30, 40 minutes. The SW bag kit was collected and air dried to remove excess oil. The 

weight of SW bag kit containing fluid was recorded. Three replicates were done for each 

respective time. The same procedure was performed on MSW to determine it sorption 

capacity. 

3.7.3 Wet dynamic system 

 The same methods were done for this system except that a constant stirring condition 

was applied using orbital shaker Orbitron at 250 rpm speed. The tests were done for SW and 

MSW bag kit in three replicates. 

 

 


