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ABSTRACT 

 

 

 

 

Oil palm biomass such oil palm empty fruit bunch, oil palm frond and oil palm 

trunk (OPT) are considered as the most abundant agrowastes that have the potential to 

be utilized as raw materials for production of value-added products.  Thus, the 

objective of this study is to synthesize a new novel flocculant based on hemicellulose 

derived from OPT for cationic dye removal application.  Two different flocculants 

were synthesized in this study: (a) hemicellulose etherified with chloroacetic acid 

(HcECA) and (b) hemicellulose etherified with acrylamide (HcEAM).  Both 

hemicellulose derivatives were prepared with various etherification mole ratios.  The 

native hemicellulose and its derivatives were characterized using gel permeation 

chromatography, Fourier transform infrared and proton nuclear magnetic resonance. 

The coagulation/flocculation performance of the hemicellulose derivatives were 

evaluated with cationic dye (i.e. methylene blue, MB) at different initial pH values, 

hemicellulose derivative dosages and initial dye concentrations.  The characterization 

results confirmed a successful synthesis of the respective hemicellulose derivatives 

with the improvement on the solubility of both derivatives.  The 

coagulation/flocculation results indicated that HcECA15 has better ability to remove 

the cationic dyes compared to HcECA10 and HcECA5 whereas, HcEAM1 was better 

than HcEAM0.1, HcEAM0.5, HcEAM10 and HcEAM15.  Changing the initial pH of 

the dye solution from acidic to alkaline resulted in the increase of dye removal 

percentage.  In addition, higher dosages of hemicellulose derivatives also increased 

dye removal.  On the contrary, high initial dye concentrations reduced the percentage 

of dye removal.  HcEAM showed better efficiency on the cationic dye removal than 

HcECA due to its ability to produce denser flocs which are usually helpful during 

sedimentation.  As a conclusion, both hemicellulose derivatives have their own novelty 

to be new flocculants for successful application in cationic dye removal processes.  

Yet, both flocculants had not fully decolourized the MB and still not highly likely to 

be applied in real industrial applications for textile wastewater treatment.  Thus, the 

process, ratio of the etherification and mechanism of MB removal should be 

investigated further to enhance the dye removal performance. 
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ABSTRAK 

 

 

 

 

Biojisim kelapa sawit seperti tandan buah kosong kelapa sawit, pelepah kelapa 

sawit dan batang kelapa sawit (OPT) dianggap sisa pertanian yang sangat berpotensi 

untuk memberikan nilai tambah kepada hasil pengeluaran.  Maka, objektif kajian ini 

adalah untuk menghasilkan bahan pengelompokan yang baru iaitu hemiselulosa 

terbitan berasaskan OPT untuk aplikasi penyingkiran pewarna kationik.  Dua jenis 

bahan pengelompok telah disintesis dalam kajian ini: (a) hemiselulosa di ester dengan 

asid kloroasetik (HcECA) dan (b) hemiselulosa diester dengan akrilamida (HcEAM).  

Kedua-dua hemiselulosa terbitan disediakan menurut nisbah mol pengesteran yang 

berlainan.  Sifat hemiselulosa dan terbitannya telah dibuktikan menerusi kromatografi 

gel penelapan, inframerah transformasi Fourier dan resonans magnetik nuklear proton.  

Prestasi bahan pengelompok hemiselulosa terbitan dinilai melalui penyingkiran 

pewarna kationik (iaitu metilena biru, MB). Beberapa parameter telah ditetapkan 

semasa proses penyingkiran antaranya, nilai pH awal yang berbeza, dos terbitan 

hemiselulosa yang digunakan, serta kepekatan awal bahan pewarna.  Keputusan ujian 

pencirian berjaya mengesahkan sintesis kedua-dua jenis hemiselulosa terbitan malah 

menunjukkan peningkatan dalam kebolehlarutan pada kedua-duanya. Keputusan 

pengentalan/pengelompokan menunjukkan, HcECA15 mempunyai keupayaan lebih 

baik untuk menyingkirkan pewarna kationik berbanding HcECA10 dan HcECA5.  

Manakala, HcEAM1 adalah lebih baik daripada HcEAM0.1, HcEAM0.5, HcEAM10, 

and HcEAM15.  Selain itu, perubahan pH awal larutan pewarna daripada bersifat asid 

kepada alkali juga menyebabkan peningkatkan peratusan penyingkiran pewarna.  Di 

samping itu, peratusan penyingkiran pewarna meningkat dengan pertambahan dos 

terbitan hemiselulosa.  Walau bagaimanapun, peningkatan kepekatan awal pewarna 

menyebabkan penurunan peratusan penyingkiran pewarna.  HcEAM menunjukkan 

kecekapan yang lebih baik ke atas penyingkiran pewarna kationik daripada HcECA 

kerana kemampuannya untuk menghasilkan kelompok padat yang membantu 

memudahkan proses pemendapan.  Kesimpulannya, kedua-dua hemiselulosa terbitan 

mempunyai keaslian sebagai bahan pengelompok baru yang mampu memberi manfaat 

dalam proses penyingkiran pewarna kationik.  Namun, kedua-dua bahan pengelompok 

masih belum dapat menyingkirkan keseluruhan MB dan masih tidak cukup kuat untuk 

diaplikasikan ke aplikasi industri sebenar untuk rawatan air sisa tekstil.  Maka, proses, 

nisbah pengesteran dan mekanisma penyingkiran MB patut dikaji lagi bagi 

meningkatkan pencapaian penyingkiran pewarna.   
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Research Background 

 

 

Oil palm tree (Elaeis guineensis) is one of the most valuable plants in Malaysia, 

Indonesia and Thailand.  One oil palm tree produce an average of 231.5 kg dry weight 

of biomass annually including the oil and lignocellulosic materials (Abdul Khalil et 

al., 2010c).  In addition, oil palm industries contribute a few million tons of biomass 

per year.  Solving the disposal problem is associated with good handling that involved 

creating value-added products from this biomass (Rozman et al., 2005). 

 

 

 Oil palm biomass (OPB) is an agricultural by-product, that was left in the field 

during the replanting, pruning and milling process of oil palm.  OPB includes oil palm 

trunk (OPT), oil palm frond (OPF), oil palm kernel shell (OPKS), empty fruit bunch 

(EFB), pressed fruit fibre (PFF), and palm oil mill effluent (POME).  Oil comprises 

only a small fraction of the total biomass produced by the plantation, while the 

remaining biomass is an abundant amount of lignocellulosic materials in the form of 

fronds, trunks and empty fruit bunch.  
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Therefore, oil palm industry must be prepared to take advantage of the situation 

and utilize the available biomass in the best possible manner (Basiron, 2007).  The 

OPB is classified as a lignocellulosic residue which typically consists of 50% 

cellulose, 25% of hemicellulose and 25% of lignin in their cell wall (Alam et al., 2009).  

Hemicellulose is a non-cellulosic heteropolysaccharides containing various units of 

sugar, arranged in different proportions and with different substituent (Glasser et al., 

2000).  Hemicellulose is a polymer with low molecular weight and branched with 80-

200 degree of polymerization.  The general formula is (C5H8O4) also known as 

pentosan, and (C6H10O5)n that is hexosan (Cai and Paszner, 1988).  

 

 

Nowadays, there are a great deal of biological products being proposed and 

studied to develop effective coagulants and flocculants that would replace the 

conventional materials (Maximova and Dahl, 2006; Deng et al., 2005; Chen and Lian, 

2004; Jiang, 2001; Salehizadeh and Shojaosadati, 2001).  Some of the reported named 

“bioflocculant” include biopolymers which are starch, chitosan, alginates and others 

(Wang et al., 2007).  In this study, hemicellulose is the biopolymer that was expected 

to make a novel flocculant or hemicellulose derivative that will be applied in the textile 

wastewater treatment.  A hemicellulose derivative is a safe and biodegradable polymer 

that does not produce secondary pollution (Bratby, 2007; Sharma et al., 2006; Crini, 

2005; Arevalo, 2002; Hirohara et al., 1999).   

 

 

Textile industry produces basic needs for people which are clothes (Módenes 

et al., 2012).  Clothes often vary in pattern, style, colour and a few more characteristics.  

Therefore, textile industry involved multiple processes and consumed large amounts 

of water in the manufacturing process (Verma et al., 2012, Mishra et al., 2006; 

Anjaneyulu et al., 2005).  Water is used mostly in the dyeing and finishing operations 

in which the fabric were given colour and processed into a commercialized product.  

As a result, a large volume of coloured effluents are highly generated from these 

activities.  This polluted water should be treated before discharge to avoid negative 

environmental impacts (Jiang et al., 2011; Mishra et al., 2006). 
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The most important indicator of polluted water is the colour.  The damaging 

effect is not only to the visual nature of the receiving streams, but the coloured 

contaminants are also toxic to aquatic life, carcinogenic, and mutagenic to humans 

(Jiang et al., 2011; Lucas and Peres, 2006; Hao et al., 2000; Liu and Qu, 2000).  

Currently, there are more than 100,000 dyes available in the textile industries around 

the world (Liu and Qu, 2000).  Dye compounds are very stable and difficult to 

decolourize due to the different complex structures of dyes (Lucas and Peres, 2006; 

Liu and Qu, 2000).   

 

 

The toxic effect and potential carcinogenic nature of dyes have increased the 

demand for a specific and cost-effective wastewater treatment unit that is more 

ecologically-friendly (Mishra et al., 2006).  A former study by Anjeneyulu et al. 

(2005) listed a number of available methods for decolourization of dye such as 

adsorption, irradiation, ion exchange, ozonation, coagulation and precipitation, aerobic 

process, anaerobic process, single cell (fungal, alga, bacteria), advanced oxidation 

process, membrane filtration, photocatalysis, sonication, enzymatic treatment,  redox 

mediators and engineered wetland system. 

 

 

For many years, the main treatment or pre-treatment of dye-containing 

wastewater has been the coagulation process, due to the low capital cost (Anjaneyulu 

et al., 2005; Golob et al., 2005; Choi et al., 2001; Chu, 2001).  However, there are 

some limitations in applying this method which related to the generation of sludge and 

ineffective decolourization of some soluble dyes (Anjaneyulu et al., 2005; Hai et al., 

2007).  Therefore, the effectiveness of the coagulation and flocculation in dye removal 

processes can be improved by proper selection of the coagulant/flocculant, and 

optimization of the process parameters including pH, initial concentration of dye or 

textile, dosage of coagulant/flocculants and others (Verma et al., 2012). 
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1.2 Problem Statement 

 

 

Oil palm trees generate a large amount of biomass.  In Malaysia, one hectare 

plantation of oil palm tree produces about 55 000 kgs of waste annually and 5 500 kgs 

of oil have been reported (Hasamudin and Soom, 2002).  It is also reported that in 6 

million hectares of plantation, about 11.9 million tons of oil and 100 million tons of 

biomass have been produced (Abdul Khalil et al., 2010b).  As per mentioned in the 

research background, the average amount of biomass from an oil palm tree produced 

231.5 kg dry weight per year (Abdul Khalil et al., 2010c).  An estimation made by 

Malaysian palm oil industry stated that in 4.69 million hectare of plantation in which 

the production rate of dry oil palm biomass was 20.34 tons per hectare per year, 95.3 

million tons lignocellulosic biomass were produced in 2009 (Lim, 1998).  

 

 

Furthermore in late 2012, 80% of the world’s total oil palm plantation area was 

monopolized by Malaysia and Indonesia, with exceeding 14 million hectares 

compared to other countries.  The duration between growing, removing and replanting 

oil palm trees is 25 to 30 years.  About 74 000 kg of dry waste palm wood per hectares 

are generated during replantation (Chin et al., 2012).   

 

 

In order to implement the Zero Burning Policy on waste trunks in Malaysia’s 

plantation, efforts were taken to utilize the biomass as an alternative to burning 

(Szymona et al., 2014).  Oil palm trunks are commonly being left at the plantation to 

decompose on its own.  However, oil palm trunks will eventually become a valuable 

part of the tree by turning the trunk wastes into a potential biomass.   

 

 

Previous researchers managed to come out with the idea to exploit the trunks 

with some limitation due to its morphology and low mechanical properties (Tay et al., 

2013; Prawitwong et al., 2012; Chin et al., 2010; Amouzgar et al., 2010).  Therefore, 

a thorough investigation on biomass modifications should be done to effectively 

discard the massive amount of trunk wastes.  
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Oil palm trunk fibres are mainly composed of cellulose (41-42%), 

hemicelluloses (30-3l%), and lignin (14-16%).  The trunks could potentially represent 

a very abundant, inexpensive, and renewable organic material.  Economically viable 

products derived from the palm fibres are being eagerly sought and reconstituted into 

a number of technically feasible products (Gallacher et al., 1994; Hassan et al., 1990).   

 

 

Since hemicellulose can be found in natural low-cost sources like the oil palm 

trunk, the compound is expected to be one of the most promising 

coagulation/flocculation materials.  Hemicellulose is potentially very useful (Lindblad 

et al., 2001).  More often, the reported industrial applications for plant’s hemicellulose 

include their use as viscosity modifiers, gelling agents, tablet binder or wet strength 

additives (Watson, 1959).   

 

 

The use of hemicellulose derivatives as flocculants in dye removal processes 

requires modification or derivation.  The modification or derivation of these polymers 

created novel opportunities to maximally exploit the various valuable properties of 

hemicellulose for previously unperceived applications (Ebringerová and Heinze, 

2000).  Modification methods towards enhancing a hemicellulose’s solubility were 

obtained from a former study based on starch, cellulose and chitosan (Haack et al., 

2002; Zhang, 2001; Thanou et al., 2000).   

 

 

The preparation and properties of new polymers from hemicellulose are the 

valuable information for any research program aimed at utilizing annually renewable 

and agriculture-derived polymers.  This present research has focused on synthesizing 

novel hemicellulose derivatives as flocculants for dye removal application to the 

textile wastewater treatment.   

 

 

Batik industry is the biggest cottage textile industry in Indonesia and Malaysia 

especially in Kelantan and Terengganu.  This homemade textile industry has making a 

big contribution to the economic growth due to high demands locally and from abroad.  
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However, previous studies by Ahmad et al. (2002) show that the wastewater from batik 

industry which containing grease, wax, heavy metal, surfactant, suspended solid, and 

dyes (organic and inorganic) caused a serious problem to the environment due to the 

manufacturer commonly discharge their effluents into environment without 

appropriate treatment.   

 

 

Without proper treatments of the wastewater contained dye, the effluent 

became an ecological concern as the pollutants would bring acute and chronic effects 

to people, plants, and animals.  Therefore, a safe and applicable solution is required to 

recover this problem.  The flocculants in the coagulation/flocculation process may 

overcome the colour removal problem faced by the textile industry (Sharma et al., 

2006).   

 

 

Consequently, treatments on batik effluent pollution to the environment are 

very critical and get much attention from the researchers.  Thus, this present research 

which focusing in synthesizing of novel hemicellulose derivatives as flocculants for 

dye removal application will be beneficial to the textile wastewater treatment 

especially for batik industry in Malaysia.   

 

 

 

 

1.3 Objectives  

 

 

1. To synthesis and characterize hemicelluloses derivatives  

2. To study the dye flocculation performance of hemicelluloses derivatives  

3. To compare both types of hemicelluloses derivatives 
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1.4 Scopes 

 

 

1. Hemicelluloses derivatives were prepared using isolated hemicelluloses from 

oil palm trunk (OPT) to produce new novel flocculants for cationic dye 

(methylene blue) removal application.  Two different novel flocculants were 

synthesized in this study: (a) hemicelluloses etherified with chloroacetic acid 

(HcECA) and (b) hemicelluloses etherified with acrylamide (HcEAM).  Both 

hemicellulose derivatives were prepared with varies etherification mol ratios 

(hemicellulose: reagent).  The native hemicellulose and its derivatives were 

characterized using gel permeation chromatography (GPC), Fourier transform 

infrared (FTIR) and hydrogen nuclear magnetic resonance (1HNMR). 

 

 

2. The performance of the flocculants were determined using Jar test method.  

The effects of etherification ratio of each hemicellulose derivatives, initial dye 

concentration, hemicellulose derivative dosages, and initial pH of the dye on 

dye coagulation/flocculation process were investigated using synthetic dye 

(methylene blue) solution and batik’s dye wastewater.  The dye concentration 

was measured using UV-Vis spectrophotometer.  The percentage of dye 

removal indicates the performance of the dye removal process.  

 

 

3. Both hemicelluloses derivatives (HcECA and HcEAM) were compared based 

on the characterization and experimental results to identify which was the 

better product because the results were related with the performance of dye 

removal application. 
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1.5 Thesis Outline  

 

 

 This report contains five chapters.  The first chapter discussed the research 

background, problem background, objectives and scopes of this study, thesis outline 

and chapter summary.  A critical review on this research is presented in Chapter 2.  

The discussions in the Chapter 2 are included the oil palm biomass, oil palm trunk, 

textiles wastewater treatment, batik industry, coagulation/flocculation for 

decolourization of textiles wastewater treatment, and hemicelluloses based flocculants 

from oil palm trunk (OPT).  Chapter 3 outlines the research methodology which 

comprises research materials and experimental procedures such as synthesis and 

characterization.  The results and discussions are presented in Chapter 4, while 

conclusions and recommendations of this thesis are mentioned in Chapter 5. 

 

 

 

 

1.6 Summary 

 

 

This study introduced an effective synthetic path for synthesizing and 

modification hemicellulose isolated from oil palm trunk (OPT) to produce novel 

hemicellulose derivatives that was expected to be the good flocculants for dye removal 

process.  In terms of biodegradability and sustainability, flocculants derived from 

biopolymers could be a promising substitute to synthetic flocculants as it is considered 

safe and economical (Sharma et al., 2006).  Effluent from textile industries contain 

multiple types of dye in which each dye different in terms of high molecular weight 

and complex structures.  The low biodegradability of synthetic dyes was noticeable 

(Hsu and Chiang, 1997; Pala and Tokat, 2002; Kim et al., 2004; Gao et al., 2007).  

Therefore, the use of hemicelluloses derivatives from OPT as the flocculants in dye 

removal process will help reduce the problem regarding on the direct discharge of dye 

wastewater into the sources of water like lakes, rivers and other which will pollute the 

water and affects the flora and fauna.   

 



113 

 

REFERENCES 

 

 

 

 

Abdul Aziz, A., Husin, M., and Mokhtar, A. (2002). Preparation of cellulose from oil  

palm empty fruit bunches via ethanol digestion: effect of acid and alkali 

catalysts. Journal of Oil Palm Research. 14, 9-14. 

Abdul Aziz, A., Wahid, M. B., and Choo, Y. M. (2008). Advanced carbon products  

from oil palm biomass. Journal of Oil Palm Research Special Issue. 22-32. 

Abdul Khalil, H. P. S., Poh, B. T., Issam, A. M., Jawaid, M. and Ridzuan, R. (2010a).  

Recycled polypropylene–oil palm biomass: The effect on mechanical and 

physical properties. Journal of Reinforced Plastics and Composite. 29(8), 

1117-1130. 

Abdul Khalil, H. P. S., Nur Firdaus, M. Y., Jawaid, M., Anis, M., Ridzuan, R., and  

Mohamed, A. R. (2010b). Development and material properties of new hybrid 

medium density fibreboard from empty fruit bunch and rubberwood. Materials 

& Design. 31(9), 4229-4236.  

Abdul Khalil, H. P. S., Nurul Fazita, M. R., Bhat, A. H., Jawaid, M., and Nik Fuad,  

N. A. (2010c). Development and material properties of new hybrid plywood 

from oil palm biomass. Materials & Design. 31(1), 417-424.  

Abnisa, F., Arash Arami-Niya, W. M. A., Wan Daud, J. N., Sahu, I. M., and Noor.  

(2013). Utilization of oil palm tree residues to produce bio-oil and bio-char via 

pyrolysis. Energy Conversion and Management. 76, 1073–1082. 

Aboulhassan, M. A., Souabi, S., Yaacoubi, A., and Baudu, M. (2006). Improvement  

of paint effluents coagulation using natural and synthetic coagulants aids. 

Journal of Hazardous Materials. 138, 40-5. 

Abu Bakar, N., Choo, Y. M., Lim, W. S., Joseph, L., Michael, S., and Mohamad  

Halim, R. (2011). Briquetting of empty fruit bunch fibre and palm shell as a 

renewable energy fuel. Journal of Engineering Applied Science. 6, 446–51.  



114 

 

Abu Hasan, M. J., Abdullah, A. R., Rosli, A. I., Hassan, K., Mokhtar, A., and Abdul  

Aziz, A. (2010). Commercialization of EFB-pulp productions by using the 

PALMOR™ Accelerated Pulping (PAP) system. Proceedings of the national 

seminar on palm oil milling, refining, environment and quality. 310–20.  

Adewuyi, Y. G., (2001). Sonochemistry: environmental science and engineering  

applications. Industrial & Engineering Chemistry Research. 40, 4681-4715. 

Ahmad, S., Kadir, M. Z. A. A, and Shafie, S. (2011). Current perspective of the  

renewable energy development in Malaysia. Renewable and Sustainable 

Energy Reviews. 15, 897 - 904 

Ahmad, A. L., Haris, W. A., Syafiie, and Ooi, B. S. (2002). Removal of dye from  

wastewater of textile industry using membrane technology. Jurnal Teknology. 

36, 31–44. 

Akbari, A., Remigy, J. C., and Aptel, P. (2002). Treatment of textile dye effluent  

polyamide-based nanofiltration membrane. Chemical Engineering and 

Processing. 41, 601-609.  

Alam, Md. Z., Mamun, A. A., Qudsieh, I. Y., Muyibi, S. A., Salleh, H. M., and Omar,  

N. M. (2009). Solid state bioconversion of oil palm empty fruit bunches for 

cellulase enzyme production using a rotary drum bioreactor. Biochemical 

Engineering Journal. 46 (1), 61-64. 

Alam, Md. Z., Mansor, M. F., and Jalal, K. C. A. (2009). Optimization of  

decolorization of methylene blue by lignin peroxidase enzyme produced from 

sewage sludge with Phanerocheate chrysosporium. Journal of Hazardous 

Materials. 162, 708–715. 

Alaton, I. A. and Teksoy, S. (2007). Acid dyebath effluent pretreatment using Fenton's  

reagent: process optimization, reaction kinetics and effects on acute toxicity. 

Dyes and Pigments. 73, 31– 39.  

Allegre, C., Maisseu, M., Charbit, F., and Moulin, P. (2004). Coagulation- 

flocculation- decantation of dye house effluents: concentrated effluents. 

Journal of Hazardous Materials. 116, 57-64. 

Amouzgar. P., Khalil, H. P. S. A., Salamatinia, B., Abdullah, A. Z., and Issam,  

A. M. (2010). Optimization of bioresource material from oil palm trunk core 

drying using microwave radiation; a response surface methodology 

application. Bioresource Technology. 101, 8396–401.  

 



115 

 

Anjaneyulu, Y., Chary, N. S., and Raj, D. S. S. (2005). Decolourization of industrial  

effluents available methods and emerging technologies. A review, Review in 

Environmental Science and Biotechnology. 4, 245-273. 

Anouzla, A., Abrouki, Y., Souabi, S., Safi, M., and Rhbal, H. (2009). Colour and  

COD removal of disperse dye solution by a novel coagulant: application of 

statistical design for the optimization and regression analysis. Journal of 

Hazardous Materials. 166 (2-3), 1302-1306. 

Arevalo, N.K., Galan Wong, L.J., Hernandez Luna, C.E., and Salazar Alpuche, R.Y.  

(2002). Method of removing heavy metals and solids by complexing 

biodegradable polyelectrolytes (pectin and chitosan). Mexican Patent 

MX2002NL00016; WO03099729. 

Argyropoulos, D.S., Guerra, A., Filpponen, I., Lucia, L.A., Saquing, C., and  

Baumberger, S. (2006). Toward a better understanding of the lignin isolation 

process from wood. Journal of Agricultural Food and Chemistry. 54, 5939–

5947.  

Argyropoulos, D. S., Li, B., Asikkala, J., and Filpponen, I. (2010). Factors affecting  

wood dissolution and regeneration of ionic liquids. Industrial and Engineering 

Chemistry Research. 49, 2477–2484. 

Arslan, I., Balcioglu, I. A., and Bahnemann, D. W. (2000). Advanced chemical  

oxidation of reactive dyes in simulated dyehouse effluents by ferrioxalate-

Fenton/UV-A and TiO2 /UV-A processes. Dyes and Pigments. 47, 207– 218.  

Arslan-Alaton, I. (2003). A review of the effects of dye-assisting chemicals on  

advanced oxidation of reactive dyes in wastewater. Coloration Technology. 

119, 345-353. 

Arslan, I., Balcioglu, A. (2001). Degradation of Remazol Black B dye and its  

simulated dyebath wastewater by advancedoxidation processes in 

heterogeneous and homogeneous media. Coloration Technology. 117, 38-42. 

Bach Tuyet, L. T, Iiyama, K. and Nakano, J. (1985). Preparation of  

carboxymethylcellulose from refiner mechanical pulp IV. Analysis of 

carboxymethylated polysaccharides by use of H-NMR. Journal of the wood 

research society. 31, 14-19. 

 

 

 



116 

 

Barredo-Damas, S., Alcaina-Miranda, M. I., Iborra-Clar, M. I., Bes-Pià, A.,  

Mendoza, J. A., and Iborra-Clar, A. (2006). Study of the UF process as 

pretreatment of NF membranas for textile wastewater reuse. Desalination. 200, 

745-747.  

Basiron, Y. (2007). Palm oil production through sustainable plantations. European  

Journal of Lipid Science and Technology. 109 (4), 289-295. 

Basiron, Y. and Chan, K.W. (2006). Oil palm: the agricultural producer of food,  

fiber and fuel for global economy. Oil Palm Industry Economic Journal.  

8(1), 1-17. 

Bolto, B. and Gregory, J. (2007). Organic polyelectrolytes in water treatment. Water  

Research. 41, 2301-24. 

Bough WA. (1975). Reduction of suspended solids in vegetable canning waste  

effluents by coagulation with chitosan. Journal of Food Science. 40, 297– 

301. 

Bough, W. A. (1976). Chitosan-a polymer from seafood wastes for use in treatment  

of food processing wastes and activated sludge. Process Biochemistry. 11,  

13-16. 

Bough, W. A, Salter, W. L, Wu, A. C. M, and Perkins, B. E. (1978). Influence of  

manufacturing variables on the characteristics and effectiveness of chitosan 

products. I. Chemical composition, viscosity, and molecular-weight 

distribution of chitosan products. Biotechnology and Bioengineering. 20, 

1931–43. 

Bratby, J. (2007). Coagulation and flocculation in water and wastewater treatment.  

2nd ed. IWA Publishing. 

Burkinshaw, S. M. and Jarvis, A. N. (1996). The use of chitosan in the dyeing of full  

chrome leather with reactive dyes. Dyes and Pigments. 31, 35–52. 

Cai, Z. S., and Paszner, L. (1988). Salt catalyzed wood bonding with hemicellulose.  

Holzforschung. 42, 11-12. 

Carvalho, G., Delee, W., Novais, J. M., and Pinheiro, H. M. (2002). A factorially- 

designed study of physico-chemical reactive dye colour removal from 

simulated cotton textile processing wastewaters. Coloration Technology. 118. 

215–219. 

 

 



117 

 

Chandra, R., Bura, R., Mabee, W., Berlin, A., Pan, X., and Saddler, J. (2007).  

Substrate pretreatment: the key to effective enzymatic hydrolysis of 

lignocellulosics. Advances in Biochemical Engineering/Biotechnology. 108, 

67-93.  

Chen, G., Andries, J., and Spliethoff, H. (2003). Catalytic pyrolysis of biomass for  

hydrogen rich fuel gas production. Energy Conversion and Management. 44, 

2289–96.  

Chen, Y. and Lian, B. (2004). Progress of microbial flocculant study and its  

application. Bulletin of Mineral Petroleum and Geochemistry. 23, 83-9. 

Chen, X., Shen, Z., Zhu, X., Fan, Y., and Wang, W. (2005). Advanced treatment of  

textile wastewater for reuse using electrochemical oxidation and membrane 

filtration. Water South Africa. 31, 127-132. 

Chew, L. T. and Ong, C. L. (1985). Particleboard from oil palm trunk. Proceedings of  

the National Symposium on Oil Palm By-products for Agro-based Industries. 

Kuala Lumpur. 

Chin, K. L., H’ng, P. S., Wong, L. J., Tey, B. T., and Paridah, M. T. (2010).  

Optimization study of ethanolic fermentation from oil palm trunk, rubberwood 

and mixed hardwood hydrolysates using Saccharomyces cerevisiae. 

Bioresourse Technology. 101, 3287– 3291. 

Chin, K. L., H’ng, P. S., Wong, L. J., Tey, B. T., and Paridah, M. T. (2011). Production  

of glucose from oil palm trunk and sawdust of rubberwood and mixed 

hardwood. Applied Energy. 88, 4222–4228.  

Chin, K. L, H’ng, P. S, Chai, E. W, Tey, B. T, Chin, M. J, and Paridah, M. T. (2012).  

Fuel characteristics of solid biofuel derived from oil palm biomass and fast 

growing timber species in Malaysia. Bioenergy Research. 6, 75–82. 

Choi, J. H., Shin, W. S., Lee, S. H., Joo, D. J., Lee, J. D., Choi, S. J., and Park, L. S.  

(2001). Application of synthethic polyamine flocculants for dye wastewater 

treatment. Separation Science and Technology. 36, 2945-2958. 

Chu, W. (2001). Dye removal from textile dye wastewater using recycled alum  

sludge. Water Research. 35, 3147-3152. 

Ciabatti, I., Tognotti, F., and Lombardi, L. (2010). Treatment and reuse of dyeing  

effluents by potassium ferrate. Desalination. 250, 222-228. 

Crini, G. (2005). Recent developments in polysaccharide-based materials used as  

adsorbents in wastewater treatment. Progress in Polymer Science. 30, 38-70. 



118 

 

Christie, R. (2001). Colour Chemistry. The Royal Society of Chemistry, Cambridge,  

United Kingdom.  

Ciabatti, I., Tognotti, F., and Lombardi, L. (2010). Treatment and reuse of dyeing  

effluents by potassium ferrate. Desalination. 250, 222-228.  

Cunha, A. and Gandini, A. (2010). Turning polysaccharides into hydrophobic  

materials: A critical review. Part 2. Hemicellulose, chitin/chitosan, starch,  

pectin and alginates. Cellulose. 17, 1045-1065. 

Dahlan I. (2000). Oil palm frond, a feed for herbivores. Asian–Australasian Journal  

of Animal Science. 13, 300–3.  

Davidson, L.R. (1980). Handbook of Water Soluble Gums and Resins. McGraw Hill,  

New York. 

Debik, E., Kaykioglu, G., Coban, A., and Koyuncu, I. (2010). Reuse of anaerobically  

and aerobically pre-treated textile wastewater by UF and NF membranes. 

Desalination. 256, 174-180. 

Demirbaş, A. (2000). Mechanisms of liquefaction and pyrolysis reactions of biomass.  

Energy Conversion and Management. 41(6), 633–646. 

Deng, S., Yu, G. and Ting, Y. P. (2005) Production of a bioflocculant by Aspergillus  

parasiticus and its application in dye removal. Colloids and Surfaces B: 

Biointerfaces. 44, 179-86. 

Doherty, W. O. S., Mousavioun, P., and Fellows, C. M. (2011). Value-adding to  

cellulosic ethanol: lignin polymers. Industrial Crops and Products. 33, 259–

276.  

Dos Santos, A. B., Bisschops, I. A. E., and Cervantes, F. J. (2006a). Closing process  

water cycles and product recovery in textile industry: perspective for biological 

treatment. In: Cervantes, F. J., Van Haandel, A. C., Pavlostathis, S.G. (Eds.). 

Advanced Biological Treatment Processes for Industrial Wastewaters. 

International Water Association, London. (1)298–320. 

Dutta, S. (2013). Optimization of Reactive Black 5 Removal by Adsorption Process  

using Box–Behnken Design. Desalination and Water Treatment. 1-8. 

Ebringerová, A., Hromádková, Z., Kačuráková, M., and Antal, M. (1994).  

Quaternized xylans: synthesis and structural characterization. Carbohydrate 

Polymers. 24, 301-308. 

 

 



119 

 

Ebringerová, A. and Heinze, T. (2000). Xylan and xylan derivatives- biopolymers  

with the valuable properties. Macromolecular Rapid Communications. 21, 

542-556. 

Ebringerová, A., Hromádková, Z., and Heinze, T. (2005). Hemicellulose. Advances in  

Polymer Science. 186, 1-67. 

Edlund, U. (2008). A microspheric system: hemicelluloses-based hydrogels. Journal  

of Bioactive and Biocompatible Polymers. 23, 171-86. 

El-Gohary, F. and Tawfik, A. (2009). Decolourisation and COD reduction of disperse  

and reactive dyes wastewater using chemical-coagulation followed by 

sequential batch reactor (SBR) process. Desalination. 249, 1159-1164. 

Ellouze, E., Tahri, N., and Ben Amar, R. (2012). Enhancement of textile wastewater  

treatment process using Nanofiltration. Desalination. 286, 16–23. 

El Seoud, O. A., Koschella, A., Fidale, L. C., Dorn, S., and Heinze, T. (2007).  

Applications of ionic liquids in carbohydrate chemistry: a window of 

opportunities. Biomacromolecules. 8, 2629–2647.  

EPA. (1997). Profile of the Textile Industry. Environmental Protection Agency,  

Washington, USA. 

Ergas, S.J., Therriault, B. M., and Reckhow, D. A. (2006). Evaluation of water reuse  

technologies for the textile industry. Journal of Environmental Engineering-

Asce. 132, 315–323.  

Fang, R., Cheng, X., and Xu, X. (2010). Synthesis of lignin-base cationic flocculant  

and its application in removing anionic azo-dyes from simulated wastewater. 

Bioresource Technology. 101, 7323–7329. 

Fazilah, A., Azemi, M. N. M., Karim, A. A., and Norakma, M. N. (2009).  

Physicochemical properties of hydrothermally treated hemicellulose from oil 

palm frond. Journal of Agriculture and Food Chemistry. 57, 1527–1531. 

Fessenden, R. J. and Fessenden J. S. (1998). Organic Chemistry, 6 ed. Brooks/Cole  

publishing Company, Pacific Grove-Albany. 

Forgacs, E., Cserhati, T., and Oros, G. (2004). Removal of synthetic dyes from  

wastewaters: a review. Environment International. 30, 953-971. 

Fu, Y. and Viraraghavan, T. (2001). Fungal Decolorization of dye wastewaters: a  

review. Bioresource Technology. 79, 251-262. 

 

 



120 

 

Gallacher, J., Snape, C. E., Hassan, K., and Jarvis, M. C. (1994). Solid-state 13C  

NMR study of palm trunk cell walls. Journal of the Science of Food and  

Agriculture. 64, 487–491. 

Gao, B. Y., Yue, Q. Y., Wang, Y. and Zhou, W. Z. (2007). Color removal from dye- 

containing wastewater by magnesium chloride. Journal of Environmental 

Management. 82, 167-172. 

Glasser, W. G., Kaar, W. E., Jain, R. K., and Sealey, J.E. (2000). Isolation options  

for non-cellulosic heteropolysaccharides (HetPS). Cellulose. 7, 299-317.  

Golob, V., Vinder, A., and Simonic, M. (2005). Efficiency of coagulation/  

flocculation method for treatment of dye bath effluents. Dyes and Pigments. 

67, 93-97. 

Goh, J. and Leong, K. H. (2008). Development of pulp and paper products from oil  

palm fiber. In: Proceedings of the international conference on oil palm 

biomass. 

Gong, R., Ding, Y., Yang, C., Liu, H and Sun, Y. (2005). Utilization of powdered  

peanut hull as biosorbent for removal of anionic dyes from aqueous solution. 

Dyes and Pigments, 64, 187-192. 

Gogate, P. R. and Pandi, A. B. (2004). A review of imperative technologies for  

wastewater treatment: hybrid methods. Advances in Environmental Research. 

8, 553-597. 

Gregory, J. (1978). The scientific basis of flocculation. In: Ives KJ (ed). Sijthoff and  

Noordhoff, Netherlands. 

Gregory, J. (1985). The action of polymeric flocculants, flocculation, sedimentation  

and consolidation. In : Moudgil, J. and Somasudaram, P. (eds.), Engineering 

Foundation, New York. 125. 

Green gold – a billion dollar industry. (2011). Borneo Post Online 〈http://  

www.theborneopost.com/2011/11/08/%E2%80%98green-gold%E2%80%99-

%E2%80%93-a-billion-dollar-industry/〉 [accessed February 2012].  

Guibal, E. and Roussy, J. (2007). Coagulation and flocculation of dye-containing  

solutions using a biopolymer (chitosan). Reactive and Functional Polymers.  

67, 33–42. 

 

 

 

http://www.theborneopost.com/2011/11/08/%E2%80%98green-gold%E2%80%99-
http://www.theborneopost.com/2011/11/08/%E2%80%98green-gold%E2%80%99-


121 

 

Haack, V., Heinze, T., Oelmeyer, G., and Kulicke, W. M. (2002). Starch derivatives  

of high degree of functionalization, 8a synthesis and flocculation behavior of  

cationic starch polyelectrolytes. Macromolecular Materials and Engineering. 

287, 495-795. 

Hai, F.I., Yamamoto, K., and Fukushi, K. (2007). Hybrid treatment systems for dye  

wastewater. Critical Review Environmental Science and Technology. 37,  

315-377. 

Hamdan, A. B., Tarmizi A. M., and Mohd, D. T. (1998). Empty fruit bunch  

mulching and nitrogen fertilizer amendment: The resultant effect on oil palm 

performance and soil properties. PORIM Bulletin Palm Oil Research Institute. 

Malaysia. 

Hao, O. J., Kim, H. and Chiang, P. C. (2000). Decolorization of wastewater. Reviews  

in Environmental Science and Technology. 30 (4), 449-505. 

Haroun, A. A. (2005). Evaluation of modified leather dyeing technique using black  

dyestuffs from the economical view. Dyes and Pigments. 67, 215–221.  

Hasamudin, W. and Soom, R. M. (2002). Road making using oil palm fiber.  

Malaysian Palm Oil Board Information Series. Kuala Lumpur, Malaysia.  

171. 

Hassan, L. H., Zawawi, Z. Z., Hassan, K., and Ramli, R. (1990). Research and  

developments in the utilization of oil palm by-products. In: Proc. Int. Symp. 

On the R&D Activities in the Region. Asian Inst. Sci. Technol., Kurume, Japan. 

Heitner, H. I. (1994). In: Kroschwitz JI, Howe-Grant M (eds). Encyclopedia of  

chemical technology. 4th edn. vol 11. John Wiley & Sons. 61. 

Hansen, S. B., Olsen, S. I., and Ujang, Z. (2012). Greenhouse gas reductions through  

enhanced use of residues in the life cycle of Malaysian palm oil derived 

biodiesel. Bioresource Technology. 104:358–66.   

Hao, O. J., Kim, H., and Chiang, P.-C. (2000). Decolorization of Wastewater. Critical  

Reviews in Environmental Science and Technology. 30, 449–505. 

Hirohara, H., Takehara, M., Fukita, A., Kansai, K. K. K., and Hirohara, H. (1999).  

Flocculant and sludge treatment method. JP2001129310. Japanese Patent. 

Hsu, T. C. and Chiang, C. S. (1997). Activated sludge treatment of dispersed dye  

factory wastewater. Journal of Environmental Science and Health. 32, 1921-

1932. 

 



122 

 

Ince, N. H. and Tezcanli, G. (2001). Reactive dyestuff degradation by combined  

sonolysis and ozanation. Dyes and Pigments. 49, 145-153.  

ISPCH. (1995). Industrial Safety and Pollution Control Handbook. 2nd reprint,  

second ed. A joint publication of National Safety Council and Associate (Data) 

Publishers Pvt. Ltd. Hyderabad. 451-466. 

Jadhav, J. P., Parshetti, G. K., Kalme, S. D., and Govindwar, S. P. (2007).  

Decolourization of azo dye methyl red by Saccharomyces cerevisiae MTCC 

463. Chemosphere. 68, 394-400. 

Jiang, J. Q. (2001). Development of coagulation theory and new coagulants for water  

treatment: its past, current and future trend. Water supply. 1, 57-64. 

Jiang, X., Cai, K., Zhang, J., Shen, Y., Wang S., and Tian, Z. (2011). Synthesis of a  

novel water-soluble chitosan derivative for flocculated decolourization.  

Journal of Hazardous Materials. 185, 1482-1488. 

Kanth, S. V., Venba, R., Madhan, B., Chandrababu, N. K., and Sadulla. S. (2008).  

Studies on the influence of bacterial collagenase in leather dyeing. Dyes and 

Pigments. 76, 338–347.  

Kadirvelu, K., Palanival, M., Kalpana, R., and Rajeswari, S. (2000). Activated Carbon  

from an Agricultural by-Product, for the Treatment of Dyeing Industry 

Wastewater. Bioresource Technology. 74, 263–265.  

Kassim, M. A., Abu Bakar, N., Loh, S. K., and Abdul Aziz, A. (2011). Influence of  

solid loading concentrations, inoculums size and nitrogen sources on ethanol 

production from empty fruit bunches (EFB) hydrolysate in separate hydrolysis 

and fermentation (SHF). Research Journal of Applied Science. 6, 310–9.  

Kelly-Yong, T. L., Lee, K. T., Mohamed, A. R., and Bhatia, S. (2007). Potential of  

hydrogen from oil palm biomass as a source of renewable energy worldwide. 

Energy Policy. 35, 5692–701. 

Kim, T.H., Park, C., Yang, J., and Kim, S. (2004). Comparison of disperse and  

reactive dye removals by chemical coagulation and Fenton oxidation. Journal 

of Hazardous Materials. 112, 95-103.  

Konstantinou, I. K. and Albanis, T. A. (2004). TiO2-assisted photocatalytic  

degradation of azo dyes in aqueous solution: kinetic and mechanistic 

investigations-a review. Applied Catalysis B: Environmental. 49, 1-14.  

 

 



123 

 

Kong, S. H., Loh, S. K., Bachmann, R. T, Abdul Rahim, S., and Salimon, J. (2014).  

Biochar from oil palm biomass: A review of its potential and challenges. 

Renewable and Sustainable Energy Reviews. 39, 729–739  

Lahijani, P. and Zainal, Z. A. (2011). Gasification of palm empty fruit bunch in a  

bubbling fluidized bed: A performance and agglomeration study. Bioresource 

Technology. 102, 2068-2076. 

Lau, W. J. and Ismail, A. F. (2009). Polymeric nanofiltration membranes for textile  

dye wastewater treatment: preparation, performance evaluation, transport 

modelling, and fouling control- a review. Desalination. 245, 321-348.  

Lee, S. H., and S. Wang. (2006). Biodegradable polymers/bamboo fiber  

biocomposite with biobased coupling agent. Composites Part A: Applied 

Science and Manufacturing. 37(1), 80-91. 

Lee, L. (2011). China to finance biofuel projects in Malaysia. The Star  

〈http://biz.thestar.com.my/news/story.asp?file=/2011/8/2/business/9219361〉 

[accessed February 2012].  

Lindblad, M. S., Ranucci, E. and Albertsson, A.C. (2001). Biodegradable polymers  

from renewable sources. New hemicelluloses-based hydrogel.  

Macromolecular Rapid Communications. 22, 962-967.  

Lim, K. O. (1998). Oil palm plantations – A plausible renewable source of energy.  

International Energy Journal. 20(2), 107–116. 

Lin, S. H. and Peng, F. C. (1996). Continuous treatment of textile wastewater by  

combined coagulation, electrochemical oxidation and activated sludge. Water 

Research. 30, 587-592.  

Liu, Q. and Qu, J. (2000). Decolourization of reactive bright red K2G dye:  

electrochemical process catalyzed by manganese mineral. Water Science and 

Technology. 46(11-12), 133-138. 

Liu, C. F. and Sun, R-C. (2010). Cereal straw as resources for sustainable biomaterials  

and biofuels: Chemistry, extraction, lignins, hemicellulose, and cellulose. 

Cellulose, Elsevier, UK. (Chapter 5). 

Lucas, M. S. and Peres, J. A. (2006). Decolorization of the azo dye Reactive Black 5  

by Fenton and photo-Fenton oxidation. Dyes and Pigments. 71, 236-244. 

 

 

 



124 

 

Mabire, F., Audebert, R., and Quivoron, C. (1984). Flocculation properties of some  

water-soluble cationic copolymers toward silica suspensions: A 

semiquantitative interpretation of the role of molecular weight and cationicity 

through a ‘patchwork’ model. Journal of Colloid and Interface Science. 97(1), 

120. 

Mahlia, T. M. I., Abdulmiun, M. Z., Alamsyah, T. M. I., and Mukhlishien, D. (2001).  

An alternative energy source from palm wastes industry for Malaysia and 

Indonesia. Energy Conversion Management. 42(18), 2109-18  

Marcucci, M., Nosenzo, G., Capannelli, G., Ciabatti, I., Corrieri, D., and Ciardelli,  

G. (2001). Treatment and reuse of textile effluents based on new ultrafiltration 

and other membrane technologies. Desalination. 138, 75-82.  

Mattioli, D., Malpei, F., Bortone, G., and Rozzi, A. (2002). Water minimization and  

reuse in textile industry. Water Recycling and Resource Recovery in Industry: 

Analysis, Technologies and Implementation. IWA Publishing, Cornwall, UK. 

677. 

Maximova, N. and Dahl, O. (2006). Environmental implications of aggregation  

phenomena: current understanding. Curr. Opin. 

Meier, D. and Faix, O. (1999). State of the art of applied fast pyrolysis of  

lignocellulosic materials–A review. Bioresource Technology. 68(1), 71-77.  

Meric, S., Kaptan, D., and Olmez, T. (2004). Color and COD removal from  

wastewater containing reactive black 5 using Fenton’s oxidation process. 

Chemosphere. 54, 435-441.  

Merzouk, B., Madani, K., and Sekki, A. (2010). Using electrocoagulation- 

electroflotation technology to treat synthetic solution and textile wastewater, 

two case studies. Desalination. 250, 573-77. 

Michael, Z., Daniela, B., Matthias, F., Jochen, B., and Antje, C. S. (2009). High- 

throughput screening for ionic liquids dissolving (lingo-) cellulose.  

Bioresource Technology. 100, 2580-7. 

Micheal (2012), Available at :  

http://www.pecad.fas.usda.gov/highlights/2012/12/Malaysia/ 

Mikkola, J. P., Maki-Arvela, P., Anugwom, I., Virtanen, P., and Sjoholm, R. (2010). 

Dissolution oflignocellulosic materials and its constituents using ionic liquids: 

a review. Industrial Crops and Products. 32, 175–201.  



125 

 

Mishra, A., Bajpai, M., Pal, S., Agrawal, M. and Pandey, S. (2006). Tamarindus indica 

mucilage and its acrylamide-grafted copolymer as flocculants for removal of 

dyes. Colloid and Polymer Science. 285, 162-168. 

Mittal, H., Ballav, N., and Mishra, S. B. (2014). Gum ghatti and Fe3O4 magnetic  

nanoparticles based nanocomposites for the effective adsorption of methylene 

blue from aqueous solution. Journal of Industrial and Engineering Chemistry. 

20, 2184–2192. 

Módenes, A. N., Quiñones, F. R. E., Manenti, D. R., Borba, F. H., and Palácio, S. M.  

(2012). Performance evaluation of a photo-Fenton process applied to pollutant 

removal from textile effluents in a batch system. Journal of Environmental 

Management. 104, 1-8.  

Mohammed, M. A. A., Salmiaton, A., Wan Azlina, W. A. K. G, Mohammad Amran,  

M. S., Fakhru'l-Razi, A., and Taufiq-Yap, Y. H. (2011). Hydrogen rich gas 

from oil palm biomass as a potential source of renewable energy in Malaysia. 

Renewable and Sustainable Energy Reviews. 15, 1258–70. 

Mokhtar, A., Hassan, K., Abdul Aziz, A., and Wahid, M. B. (2011). Plywood from  

oil palm trunks. Journal of Oil Palm Research. 23, 1159–65.  

Mora-Pale, M. Meli, L. Doherty, T. V., Linhardt, R. J. and Dordick, J. S. (2011).  

Room temperature ionic liquids as emerging solvents for the pretreatment of 

lignocellulosic biomass. Biotechnology and Bioengineering. 108 1229 –1245. 

Malaysian Palm Oil Board. (2010). Palm oil development and performance in  

Malaysia. 

Malaysian Palm Oil Board. (2011). Oil Palm Planted Areas as at September 2011,  

Available at: www.econ.mpob.gov.my/economy/area/Area category.pdf 

(accessed 27.06.12).  

Malaysian Palm Oil Board. (2012). Malaysian oil palm statistics. 32nd ed. Malaysia:  

MPOB, Ministry of Plantation Industries and Commodities.  

MPOC. (2010). Palm oil: a success story in green technology innovations, Available:  

http://www.akademisains.gov.my/download/asmic/asmic2010/plenary12.pdf 

(accessed 15.12.2010). 

Mumtaz, T., Yahaya, N. A., Abd-Aziz, S., Rahman, N. A., Yee, P. L., Shirai, Y., and  

Hassan, M. A. (2010). Turning waste to wealth-biodegradable plastics 

polyhydroxyalkanoates from palm oil mill effluent – a Malaysian perspective. 

Journal of Cleaner Production. 18, 1393–1402. 

http://www.akademisains.gov.my/download/asmic/asmic2010/plenary12.pdf


126 

 

Ndabigengesere, A., and Narasiah, K. S. (1998). Quality of water treated by  

coagulation using Moringa oleifera seeds. Water Research. 32, 781-791. 

No, H. K. and Meyers, S. P. (2000). Application of chitosan for treatment of  

wastewaters. Reviews of Environmental Contamination and Toxicology. 163,  

1–28. 

Öhgren, K., Bura, R., Saddler, J., and Zacchi, G. (2007). Effect of hemicellulose and  

lignin removal on enzymatic hydrolysis of steam pretreated corn stover. 

Bioresource Technology. 98, 2503–2510.  

Pala, A. and Tokat, E. (2002). Color removal from cotton textile industry wastewater  

in an activated sludge system with various additives. Water Research. 36, 

2920-2925. 

Panswad, T. and Luangdilok, W. (2000). Decolorization of reactive dyes with  

different molecular structures under different environmental conditions. Water 

Research. 34, 4177–4184.  

Papić, S., Koprivanac, N., Lončarić Božić, A., and Meteš, A. (2004). Removal of  

Some Reactive Dyes from Synthetic Wastewater by Combined Al(III) 

Coagulation/Carbon Adsorption Process. Dyes and Pigments. 62, 291– 298.  

Phalakornkule, C., Polgumhang, S., Tongdaung, W., Karakat, B. and Nuyut, T.  

(2010). Electrocoagulation of blue reactive, red disperse and mixed dyes, and 

application in treating textile effluent. Journal of Environmental Management. 

91, 918-926. 

Piarpuzán, D., Quintero, J. A., and Cardona, C. A. (2011). Empty fruit bunches from  

oil palm as a potential raw material for fuel ethanol production. Biomass 

Bioenergy. 35, 1130–7  

Politov, A., Golyazimova, O., and Lomovsky, O. (2009). Technology for bioethanol:  

a novel mechano-enzymatic approach to bioethanol production from empty 

fruit bunch materials. In: Proceedings of the international palm oil congress. 

Prasertsan, S. and Prasertsan, P. (1996). Biomass residues from palm oil mills in  

Thailand: an overview on quantity and potential usage. Biomass Bioenergy. 

11, 387–95.  

Prawitwong, P, Kosugi, A., Arai, T., Deng, L., Lee, K. C., and Ibrahim, D. (2012).  

Efficient ethanol production from separated parenchyma and vascular bundle 

of oil palm trunk. Bioresource Technology. 125, 37–42.  

 



127 

 

Pulkkinen, E. J., Reintjes, M. and Starr, L. D. (1973). US Pat.3 833 527; Chemical  

Abstract, 81, 17177k. 

Punsuvon, P., Anpanurak, W., Vaithanomsat, P., and Tungkananuruk, N. (2005).  

Fractionation of chemical components of oil palm trunk by steam explosion. 

31st Congress on Science and Technology of Thailand, Suranaree University 

of Technology, Thailand. 

Ramesh, H. P. and Tharanathan, R. N. (2003). Carbohydrates-the renewable raw  

materials of high biotechnological value. Critical Reviews in Biotechnology.  

23 (2), 149-173. 

Rashidi, H. R., Nik Sulaiman, N. M., and Hashim, N. A. (2012). Batik industry  

synthetic wastewater treatment using nanofiltration membrane. Procedia 

Engineering. 44, 2010-2012. 

Ratnasingam, J. (2011). Oil palm biomass utilization – Counting the successes in  

Malaysia. Available from http://www.woodmagmagazine.com/node/417. 

Raveendran, K., Ganesh, A., and Khilar, K. C. (1995). Influence of mineral matter  

on biomass pyrolysis characteristics. Fuel. 74 (12), 1812–1822. 

Ravi Menon, N., Abdul Rahman, Z., and Abu Bakar, N. (2003). Empty fruit bunches  

evaluation: mulch in plantation vs. fuel for electricity generation. Oil Palm 

Industry Economic Journal. 3, 15–20.  

Ren, J. L., Sun, R. C., Liu, C. F., Lin, L., and He, B. H. (2007). Synthesis and  

characterization of novel cationic SCB hemicelluloses with a low degree of 

substitution. Carbohydrate Polymers. 67, 347-357. 

Ren, J. L., Peng, F., and Sun, R. C. (2008). Preparation of hemicellulosic derivatives  

with bifunctional groups in different media. Journal of Agricultural Food and 

Chemistry. 56, 11209-11216. 

Ren, J. L., Peng, F., Sun, R. C., and Kennedy, J. F. (2009). Influence of  

hemicellulosic derivatives on the sulfate kraft pulp strength. Carbohydrate 

Polymers. 75, 338–342. 

Robinson, T., Mcmullan, G., Marchant, R., and Nigham, P. (2001). Remediation of  

dyes in textile effluent: a critical review on current treatment technologies with 

proposed alternatives. Bioresource Technology. 77, 247-255. 

Robinson, T., Chandran, B., and Nigam, P. (2002). Removal of Dyes From an  

Artificial Textile Dye Effluent by Two Agricultural Waste Residues, Corncob 

and Barley Husk. Environment International. 28, 29–33.  

http://www.woodmagmagazine.com/node/417


128 

 

Rogers, R. D., Swatloski, R. P., Spear, S. K., and Holbrey, J. D. (2002). Dissolution  

of cellulose with ionic liquids. Journal of American Society. 124, 4974–4975.  

Rozman, H. D., Musa, L. and Abubakar, A. (2005). Rice husk-polyester composites:  

The effect of chemical modification of rice husk on the mechanical and 

dimensional stability properties. Journal of Applied Polymer Science. 97 (3), 

1237-1247. 

Salehizadeh, H. and Shojaosadati, S. A. (2001). Extrcellular biopolymeric  

flocculants-recent trend and biotechnological importance. Biotechnology 

Advances. 371-85. 

Sanders, J. P. M., Clark, J. H., Harmsen, G. J., Heeres, H. J., Heijnen, J. J., Kersten,  

S. R. A., Van Swaaij, W. P. M., and Moulijn, J. A. (2012). Process 

intensification in the future production of base chemicals from biomass. 

Chemical Engineering and Processing. 51, 117–136. 

Sandhya, S. and Swaminathan, K. (2006). Kinetic analysis of treatment of textile  

wastewater in hybrid column upflow anaerobic fixed bed reactor. Journal of 

Chemical Engineering. 122, 87-92.  

Schuchardt, F., Wulfert, K., Darnoko, D., and Herawan, T. (2008). Effect of new palm  

oil mill processes on the EFB and POME utilization. Journal Oil Palm 

Research and Special Issue. 115–26.  

Sharma, B. R., Dhuldhoya, N. C., and Merchant, U. C. (2006). Flocculants-an  

ecofriendly approach. Journal of Polymer and the Environment. 14, 195-202. 

Silva, A. C., Cepera, R. M., Pereira, M. C., Lima, D. Q., Fabris, J.D., and Oliveira,  

L.C.A. (2011). Heterogeneous catalyst based on peroxo-niobium complexes 

immobilized over iron oxide for organic oxidation in water. Applied Catalysis 

B: Environmental. 107, 237–244 

Sivakumar, V. and Rao, P. G. (2003). Studies on the use of power ultrasound in  

leather dyeing. Ultrasonics Sonochemistry. 10, 85–94.  

Slokar, Y. M. and Marechal, A. M. L. (1998). Methods of decolouration of textile  

waste waters. Dyes and Pigments. 37, 335-356.  

Snowden-Swan, L. J. (1995). Pollution prevention in the textile industries. In:  

Freeman, H.M. (Ed.), Industrial Pollution Prevention Handbook. McGraw-

Hdl, Inc., New York. 

 

 



129 

 

Spiridon, I. and Popa, VI. (2008). Hemicelluloses: major sources, properties and  

applications. In: Balgacem. MN., Gandini, A. (eds) Monomers, polymers and 

composites from renewable resources, 1st edn. Elsevier, Amsterdam. 289-304.  

Spiess, A. C., Zavrel, M., Bross, D., Funke, M., and Buchs, J. (2009). High- 

throughput screening for ionic liquids dissolving (ligno-)cellulose. 

Bioresource Technology. 100, 2580–2587.  

Stechemesser, H. and Dobiáš, B. (2005). Coagulation and flocculation. Surfactant  

science series, vol. 126. 2nd ed. CRC Press. 

Subramaniam, V., Ma, A. N., Choo, Y. M., and Nik Meriam, N. S. (2008). Life  

cycle inventory of the production of crude palm oil – a gate to gate case study 

of 12 palm oil mills. Journal of Oil Palm Research. 20, 484–94.  

Sulaiman, S. A., Ahmad, M. R. T., Atnaw, S. M. (2011). Prediction of Biomass  

Conversion Process for Oil Palm Fronds in a Downdraft Gasifier. Paper read 

at The 4th International Meeting of Advances in Thermofluids, 3-4th October, 

2011, at Melaka, Malaysia. 

Sumathi, S., Chai, S. P., and Mohamed, A. R. (2008). Utilization of oil palm as a  

source of renewable energy in Malaysia. Renewable and Sustainable Energy 

Review. 12(9), 2404-2421. 

Sun, R. C., Sun, X. F. and Tomkinson, J. (2004). Hemicelluloses and their derivatives.  

ACS Symposium Series. 864, 2-21. 

Sun, N., Rahman, M., Qin, Y., Maxim, M. L., Rodriguez, H., and Rogers, R. D.  

(2009). Complete dissolution and partial delignification of wood in the ionic 

liquid 1-ethyl-3-methylimidazolium acetate. Green Chemistry. 11, 646–655.  

Szygula, A., Guibal, E., Ruiz, M., and Sastre, A. M. (2008). The removal of  

sulphonated azo dyes by coagulation with chitosan. Colloids and Surfaces. 

330, 219–226.  

Szymona, K. Borysiuk, P., H’ng, P. S., Chin, K. L., and Mamiński, M. (2014).  

Valorization of waste oil palm (Elaeis guineensis Jacq.) biomass through 

furfurylation. Materials and Design. 53, 425–429. 

Tan, S. S. Y. and MacFarlane, D. R. (2009). Ionic liquids in biomass processing.  

Ionic Liquid. 290, 311–339.  

Tan, L., Yu, Y., Li, X., Zhao, J., Qu, Y., Choo, Y. M. (2013). Pretreatment of empty  

fruit bunch from oil palm for fuel ethanol production and proposed biorefinery 

process. Bioresource Technology. 135, 275–82. 



130 

 

Timell, T. E. (1965). Wood hemicelluloses: Part II. Advances in Carbohydrate  

Chemistry. 20, 409-483. 

Thanou, M. M., Kotzé, A. F., Scharringhausen, T., Lueβen, H. L., de Boer, A. G.,  

and Verhoef, J. C. (2000). Effect of degree of quaternization of N-timethyl 

chitosan chloride for enhanced transport of hydrophilic compounds across 

intestinal Caco-2 cell monolayers. Journal of Controlled Release. 64, 15-25. 

Togo, C. A., Mutambanengwe, C. C. Z., and Whiteley, C. G. (2008).  

Decolourisation and degradation of textile dyes using a sulphate reducing 

bacteria (SRB)-biodigester microflora co-culture. African Journal of 

Biotechnology. 7 (2), 114-121.  

Tay, P. W., H’ng, P. S., Chin, K. L., Wong, L. J., and Luqman, A. C. (2013). Effects  

of steeping variables and substrate mesh size on starch yield extracted from oil 

palm trunk. Industrial Crops and Products. 44, 240–5.  

Teymouri, F., Laureano-Perez, L., Alizadeh, H., and Dale, B. E. (2005).  

Optimization of the ammonia fiber explosion (AFEX) treatment parameters for 

enzymatic hydrolysis of corn stover. Bioresource Technology. 96, 2014–2018.  

USEPA (1997). EPA Office of Compliance Sector Notebook Project. Profile of the  

Textile Industry, Washington.  

Verma, A. K., Dash, R. R., and Bhunia, P. (2012). A review on chemical  

coagulation/flocculation technologies for removal of colour from textile 

wastewaters. Journal of Environmental Management. 93, 154-168. 

Vijayaraghvan, K. and Yun, Y. S. (2008). Bacterial biosorbents and biosorption.  

Biotechnology Advances. 26, 266-91. 

Wahid, M. B., Choo, Y. M., Lim, W. S., Abdul Aziz, A., Mokhtar, A., and Ibrahim,  

Z. (2009). MPOB Biomass Technology Centre: road to zero waste. 2nd ed. 

Kuala Lumpur: Malaysian Palm Oil Board. 

Wanrosli, W. D., Zainuddin, Z., Law, K. N., and Asro, R. (2007). Pulp from oil palm  

fronds by chemical processes. Industrial Crops and Products. 25, 89–94. 

Wang, H. C., Li, M. H., Tsang, H. W., Wu, M. M., and Lin, H. P. P. (2007). Novel  

biological flocculants and production methods. US20070062865. United 

States Patent.  

Watson, S. A. (1959). Corn hull gum, in Industrial Gums. In R. L. Whistler and J. N.  

BeMiller (Eds.). Polysaccharides and their derivatives. New  

York, Academic Press. 299-306. 



131 

 

Welham, A. (2000). The theory of dyeing (and the secret of life). Journal of the  

Society of Dyers and Colourists. 116, 140-143.  

Xu, J., Widyorini, R., Yamauchi, and H., Kawai, S. (2006). Development of  

binderless fiberboard from kenaf core. Journal of Wood Science. 52, 236- 

243.  

Yamada, H., Tanaka, R., Sulaiman, O., Hashim, R., Hamid, Z. A. A., and Yahya, M.  

K. A. (2010). Old oil palm trunk: a promising source of sugars for bioethanol 

production. Biomass Bioenergy. 34, 1608-13.  

Yang, Z., Yang, Hu., Jiang, Z., Cai, T., Li, H., Li, H., Li, A., Chen, R. (2013).  

Flocculation of both anionic and cationic dyes in aqueous solutions by the 

amphoteric grafting flocculant carboxymethyl chitosan-graft-polyacrylamide. 

Journal of Hazardous Materials. 254-255, 36-45. 

Yin, C. Y., Kadir, S. A. S. A., Lim, Y. P., Syed-Ariffin, S. N., and Zamzuri, Z. (2008).  

An investigation into physicochemical characteristics of ash produced from 

combustion of oil palm biomass waste in a boiler. Fuel Processing Technology. 

89, 693-6.  

Yuliansyah, A. T., Hirajima, T., Kumagai, S., and Sasaki, K. (2010). Production of  

solid biofuel from agricultural wastes of the palm oil industry by hydrothermal 

treatment. Waste and Biomass Valorization. 1, 395-405.  

Yuvaraj, S. V., Subbotin, O. S., Belosludov, R. V., Belosludov, V. R., Kanie, K.,  

Funaki, K., Muramatsu, A., Nakamura, T., Mizuseki, H. and Kawazoe, Y. 

(2014). Theoretical evaluation on solubility of synthesized task speci fic ionic 

liquids in water. Journal of Molecular Liquids. 200, 232-237. 

Zhang, L. M (2001). Preparation and anti-clay-swelling ability of new water soluble  

cellulose derivatives containing quaternary ammonium groups. Journal of  

Applied Science. 79, 1416-1422. 

Zhang, J., Zhang, H., Wu, J., and He, J. S. (2005). 1-Allyl-3-methylimidazolium  

chloride room temperature ionic liquid: a new and powerful non derivatizing 

solvent for cellulose. Macromolecules. 38, 8272–8277.  

Zhang, W., Yan, H., Li, H., Jiang, Z., Dong, L., Kan, X., Yang, H., Li, A., and Cheng,  

R. (2011). Removal of dyes from aqueous solutions by straw based adsorbents: 

Batch and column studies. Journal of Chemical Engineering. 168, 1120-1127.  

 

 



132 

 

Zhao, H., Jones, C., Baker, G., Xia, S., Olubajo, O., and Person, V. (2009).  

Regenerating cellulose from ionic liquids for an accelerated enzymatic 

hydrolysis. Journal of Biotechnology. 139(1), 47–54.  

Zhu, S., Wu, Y., Chen, Q., Yu, Z., Wang, C., Jin, S., Ding, Y., and Wu, G. (2006).  

Dissolution of cellulose with ionic liquids and its application: a mini-review. 

Green Chemistry. 8(4), 325. 

 

 


	02 FINAL Thesis Status Declaration NORSALLIANA SHAARI
	03 Brg Pengesahan Kerjasama_1_salliana new
	01 FINAL Chapter 0 NORSALLIANA SHAARI part 1 no page number
	04 FINAL Chapter 0 NORSALLIANA SHAARI part 2 start page number
	05 FINAL Chapter 1 NORSALLIANA SHAARI
	06 FINAL Chapter 2 NORSALLIANA SHAARI
	07 FINAL Chapter 3 NORSALLIANA SHAARI
	08 FINAL Chapter 4 NORSALLIANA SHAARI
	09 FINAL Chapter 5 NORSALLIANA SHAARI
	10 FINAL Reference NORSALLIANA SHAARI
	11 FINAL Appendix NORSALLIANA SHAARI
	FINAL RESPONSE CORRECTION DONE ON EXAMINERS COMMENTS FORM NORSALLIANA SHAARI



