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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science  

MODIFICATION OF COCONUT COIR AS ADSORBENT IN OIL SPILL 

REMOVAL 

By 

HAYATI BINTI MOHAMAD MUKHAIR 

May 2016 

Chairman : Professor Nor Azah Yusof, PhD 

Faculty   : Science 

Water pollution resulting from oil spill on water surface tends to have adverse effects 

on the environment and living organisms. Thus, researchers give a great deal of 

attention in rapid oil removal by using various types of adsorbent materials. Coconut 

coir, an agricultural waste, was chemically modified using esterification reaction by 

fatty acid chloride (oleoyl chloride and octanoyl chloride) and by graft 

copolymerization by using polymethyl acrylate (PMA) for oil adsorption purposes. The 

use of 10% (v/v) concentration of oleoyl chloride and octanoyl chloride were conclude 

to partial hydrophobically modified the coir surface via refluxing in DMAc/LiCl 

solvent system with present of 1% of NBS catalyst for 4 h at temperature range 70 - 

90˚C. Besides, the PMA-g-coir was successfully prepared via refluxing of coir with 

0.09 mol of methyl acrylate monomer for 2 h and at 70˚C. The maximum percentage of 

grafting (Pg) obtained is 136.32% respectively. The modified coir obtained was also 

characterized by FTIR, CHNSO analysis, FESEM, TGA, and contact angle 

measurement. From studies, it can be conclude oleoyl chloride is suitable fatty acid 

type compared to oleic acid. Besides, DMAc/LiCl is the suitable solvent system used in 

this study. The FTIR spectra showed that the coir was successfully esterified according 

to the existence of new peak corresponding to C=O carbonyl group of ester bond for 

long chain acyl group. Besides, the narrower peak of O-H corresponding to hydroxyl 

group also showed some of hydroxyl group in coir was modified. The high intensity of 

C-H stretching for CH2 and CH3 also indicates an increasing of alkyl group in esterified 

coir. For PMA-g-coir, the presence of C=O stretching of an ester functional group of 

polymethyl acrylate (PMA) give evidence of grafting. A new peak was also found 

which indicate C-H stretching in the PMA molecule. From CHNSO elemental analysis, 

it can be seen clearly that the percentage of C, H and O increasing upon the 

modification. This is due to the addition of long chain acyl group for coir-oleoate and 

coir-octanoate, and also due to polymethyl acrylate bond in PMA-g-coir. Thermal 

studied give the results that esterified coir had low thermal stability compared to raw 

coir due to the substitution of some hydroxyl group with acyl group which breaks the 

hydrogen bond in the polymer backbone. However, PMA-g-coir showed higher thermal 
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stability compared to raw coir which indicated that grafting process improved the 

thermal stability of coir.  

 

 

The ability of coir-oleoate, coir-octanoate and PMA-g-coir to adsorb oil on the surface 

of water was investigated. Although PMA-g-coir showed good hydrophobic character 

in instrumental analysis, it showed very poor oil adsorption capacity in all parameter 

studied. In effect of adsorbent dosage studied, it can be seen that 0.6 g coir-oleoate was 

able to remove 100% of 10 mL oil with adsorption capacity 12.27 g/g compared to 10 

g/g for both raw coir and coir-octanoate, while only 5.5 g/g for PMA-g-coir 

respectively at the same amount of adsorbent. The adsorption capacity of raw coir, 

coir-oleoate and coir-octanoate increase as the oil concentration increased until 

achieved equilibrium. In contact time study, the adsorption process seemed to occur 

rapidly during first 2 minutes and start to constant which showed the adsorbents 

displayed a fast adsorption property towards oil. The isotherm study indicated that the 

oil adsorption fitted well to Langmuir model rather than Freundlich model. Kinetic 

study showed that the oil adsorption data of raw coir, coir-oleoate, coir-octanoate, and 

PMA-g-coir fit well with pseudo-second-order kinetic model with correlation 

coefficient R
2
>0.99 and the experimental adsorption capacities is close to the calculated 

one. Water adsorption study conducted showed that modified coir adsorb water less 

than the raw coir both in water only and also in water-oil mixture. It showed that the 

new functional group present give hydrophobic properties to the coir. PMA-g-coir 

undoubtedly showed high hydrophobic property since it only adsorbs 20% of water in 

water and water-oil sample. In water-oil sample, all the adsorbents showed decreasing 

in water adsorption compared to in water sample. The study therefore suggests that 

esterified coconut coir can serve as a potential biomaterial for the adsorption of spilled 

oil during operational failures.  
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PENGUBAHSUAIAN SABUT KELAPA SEBAGAI PENJERAP SEMULAJADI 

DI DALAM MASALAH TUMPAHAN MINYAK 

 

Oleh 

 

HAYATI BINTI MOHAMAD MUKHAIR 

 

Mei 2016 

 

Pengerusi                      : Professor Nor Azah Yusof, PhD 

Fakulti                          : Sains 

 

 

Pencemaran air yang disebabkan oleh tumpahan minyak di permukaan air cenderung 

untuk mempunyai kesan buruk terhadap alam sekitar dan organisma hidup. Oleh itu, 

para penyelidik telah memberi perhatian yang serius dalam penyelidikan berkaitan 

penyingkiran minyak dengan menggunakan pelbagai jenis bahan penjerap minyak. 

Sabut kelapa, merupakan sisa pertanian, telah di ubah suai secara kimia menggunakan 

tindak balas pengesteran asid lemak klorida (oleoil klorida dan oktanoil klorida) dan 

tindak balas pengkopolimeran cangkuk menggunakan metil akrilat (PMA) untuk tujuan 

penjerapan minyak. Penggunaan 10% (v/v) kepekatan oleoil klorida dan oktanoil 

klorida telah berjaya  mengubah permukaan sabut menjadi lebih hidrofobik melalui 

proses refluks di dalam pelarut DMAc/LiCl dan menggunakan 1% (m/v) NBS sebagai 

pemangkin dengan mengambil masa selama 4 jam pada suhu di antara 70 - 90˚ C. 

Selain itu, PMA-g-coir telah berjaya disediakan melalui kaedah refluks antara tindak 

balas sabut dengan 0.09 mol cangkuk metil akrilat selama 2 jam dan pada suhu 70˚C. 

Peratusan maksimum cantuman (Pg) yang diperolehi adalah 136.32%. Sabut yang telah 

diubahsuai telah di analisis menggunakan kaedah FTIR, analisis CHNSO, FESEM, 

TGA, dan pengukuran sudut sentuh. Daripada kajian awal, ia dapat disimpulkan 

bahawa oleoil klorida merupakan jenis asid lemak yang lebih sesuai berbanding asid 

oleik. Selain itu, DMAc/LiCl adalah sistem pelarut yang paling sesuai digunakan dalam 

kajian ini. Berdasarkan keputusan daripada spektrum FTIR, ia menunjukkan bahawa 

pengesteran sabut telah berjaya dengan kewujudan puncak baru yang mewakili C=O 

kumpulan karbonil daripada ester untuk kumpulan asid rantai panjang. Selain itu, 

dengan berkurangnya keluasan spektum kumpulan hidroksil O-H juga menunjukkan 

beberapa kumpulan hidroksil dalam sabut telah diubah suai. Intensiti yang tinggi pada 

puncak spektra CH2 dan CH3 menunjukkan semakin banyak kumpulan alkil dalam 

sabut ester. Untuk PMA-g-coir, intensiti yang tinggi bagi spektrum C=O mewakili 

kumpulan berfungsi ester polymethyl akrilat (PMA) membuktikan percantuman telah 

berjaya. Puncak baru di 828 cm
-1

 juga menunjukkan kumpulan alkil C-H yang terdapat 

dalam molekul PMA itu. Dari CHNSO analisis unsur, ia boleh dilihat dengan jelas 

bahawa peratusan C, H dan O semakin meningkat selepas pengubahsuaian di lakukan. 

Ini disebabkan oleh penambahan kumpulan asil rantai panjang untuk coir-oleoat dan 
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coir-oktanoat, dan juga disebabkan oleh ikatan polimethil akrilat PMA-g-coir. Kajian 

kestabilan terma menunjukkan bahawa sabut ester mempunyai kestabilan haba yang 

rendah berbanding sabut mentah kerana penggantian beberapa kumpulan hidroksil 

dengan kumpulan asil yang memecah ikatan hidrogen dalam tulang belakang polimer. 

Walau bagaimanapun, PMA-g-coir menunjukkan kestabilan haba yang lebih tinggi 

berbanding dengan sabut mentah yang menunjukkan bahawa proses cantuman 

meningkatkan kestabilan terma sabut. 

 

 

Keupayaan coir-oleoat, coir-oktanoat dan PMA-g-coir untuk menjerap minyak di 

permukaan air telah dikaji. Walaupun PMA-g-coir menunjukkan karakter hidrofobik 

yang sangat baik dalam analisis instrumen, ia menunjukkan kapasiti penjerapan minyak 

yang sangat rendah dalam semua parameter yang dikaji. Dalam kajian kesan dos bahan 

penjerap, ia boleh dilihat bahawa 0.6 g coir-oleoate dapat menyingkirkan 100% 

daripada 10 mL minyak dengan kapasiti penjerapan 12 g/g berbanding 10 g/g untuk 

kedua-dua sabut mentah dan coir-oktanoat, manakala hanya 5.5 g/g untuk PMA-g-coir 

pada jumlah dos yang sama. Kapasiti penjerapan sabut mentah, coir-oleoat dan coir-

oktanoat meningkat selari dengan peningkatan kepekatan minyak sehingga 

keseimbangan tercapai. Untuk PMA-g-coir, keputusan yang diperolehi tidak konsisten 

dan memberikan kapasiti penjerapan yang sangat rendah. Dalam kajian kesan daripada 

masa penjerapan, ia menunjukkan proses penjerapan berlaku dengan sangat cepat 

dalam 2 minit pertama dan mula malar pada minit seterusnya. Ia menunjukkan semua 

penjerap berupaya menjerap minyak dengan sangat cepat. Kajian isoterma 

menunjukkan penjerapan minyak mematuhi dengan baik model Langmuir berbanding 

model Freundlich. Kajian kinetik pula menunjukkan bahawa data penjerapan minyak 

bagi sabut mentah, coir-oleoate, coir-oktanoate dan PMA-g-coir mematuhi pseudo-

kedua untuk model kinetik dengan pekali korelasi R
2
> 0.99 dan kapasiti penjerapan 

bagi eksperimen berhampiran dengan yang dikira. Kajian penjerapan air yang 

dijalankan menunjukkan bahawa sabut diubahsuai menjerap air kurang daripada sabut 

mentah di dalam kedua – dua keadaan iaitu di dalam air sahaja dan juga di dalam 

campuran air-minyak. Ia menunjukkan bahawa kehadiran kumpulan berfungsi baru 

daripada proses pengubahsuaian memberikan ciri-ciri hidrofobik untuk sabut tersebut. 

PMA-g-coir menunjukkan sifat hidrofobik yang tinggi kerana ia hanya menjerap 20% 

air dalam sampel air dan air-minyak. Dalam sampel air-minyak, semua penjerap 

menunjukkan penurunan dalam penjerapan air berbanding dalam sampel air sahaja. 

Oleh itu, kajian ini menunjukkan bahawa sabut kelapa ester boleh berfungsi sebagai 

biomaterial yang berpotensi untuk menjerap minyak yang tumpah semasa kegagalan 

operasi. 
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multiplied by 100%. 

%(v/v) concentration of a substance in solution expressed as ratio of 

 the volume of the substance to the total volume of the solution 

 multiplied by 100% 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Problem statement 

 

 

Oil spill has become one of the major problems all around the world starting from 

thousands of years ago. Recently, a lot of oil spill problems are reported which 

involved established and developed countries (Lim and Huang, 2006). Oil spill 

accidents can be due to the human mistakes such as war and illegal dumping or also 

can be caused by the oil drilling operations, accidents involving oil tankers, runoffs 

from offshore oil explorations, and spills from tanker loading and unloading operations 

(Chapman et al., 2007). The spill of oil on the surface of water gives adverse effect not 

only towards environment and marine ecosystem, but also in human life. Thus, 

researchers give a great deal of attention in rapid oil removal and many commercial 

methods have been developed for the same purpose. Numbers of methods are 

applicable and widely used including boom, skimmer, surfactant, solidifier and 

adsorbent. 

 

 

Crude oil and petroleum based oil products are persistently poisons and have a bad 

impact directly or indirectly towards marine organism as well as human. These injuries 

may occur at organism, population or community level (Aguilera et al., 2010). Usually, 

hydrocarbon from oil can enter the marine food chain and then be passed from prey to 

predator. The toxicity of oil spill is depending on the concentration of the light 

aromatic components in the oil and the duration of exposure to these components. For 

example, light crude oil and light refined products such as petrol or kerosene contain 

relatively high proportions of low molecular weight aromatic compounds that can 

cause acute toxic effects.   

 

 

Generally, oil spill can affect animals and plants in two ways whether from the oil itself 

or from the response or cleanup operations. Spilled oil can harm living things because 

its chemical constituents are poisonous. This can affect organisms both from internal 

exposure to oil through ingestion or inhalation and from external exposure through skin 

and eye irritation. Oil can also smother some small species of fish or invertebrates and 

coat feathers and fur, reducing birds' and mammals' ability to maintain their body 

temperatures (http://response.restoration.noaa.gov retrieved 9
th

 April 2014).  

 

 

Besides that, oil spills can cause serious damage to fishery resources through physical 

contamination, toxic effects on stock and by disrupting business activities. The nature 

and extent of the impact on seafood production depends on the characteristics of the 

spilled oil, the circumstances of the incident and the type of fishing activity or business 

affected. 

 

 

http://response.restoration.noaa.gov/
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1.2 Background of study 
 

 

One of the most efficient and favourable method in remediating the oil spill is sorption 

by adsorbents. It is proven to be the best method for oil spills cleaned up because it 

allows the collection and complete removal of oil from the oil spill area. Besides, the 

addition of adsorbent will cause the liquid oil change to semi – solid phase which then 

can be easily remove from the water surface (Lim and Huang, 2006). 

 

 

Activated carbon has undoubtedly been the most popular and widely used adsorbent in 

wastewater treatment throughout the world. Charcoal, the forerunner of modern 

activated carbon has been recognized as the oldest adsorbent known in wastewater 

treatment due to high adsorption capacity and porous structure. Activated carbon is 

produced by a process consisting of raw material dehydration and carbonization 

followed by activation (Bhatnagar and Sillanpää, 2010). However, it also has 

disadvantage due to the fact that emulsified oil can blind its pore spaces during 

operation and the high cost activated carbon limited its application in large scale oil 

spill removal (Alther, 1995). Recently, materials with super-oleophilic properties have 

attracted considerable interest in the field of oil-water separation. Carbon nanotubes 

(Gui et al., 2010), mesh films (Feng et al., 2004) and graphene (Bi et al., 2012) have all 

been used for separating oil from water. However, in spite of abundant uses of these 

types of adsorbents, these materials have limitations for practical applications such as 

high costs, complex preparation processes, and difficulties in fabrication.  

 

 

The usage of non-commercial biomaterials has a great potential as oil adsorbent 

nowadays because of their high sorption capacity, low cost, biocompatibility, non – 

toxic, and biodegradability as an alternative to replace activated carbon. The use of 

cheap and eco-friendly adsorbent which might have good potential in removing an oil 

spill from surface of water are worth to explore since these materials are easily 

available. The possibilities for cleaning oil pollution by adsorbents on the basis of 

fibers, polymer, and wood, however, have not been well investigated. Good 

remediation of oil- polluted water can be achieved with wood-fibrous adsorbents, and 

in particular with fibrous and lignin-containing materials due to their high sorption 

capacity towards oil, oil products, and heavy metals. These fibrous materials are cheap, 

as well as being waste agricultural product with high sorption ability. Agricultural 

wastes which have been used for this purpose are sugarcane bagasse, cotton, straw, 

corn corb, peat moss, kapok fiber, banana trunk, natural wool, and etc.  

 

 

Chitosan is also widely applied in water and wastewater treatment as effective 

adsorbent material. It has characteristics of coagulants and flocculants, high cationic 

charge density, long polymer chains, bridging of aggregates and precipitation that make 

it an effective coagulant and flocculant for removal of contaminants (Renault et al., 

2008). It has been reported from previous study that chitosan has high adsorption 

affinity towards oil as studied by (Ahmad et al., 2005). Compared to bentonite and 

activated carbon, chitosan showed the best removal of residual oil from Palm oil mill 

effluent (POME) with 99% of removal. Sokker et al., (2011) studied the modified 

chitosan based polyacrylamide (PAM) prepared by radiation induced graft 

polymerization towards the adsorption of crude oil with removal efficiency of 2.3 g/g. 
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Rajakovic et al., (2007) reported that the natural organic adsorbent which are natural 

wool fiber (NWF) and recycled – wool – based nonwoven material (RNWM) showed 

maximal efficiency and maximal oil adsorptivity compared to inorganic adsorbent 

which are sepiolite and bentonite. Based on studies by Abdullah et al., (2010) and Lim 

and Huang, (2006), they reported that kapok (fibrous cottonlike substance that grows 

around the seeds of the ceiba tree) has higher oil adsorption capacity compared to 

polypropylene and it remains stable after more than three cycles of used. 

 

 

Nevertheless, biopolymers themselves have limited application as oil adsorbent due to 

their hygroscopic property. The hydroxyl groups in each glucose molecules from 

cellulose and hemicelluloses offer the possibility to react with water molecules and 

form hydrogen bonds which cause them to sink and decrease it buoyancy. High water 

uptake is associated with the low hydrophobicity or water repelling ability of the 

adsorbents that will reduce the effectiveness of adsorbent microporous structure to 

adsorb oil due to high water uptake (Likon et al., 2013). In response, many studies have 

been conducted on various surface modification to improve the oil removal efficiency 

and hydrophobicity of natural adsorbent by mean of alkalization (Abdullah et al., 2010), 

acetylation (Adebajo and Frost, 2004), and esterification (Banerjee et al., 2006). 

Besides that, introduction of coupling agent, latex coating, silylation and end peroxide 

treatment on fiber also can enhance the hydrophobicity of the fiber (Sreekala and 

Thomas, 2003). 

 

 

The introduction of hydrophobic functional groups into the backbone of lignocellulose 

structures will significantly decrease their hydrophilicity as reported by previous 

researcher (Ramadevi et al., 2015). The example of oil sorption mechanism by 

esterified coir is showed in Figure 1.1. In this present study, two types of chemical 

modification which are acylation and graft-copolymerization were studied to 

hydrophobically modified lignocellulose materials. Acylation reaction will introduced 

long chain hydrocarbon into lignocellulose backbone by esterification reaction whereas 

graft-copolymerization will introduced long chain polymer which covalently attached 

to the lignocellulose to form copolymer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Propose oil adsorption process by esterified coir 
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1.3 Objectives of study 

 

 

The general objective of this study was to develop an oil adsorbent material from 

agricultural waste which is coconut coir. The specific objectives of this study were 

1) To modify the coconut coir by esterification reaction using fatty acid chloride and 

graft-copolymerization using methyl acrylate. 

2) To characterize the raw and modified coir. 

3) To compare the adsorption capacity of raw coir, coir-oleoate, coir-octanoate and 

PMA-g-coir adsorbents towards oil adsorption. 

 

 

1.4 Significant of study 

 

 

The contribution of this study would be of interest to develop oil adsorbent from 

agricultural waste product with high adsorption capacity, low cost and have 

biodegradable property. The findings of this study showed that partial esterification of 

coconut coir give more hydrophobic property as well as increase its oil adsorptivity. 

Thus, this study will help to understand the modification reaction involved 

lignocelluloses materials and its effect towards oil adsorption properties. 

 

 



© C
OPYRIG

HT U
PM

55 

 

REFERENCES 

 

 

Abdullah, M. A., Rahmah, A. U., and Man, Z. (2010). Physicochemical and sorption 

characteristics of Malaysian Ceiba pentandra ( L .) Gaertn as a natural oil 

adsorbent. Journal of Hazardous Materials, 177(1-3), 683–691.  

Abu-Ilaiwi, F. a, Ahmad, M. B., Ibrahim, N. A., Ab Rahman, M. Z., Dahlan, K. Z. M., 

and Zin Wan Yunus, W. M. (2004). Optimized conditions for the grafting 

reaction of poly(methyl acrylate) onto rubberwood fiber. Polymer International, 

53(4), 386–391.  

Acemioglu, B., and Alma, M. H. (2001). Equilibrium studies on adsorption of Cu (II) 

from aqueous solution onto cellulose. Journal of Colloid and Interface 

Science, 243(1), 81-84. 

Adebajo, M. O., and Frost, R. L. (2004). Acetylation of raw cotton for oil spill cleanup 

application: an FTIR and 13 C MAS NMR spectroscopic 

investigation. Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy, 60(10), 2315-2321. 

Aguirre, M., Paulis, M., and Leiza, J. R. (2014). Particle nucleation and growth in 

seeded semibatch miniemulsion polymerization of hybrid CeO 2/acrylic latexes. 

Polymer, 55(3), 752-761. 

Ahmad, A. L. L., Sumathi, S., and Hameed, B. H. H. (2005). Residual oil and 

suspended solid removal using natural adsorbents chitosan, bentonite and 

activated carbon: A comparative study. Chemical Engineering Journal, 108(1-2), 

179–185.  

Ali, I., Asim, M., and Khan, T. A. (2012). Low cost adsorbents for the removal of 

organic pollutants from wastewater. Journal of Environmental Management,113, 

170-183. 

Alihosseini, A., Taghikhani, V., Safekordi, A. A., and Bastani, D. (2010). Equilibrium 

sorption of crude oil by expanded perlite using different adsorption isotherms at 

298.15 k. International Journal of Environmental Science and Technology, 7(3), 

591-598. 

Alther, G. R. (1995). Organically modified clay removes oil from water. Waste 

Management, 15(8), 623-628. 

Anirudhan, T. S., and Jalajamony, S. (2010). Cellulose-based anion exchanger with 

tertiary amine functionality for the extraction of arsenic ( V ) from aqueous 

media. Journal of Environmental Management, 91(11), 2201–2207. 



© C
OPYRIG

HT U
PM

56 

 

Annunciado, T. R., Sydenstricker, T. H. D., and Amico, S. C. (2005). Experimental 

investigation of various vegetable fibers as adsorbent materials for oil 

spills. Marine Pollution Bulletin, 50(11), 1340-1346. 

Anthony, W. S. (1994). Absorption of oil with cotton products and kenaf. Applied 

Engineering in Agriculture, 10(3), 357-361. 

Araki, J., Wada, M., and Kuga, S. (2001). Steric stabilization of a cellulose 

microcrystal suspension by poly (ethylene glycol) grafting. Langmuir, 17(1), 21-

27. 

Banerjee, S.S., Joshi, M.V., Jayaram, R.V., (2006). Treatment of oil spills using 

organo- fly ash. Desalination 195 (1–3), 32–39. 

Bhatnagar, A., and Sillanpää, M. (2010). Utilization of agro-industrial and municipal 

waste materials as potential adsorbents for water treatment—A review. Chemical 

Engineering Journal, 157(2-3), 277–296.  

Bhattacharyya, K. G., and Gupta, S. S. (2006). Kaolinite, montmorillonite, and their 

modified derivatives as adsorbents for removal of Cu (II) from aqueous 

solution. Separation and Purification Technology, 50(3), 388-397. 

Bi, H., Xie, X., Yin, K., Zhou, Y., Wan, S., He, L., and Ruoff, R. S. (2012). Spongy 

graphene as a highly efficient and recyclable adsorbent for oils and organic 

solvents. Advanced Functional Materials, 22(21), 4421-4425. 

Bismarck, A., Aranberri-Askargorta, I., Springer, J., Mohanty, A. K., Misra, M., 

Hinrichsen, G., and Czapla, S. (2001). Surface characterization of natural fibers; 

surface properties and the water up-take behavior of modified sisal and coir 

fibers. Green Chemistry, 3(2), 100-107.  

Brandao, P. C., Souza, T. C., Ferreira, C. A., Hori, C. E., and Romanielo, L. L. (2010). 

Removal of petroleum hydrocarbons from aqueous solution using sugarcane 

bagasse as adsorbent, Journal of Hazardous Materials, 175, 1106–1112.  

Carmody, O., Frost, R., Xi, Y., and Kokot, S. (2007). Adsorption of hydrocarbons on 

organo-clays—implications for oil spill remediation, Journal of Colloid and 

Interface Science, 305(1), 17-24. 

Chen, H. (2014). Chemical composition and structure of natural lignocellulose.  

Biotechnology of Lignocellulose (25-71). Springer Netherlands. 

Ceylan, D., Dogu, S., Karacik, B., Yakan, S. D., Okay, O. S., and Okay, O. (2009). 

Evaluation of butyl rubber as adsorbent material for the removal of oil and 

polycyclic aromatic hydrocarbons from seawater. Environmental Science and 

Technology, 43(10), 3846-3852. 



© C
OPYRIG

HT U
PM

57 

 

Chapman, H., Purnell, K., Law, R. J., and Kirby, M. F. (2007). The use of chemical 

dispersants to combat oil spills at sea : A review of practice and research needs in 

Europe, Marine Pollution Bulletin, 54(7), 827-838. 

Chauhan, G. S., Mahajan, S., and Guleria, L. K. (2000). Polymers from renewable 

resources: sorption of Cu
2+

 ions by cellulose graft copolymers. Desalination, 

130(1), 85–88.  

Choi, J., Lee, T., Yoo, J. Y., and Park, J. W. (2004). Organobentonite for sorption and 

degradation of phenol in the presence of heavy metals. Water, Air, and Soil 

Pollution, 154(1-4), 225-237. 

Connors, K. A. and Albert, K. S. (1973). Determination of hydroxyl compounds by 4-

methyaminopyridine-catalyzed acetylation. Journal of Pharmaseutical Science, 

62, 845-846.  

Conrad, K., and Bruun Hansen, H. C. (2007). Sorption of zinc and lead on coir. 

Bioresource Technology, 98(1), 89–97.  

Corrales, F., Vilaseca, F., Llop, M., Gironès, J., Méndez, J. a, and Mutjè, P. (2007). 

Chemical modification of jute fibers for the production of green-composites. 

Journal of Hazardous Materials, 144(3), 730–5.  

Das, A. M., Chowdhury, P. K., Saikia, C. N., and Rao, P. G. (2009). Some Physical 

Properties and Structure Determination of Vinyl Monomer-Grafted Antheraea 

assama Silk Fiber, Industrial Engineering Chemical Resource, 48, 9338–9345. 

Da Silva, U. G., Melo, M. A. D. F., da Silva, A. F., and de Farias, R. F. (2003). 

Adsorption of crude oil on anhydrous and hydrophobized vermiculite. Journal of 

colloid and interface science, 260(2), 302-304. 

Deschamps, G., Caruel, H., Borredon, M.-E., Bonnin, C., and Vignoles, C. (2003). Oil 

removal from water by sorption on hydrophobic cotton fibers. 1. Study of 

sorption properties and comparison with other cotton fiber-based adsorbents. 

Journal of Environment Science Technology, 37, 1013–1015. 

 

Duong, H. T., and Burford, R. P. (2006). Effect of foam density, oil viscosity, and 

temperature on oil sorption behavior of polyurethane. Journal of Applied 

Polymer Science, 99(1), 360-367. 

Eromosele, I. C., and Bayero, S. S. (2000). Adsorption of chromium and zinc ions from 

aqueous solutions by cellulosic graft copolymers. Bioresource Technology, 71(3), 

279–281.  

Feng, L., Zhang, Z., Mai, Z., Ma, Y., Liu, B., Jiang, L., and Zhu, D. (2004). A 

super‐hydrophobic and super‐oleophilic coating mesh film for the separation of 

oil and water. Angewandte Chemie International Edition, 43(15), 2012-2014. 



© C
OPYRIG

HT U
PM

58 

 

Fernanda, P., Figueiredo, T., Gimenez, I. F., Gomes, A., Filho, S., and Silva, L. (2009). 

Conductive carbon – clay nanocomposites from petroleum oily sludge. Journal of 

Hazardous Materials, 167, 879–884.  

Freire, C. S. R., Silvestre, A. J. D., Neto, C. P., Belgacem, M. N., and Gandini, A. 

(2006). Controlled heterogeneous modification of cellulose fibers with fatty 

acids: effect of reaction conditions on the extent of esterification and fiber 

properties. Journal of Applied Polymer Science, 100(2), 1093-1102.  

Gangopadhyay, R., and Ghosh, P. (1999). Uncatalyzed photografting of 

polyacrylamide from functionalized cellulosic and lignocellulosic materials. 

Journal of Applied Polymer Science, 74(7), 1623-1634. 

Geethamma, V. G., Mathew, K. T., Lakshminarayanan, R., and Thomas, S. (1998). 

Composite of short coir fibres and natural rubber: effect of chemical 

modification, loading and orientation of fibre. Polymer, 39(6), 1483-1491. 

Gui, X., Wei, J., Wang, K., Cao, A., Zhu, H., Jia, Y., and Wu, D. (2010). Carbon 

nanotube sponges. Advanced materials, 22(5), 617-621. 

Gupta, K. C., Sahoo, S., and Khandekar, K. (2002). Graft copolymerization of ethyl 

acrylate onto cellulose using ceric ammonium nitrate as initiator in aqueous 

medium. Biomacromolecules, 3(5), 1087–94.  

Haron, M.J., Tiansin, M., Ibrahim, N.A., Kassim, A. and Wan Yunus, W.M.Z. (2009). 

Sorption of Cu (II) by polyhydroxamic acid chelating exchanger prepared from 

polymethyl acrylate grafted oil palm empty fruit bunch. Bioresources, 4(4), 

1305-1318.  

Henniges, U., Schiehser, S., Rosenau, T., and Potthast, A. (2010). Cellulose solubility: 

dissolution and analysis of ―problematic‖ cellulose pulps in the solvent system 

DMAc/LiCl. Cellulose solvents: for analysis, shaping and chemical modification. 

American Chemical Society, Washington, DC, 165-177. 

Hill, C. A. S., and Abdul Khalil, H. P. S. (2000). Effect of fiber treatments on 

mechanical properties of coir or oil palm fiber reinforced polyester composites. 

Journal of Applied Polymer Science, 78(9), 1685–1697. 

http://response.restoration.noaa.gov (retrieved 9
th

 April 2014) 

http://www.biofuel.webgarden.com (retrieved 23
rd

 April 2013) 

Hussein, N. I., Wahab, N. A. A., Isa, N., and Boudville, R. (2011). Sorption 

equilibrium and kinetics of oil from aqueous solution using banana pseudostem 

fibers. In International Conference on Environment and Industrial Innovation, 

12, 177-182. 



© C
OPYRIG

HT U
PM

59 

 

Hussein, M., Ameer, A. A., and Sawsan, I. I. (2008). Oil spill sorption using 

carbonized pith bagasse. Preparation and characterization of carbonized pith 

bagasse. Journal of Analytical and Applied Pyrolysis, 82, 205-211. 

Ibrahim, S., Wang, S., and Ang, H. M. (2010). Removal of emulsified oil from oily 

wastewater using agricultural waste barley straw. Biochemical Engineering 

Journal, 49(1), 78–83.  

Ifelebuegu, A. O., and Momoh, Z. (2015). An Evaluation of the Adsorptive Properties 

of Coconut Husk for Oil Spill Cleanup. adsorption. Journal of Advances in 

Applied Science and Environmental Technology,  6(7), 8. 

Igwe, J. C., Abia, A. A., and Ibeh, C. A. (2008). Adsorption kinetics and 

intraparticulate diffusivities of Hg , As and Pb ions on unmodified and thiolated 

coconut fiber. Journal. Environmental Science. 5(1), 83–92. 

Inagaki, M., Kawahara, A., and Konno, H. (2002). Sorption and recovery of heavy oils 

using carbonized fir fibers and recycling. Carbon, 40(1), 105-111. 

Jadhav, A. S., Naniwadekar, M. Y., Shinde, N. H., and Anekar, S. V. (2011). Study of 

adsorbtion of oil from oily water using human hair. International Journal of 

Advanced Engineering Technology, 2, 37-51. 

Jandura, P., Riedl, B., and Kokta, B. V. (2000). Thermal degradation behavior of 

cellulose fibers partially esterified with some long chain organic acids. Polymer 

Degradation and Stability, 70, 387–394. 

Jenkins, D. W., and Hudson, S. M. (2001). Review of Vinyl Graft Copolymerization 

Featuring Recent Advances toward Controlled Radical-Based Reactions and 

Illustrated with Chitin / Chitosan Trunk Polymers. Chemical Review, 101, 

3245−3273. 

Jonoobi, M., Harun, J., Mathew, A. P., Hussein, M. Z. B., and Oksman, K. (2009). 

Preparation of cellulose nanofibers with hydrophobic surface characteristics. 

Cellulose, 17(2), 299-307. 

Kalia, S., Kaith, B. S., and Kaur, I. (2009). Pretreatments of Natural Fibers and their 

Application as Reinforcing Material in Polymer Composites — A Review. 

Polymer Engineering Science, 49, 1253–1272. 

Karimi, B., and Seradj, H. (2001). N-bromosuccinimide (NBS), a novel and highly 

effective catalyst for acetylation of alcohols under mild reaction conditions. 

Synlett, 4, 519-520. 

Kavitha, D., and Namasivayam, C. (2007). Experimental and kinetic studies on 

methylene blue adsorption by coir pith carbon. Bioresource Technology, 98(1), 

14–21.  



© C
OPYRIG

HT U
PM

60 

 

Khan, F., and Ahmad, S. R. (1997). Graft copolymerization reaction of water-

emulsified methyl methacrylate with preirradiated jute fiber. Journal of Applied 

Polymer Science, 65(3), 459-468. 

Kulkarni, A. G., Satyanarayana, K. G., Sukumaran, K., and Rohatgi, P. K. (1981). 

Mechanical behaviour of coir fibres under tensile load. Journal of Materials 

Science, 16(4), 905-914. 

Lessad, R. R., and Demarco, G. (2000). The significance of oil dispersants. Spill 

Science and Technology Bulletin, 6(1), 59-68. 

Likon, M., Remškar, M., Ducman, V., and Švegl, F. (2013). Populus seed fibers as a 

natural source for production of oil super abadsorbents. Journal of Environmental 

Management, 114, 158-167. 

Lim, T. T., and Huang, X. (2006). In situ oil/water separation using hydrophobic–

oleophilic fibrous wall: a lab-scale feasibility study for groundwater cleanup. 

Journal of Hazardous Materials, 137(2), 820-826.  

Lin, J., Shang, Y., Ding, B., Yang, J., Yu, J., and Al-Deyab, S. S. (2012). Nanoporous 

polystyrene fibers for oil spill cleanup. Marine Pollution Bulletin, 64(2), 347-

352. 

Liu, Y., Ma, J., Wu, T., Wang, X., Huang, G., Liu, Y., and Gao, J. (2013). Cost-

effective reduced graphene oxide-coated polyurethane sponge as a highly 

efficient and reusable oil-abadsorbent. ACS Applied Materials and 

Interfaces, 5(20), 10018-10026. 

Medeiros, M. A., Sansiviero, M. T., Araujo, M. H., and Lago, R. M. (2009). 

Modification of vermiculite by polymerization and carbonization of glycerol to 

produce highly efficient materials for oil removal. Applied Clay Science, 45(4), 

213-219. 

Mohanty, A. K., Tripathy, P. C., Misra, M., Parija, S., and Sahoo, S. (2000). Chemical 

modification of pineapple leaf fiber: graft copolymerization of acrylonitrile onto 

defatted pineapple leaf fibers. Journal of Applied Polymer Science, 77(14), 3035-

3043. 

Mysore, D., Viraraghavan, T., and Jin, Y. C. (2005). Treatment of oily waters using 

vermiculite. Water Research, 39(12), 2643-2653. 

Najjar, A. M. K., Yunus, W. M. Z. W., Ahmad, M. B., and Rahman, M. Z. A. (2000). 

Preparation and characterization of poly (2‐acrylamido‐2‐methylpropane‐sulfonic 

acid) grafted chitosan using potassium persulfate as redox initiator. Journal of 

Applied Polymer Science, 77(10), 2314-2318. 



© C
OPYRIG

HT U
PM

61 

 

Namasivayam, C., and Kavitha, D. (2002). Removal of Congo Red from water by 

adsorption onto activated carbon prepared from coir pith, an agricultural solid 

waste. Dyes and pigments, 54(1), 47-58. 

Namasivayam, C., and Sangeetha, D. (2005). Equilibrium and kinetic studies of 

adsorption of phosphate onto ZnCl2 activated coir pith carbon. Journal Colloid 

Interface Science, 280-359. 

Namasivayam, C., and Kavitha, D. (2006). IR, XRD and SEM studies on the 

mechanism of adsorption of dyes and phenols by coir pith carbon from aqueous 

phase. Microchemical Journal, 82(1), 43-48. 

Namazi, H., and Dadkhah, A. (2010). Convenient method for preparation of 

hydrophobically modified starch nanocrystals with using fatty acids. 

Carbohydrate Polymers, 79(3), 731-737. 

Nduka, J. K., Ezenweke, L. O., and Ezenwa, E. T. (2008). Comparison of the mopping 

ability of chemically modified and unmodified biological wastes on crude oil and 

its lower fractions. Bioresource Technology, 99(16), 7902–5. 

Neises, B., and Steglich, W. (1985). Esterification of Carboxylic Acids with 

Dicyclohexylcarbodiimide/4‐Dimethylaminopyridin tert‐Butyl Ethyl 

Fumarate. Organic Syntheses, 183-183. 

Ngah, W. W., and Hanafiah, M. A. K. M. (2008). Removal of heavy metal ions from 

wastewater by chemically modified plant wastes as adsorbents: a 

review. Bioresource Technology, 99(10), 3935-3948. 

Nishioka, N., Funakoshi, M., Inamoto, K., Uno, M., and Ueda, A. (2010). Thermal 

Decomposition of Cellulose / Synthetic Polymer Blends Containing Grafted 

Products . V . Cellulose / Polystyrene Blends. Journal of Applied Polymer 

Science,118, 2482–2487. 

Nonaka, T., Noda, E., and Kurihara, S. (2000). Graft copolymerization of vinyl 

monomers bearing positive charges or episulfide groups onto loofah fibers and 

their antibacterial activity. Journal of Applied Polymer Science, 77(5), 1077-

1086. 

Peng, D., Lan, Z., Guo, C., Yang, C., and Dang, Z. (2013). Application of cellulase for 

the modification of corn stalk: leading to oil sorption. Bioresource Technology, 

137, 414–8.  

Quek, S. Y., Wase, D. A. J., and Fellow, C. F. F. (1998). Coir as a biosorbent of copper 

and lead, Institution of Chemical Engineers, 76, 50-54. 

Quimica, E. De, Tecnologia, C. De, and Janeiro, R. De. (2000). The effect of a 

chemical treatment on the structure and morphology of coir fibers, Journal of 

Materials Science Letters, 19, 2151– 2153. 



© C
OPYRIG

HT U
PM

62 

 

Rahman, L., Silong, S., Zin, W. M., Rahman, M. Z. A. B., Ahmad, M., and Haron, J. 

(2000). Graft copolymerization of methyl acrylate onto sago starch using ceric 

ammonium nitrate as an initiator. Journal of Applied Polymer Science, 76(4), 

516-523. 

Rajakovic, V., Aleksic, G., Radetic, M., and Rajakovic, L. (2007). Efficiency of oil 

removal from real wastewater with different adsorbent materials. Journal of 

Hazardous Materials, 143(1), 494-499. 

Rajakovic, V., Aleksi, G., and Rajakovic., L. (2008). Governing factors for motor oil 

removal from water with different sorption materials. Journal of Hazardous 

Materials, 154, 558–563.  

Raju, G., Ratnam, C. T., Ibrahim, N. A., Rahman, M. Z. A., and Yunus, W. M. Z. W. 

(2007). Graft Copolymerization of Methyl Acrylate onto Oil Palm Empty Fruit 

Bunch (OPEFB) Fiber. Polymer-Plastics Technology and Engineering, 46(10), 

949–955.  

Ramadevi, P., Dhanalakshmi, S., and Basavaraju, B. (2015). Effect of Chemical 

Treatments on Tensile Strength of Areca Fiber Reinforced Natural Rubber 

Composites. IOSR Journal of Applied Chemistry, 8(5), 43-52. 

Rana, A. K., Basak, R. K., Mitra, B. C., Lawther, M., and Banerjee, A. N. (1997). 

Studies of acetylation of jute using simplified procedure and its 

characterization. Journal of Applied Polymer Science, 64(8), 1517-1523.  

Renault, F., Morin-Crini, N., Gimbert, F., Badot, P. M., and Crini, G. (2008). 

Cationized starch-based material as a new ion-exchanger adsorbent for the 

removal of CI Acid Blue 25 from aqueous solutions. Bioresource Technology, 

99(16), 7573-7586. 

Rengasamy, R. S., Das, D., and Karan, C. P. (2011). Study of oil sorption behavior of 

filled and structured fiber assemblies made from polypropylene, kapok and 

milkweed fibers. Journal of Hazardous Materials, 186(1), 526-532. 

Rout, J., Misra, M., and Mohanty, A. K. (1999). Surface modification of coir fibers I: 

studies on graft copolymerization of methyl methacrylate on to chemically 

modified coir fibers. Polymers for Advanced Technologies, 10(6), 336-344. 

Rowell, R. M. (1986). A simplified procedure for the acetylation of hardwood and 

softwood flakes for flakeboard production. Journal of Wood Chemistry and 

Technology, 6(3), 427–448. 

Roy, D., Semsarilar, M., Guthrie, J. T., and Perrier, S. (2009). Cellulose modification 

by polymer grafting: a review. Chemical Society Reviews, 38(7), 2046–64.  



© C
OPYRIG

HT U
PM

63 

 

Sabir, S. (2015). Approach of Cost-Effective Adsorbents for Oil Removal from Oily 

Water. Critical Reviews in Environmental Science and Technology, 45(17), 1916-

1945. 

Saheb, D. N., and Jog, J. P. (1999). Natural fiber polymer composites: a 

review.Advances in Polymer Technology, 18(4), 351-363. 

Said, A., Ludwick, A. G., and Aglan, H. A. (2009). Usefulness of raw bagasse for oil 

absorption: a comparison of raw and acylated bagasse and their components. 

Bioresource Technology, 100(7), 2219–22.  

Saito, M., Ishi, N., Ogura, S., Maemura, S., and Suzuki, H. (2003). Development and 

water tank tests of sugi bark adsorbent (SBS). Spill Science Technology Bulletin. 

8, 475–482. 

Sathasivam, K., and Mas Haris, M. R. H. (2010). Adsorption Kinetics and Capacity of 

Fatty Acid-Modified Banana Trunk Fibers for Oil in Water. Water, Air, and Soil 

Pollution, 213(1-4), 413–423.  

Sayed, S. A., and Zayed, A. M. (2006). Investigation of the effectiveness of some 

adsorbent materials in oil spill clean-ups. Desalination, 194(1), 90-100. 

Sidik, S. M., Jalil, a. a., Triwahyono, S., Adam, S. H., Satar, M. a. H., and Hameed, B. 

H. (2012). Modified oil palm leaves adsorbent with enhanced hydrophobicity for 

crude oil removal. Chemical Engineering Journal, 203, 9–18.  

Singh, V., Jinka, S., Hake, K., Parameswaran, S., Kendall, R. J., and Ramkumar, S. 

(2014). Novel natural adsorbent for oil spill cleanup. Industrial and Engineering 

Chemistry Research, 53(30), 11954-11961. 

Singha, A. S., and Rana, R. K. (2010). Enhancement of hydrophobic character of 

lignocellulosic fibers through graft-copolymerization. Advanced Materials 

Letters, 1(2), 156–163.  

Sivapragasam, A. (2008, November). Coconut in Malaysia-current developments and 

potential for re-vitalization. In 2nd International Plantation Industry Conference 

and Exhibition (IPICEX 2008), Shah Alam, Malaysia. 18-21 

Sokker, H. H., El-sawy, N. M., Hassan, M. A., and El-anadouli, B. E. (2011). 

Adsorption of crude oil from aqueous solution by hydrogel of chitosan based 

polyacrylamide prepared by radiation induced graft polymerization. Journal of 

Hazardous Materials, 190(1-3), 359–365. 

Sreedhar, M. K., and Anirudhan, T. S. (2000). Preparation of an adsorbent by graft 

polymerization of acrylamide onto coconut husk for mercury (II) removal from 

aqueous solution and chloralkali industry wastewater. Journal of Applied 

Polymer Science, 75(10), 1261-1269. 



© C
OPYRIG

HT U
PM

64 

 

Sreekala, M. S., and Thomas, S. (2003). Effect of fibre surface modification on water-

sorption characteristics of oil palm fibres. Composites Science and 

Technology, 63(6), 861-869. 

Srinivasan, A., and Viraraghavan, T. (2010). Oil removal from water using 

biomaterials. Bioresource Technology, 101(17), 6594–6600.  

 Sun, R., Fang, J. M., and Tomkinson, J. (2000). Characterization and esterification of 

hemicelluloses from rye straw. Journal of Agricultural And Food 

Chemistry, 48(4), 1247-1252. 

Sun, R., Sun, X., Sun, J., and Zhu, Q. (2004). Effect of tertiary amine catalysts on the 

acetylation of wheat straw for the production of oil sorption-active materials. 

Comptes Rendus Chimie, 7(2), 225-231.  

Takacs, E., Wojnarovits, L., Földváry, C., Hargittai, P., Borsa, J., and Sajo, I. (2000). 

Effect of combined gamma-irradiation and alkali treatment on cotton–

cellulose. Radiation Physics and Chemistry, 57(3), 399-403. 

Tansel, B., and Pascual, B. (2011). Removal of emulsified fuel oils from brackish and 

pond water by dissolved air flotation with and without polyelectrolyte use: Pilot-

scale investigation for estuarine and near shore applications. Chemosphere, 85(7), 

1182-1186. 

Timpa, J. D. (1991). Application of universal calibration in gel permeation 

chromatography for molecular weight determinations of plant cell wall polymers: 

cotton fiber. Journal of Agricultural and Food Chemistry, 39(2), 270-275. 

Tiwari, S., Gupta, V. K., Pandey, P. C., Singh, H., and Mishra, P. K. (2009). 

Adsorption Chemistry of Oil-in-Water Emulsion from Spent Oil Based Cutting 

Fluids Using Sawdust of Mangifera indica, Journal International Environmental 

Application and Science, 4(1), 99–107. 

Toyoda, M., and Inagaki, M. (2003). Sorption and recovery of heavy oils by using 

exfoliated graphite. Spill Science and Technology Bulletin, 8(5), 467-474. 

Vaca-Garcia, C., and Borredon, M. E. (1999). Solvent-free fatty acylation of cellulose 

and lignocellulosic wastes. Part 2: reactions with fatty acids. Bioresource 

Technology, 70(2), 135-142. 

Wahi, R., Chuah, L. A., Choong, T. S. Y., Ngaini, Z., and Nourouzi, M. M. (2013). Oil 

removal from aqueous state by natural fibrous adsorbent: an 

overview. Separation and Purification Technology, 113, 51-63. 

Wade Jr, L. G. (2006). Organic-chemistry 6th ed. Pearson Prentice Hall, Pearson 

Education, Inc. 



© C
OPYRIG

HT U
PM

65 

 

Wang, J., Zheng, Y. and Wang, A. (2013). Investigation of acetylated kapok fibers on 

the sorption of oil in water. Journal of Environmental Sciences, 25(2), 246–253.  

Wei, Q. F., Mather, R. R., Fotheringham, A. F., and Yang, R. D. (2003). Evaluation of 

nonwoven polypropylene oil adsorbents in marine oil-spill recovery. Marine 

Pollution Bulletin, 46(6), 780-783. 

Wong, K. F. V., and Barin, E. (2003). Oil spill containment by a flexible boom 

system. Spill Science and Technology Bulletin, 8(5), 509-520. 

Wu, J., Wang, N., Wang, L., Dong, H., Zhao, Y., and Jiang, L. (2012). Electrospun 

porous structure fibrous film with high oil adsorption capacity.ACS Applied 

Materials and Interfaces, 4(6), 3207-3212. 

Www.itopf.com. Use of booms in oil pollution response. (retrieved 1
st
 March 2013) 

Young, R. A., and Rowell, R. M. (1986). Cellulose: structure, modification and 

hydrolysis. Cellulose: structure, modification and hydrolysis. 

Yuan, F., Wei, J. F., Tang, E. Q., and Zhao, K. (2009). Synthesis of butyl acrylate 

grafted polypropylene fibre and its applications on oil-adsorption in floating 

water. e-Polymers, 9(1), 1079-1086. 

Zadaka-Amir, D., Bleiman, N., and Mishael, Y. G. (2013). Sepiolite as an effective 

natural porous adsorbent for surface oil-spill. Microporous and Mesoporous 

Materials, 169, 153-159. 

Zhang, C., Liu, R., Xiang, J., Kang, H., Liu, Z., and Huang, Y. (2014). Dissolution 

mechanism of cellulose in N, N-dimethylacetamide/lithium chloride: revisiting 

through molecular interactions. The Journal of Physical Chemistry B, 118(31), 

9507-9514. 

 

Zhao, M. Q., Huang, J. Q., Zhang, Q., Luo, W. L., and Wei, F. (2011). Improvement of 

oil adsorption performance by a sponge-like natural vermiculite-carbon 

nanotube hybrid. Applied Clay Science, 53(1), 1-7. 

 

Zhou, X., Wei, J., Li, S., Chen, Y., Liu, K., and Wang, L. (2015). Evaluation of 

different PP grafted adsorbent for oil spill cleanup. Desalination and Water 

Treatment, 53(3), 727-736. 
 

 

   

http://www.itopf.com/

	2.2.pdf
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page




