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By 
 
 

FARIS SYAHIRAN BIN ISMAIL 

November 2019 

Chair  : Mohammad Jawaid, PhD 
Faculty  : Institute of Tropical Forestry and Forest Products 
 
 
The abundance of biomass generated from oil palm industry can be utilized by 
producing value added products such as high durability paper. Therefore, this 
study aimed to determine the effects of oil palm empty fruit bunch (OPEFB) 
pulp and paper properties after beating and adding microcrystalline cellulose 
(MCC) during the papermaking process. The pulps were produced using Kraft 
pulping condition with the incorporation of 0%, 3%, 6% and 9% of MCC during 
papermaking process. The pulps were also beaten at 500 and 1,000 revs of 
beating level. TAPPI Standard Method was used for the papermaking. Pulp 
characterization involved pulp freeness, pulp viscosity, pulp drainage and 
morphological observation. Paper testing included physical, optical, mechanical 
and thermal properties. Chemical composition of EFB fibre showed an amount 
of 43.66% and 25.74% of alpha cellulose and of lignin respectively which were 
suitable for pulping process. The removal of lignin about 82.71% and increase 
in percentage of alpha cellulose after the pulping process indicated that the 
pulps can be used to produce high strength paper. Increased fibrillation caused 
by beating resulted in lower freeness value of 1,000 beaten pulps compared to 
other samples. Micrograph observations of the paper showed that the paper 
became more flatten with the introduction of beating and consequently, 
decreased the thickness of paper.  Smoothness of the paper increased with 
higher beating revolution and higher concentration of MCC, but porosity 
worsened. The result indicated that addition of MCC into the beaten and 
unbeaten pulps resulted in positive effect to the mechanical strength of the 
paper. Tensile index and tear index of unbeaten pulps showed increment by 
71.4% and 24.5%, respectively with the addition of 9% MCC concentration, 
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while 6% MCC to 500 revolutions beaten pulps increased freeness value, tear 
strength, burst strength, folding endurance and brightness by 1.15%, 39.07%,  
18.54%, 0.06% and 4.74%, respectively. Optical properties of the paper 
showed that unbeaten pulp decreased with the addition of MCC in terms of 
brightness, whereas the brightness of the beaten pulps increased with 
increasing concentration of MCC. Thermal analysis showed that MP0a (EPB 
pulp) had the highest thermal degradation compared to other samples. Addition 
of MCC resulted in negative effect to thermal stability as it decreased the 
thermal stability of the unbeaten and beaten pulps. In conclusion, the study 
discovered that the less than 6% of MCC improved the properties of the 500 
revolutions beaten pulps in terms of mechanical strength, while overdose of 
MCC addition and high beating revolution of EFB fibres degraded all major 
properties of the paper. 
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PENCIRIAN MIKROKRISTAL SELULOSA-SERAT TANDAN KOSONG 
KELAPA SAWIT YANG BERPOTENSI SEBAGAI KERTAS BERKEKUATAN 

MEKANIKAL TINGGI  
 

Oleh 

 

FARIS SYAHIRAN BIN ISMAIL 

November 2019 

Pengerusi : Mohammad Jawaid, PhD 
Fakulti  : Institut Perhutanan Tropika dan Produk Hutan 
 
 
Abstrak merupakan ringkasan keseluruhan tesis dan wajib diberi perhatian rapi 
Biojisim yang banyak dihasilkan daripada industri kelapa sawit boleh 
digunakan untuk penghasilan produk nilai tambah seperti kertas yang 
mempunyai kekuatan mekanikal yang tinggi. Oleh itu, kajian ini menentukan 
kesan terhadap serat tandan  kosong kelapa sawit (OPEFB) dan sifat kertas 
selepas pemukulan dan penambahan selulosa mikrokristal (MCC) semasa 
proses pembuatan kertas. Pulpa yang dihasilkan menggunakan kaedah Kraft 
yang digabungkan dengan penambahan 0%, 3%, 6% dan 9% MCC semasa 
proses pembuatan kertas. Pulpa juga dihentak pada tahap pemukulan 500 dan 
1,000. Kaedah Piawaian TAPPI digunakan untuk pembuatan kertas. Kaedah 
pencirian pulpa melibatkan ujian-ujian seperti kebebasan pulpa, kelikatan 
pulpa, saliran pulpa dan pemerhatian morfologi. Ujian kertas termasuk sifat 
fizikal, mekanik, optik dan haba. Komposisi kimia serat EFB menunjukkan 
sejumlah 43.66% dan 25.74% alfa selulosa dan lignin masing-masing yang 
sesuai untuk proses menghasilkan pulpa. Penyingkiran 82.71% lignin dan 
peningkatan peratusan alfa selulosa selepas proses penghasilan pulpa 
menunjukkan bahawa pulpa tersebut boleh digunapakai untuk membuat kertas 
yang mempunyai kekuatanmekaniakal yang tinggi. Peningkatan pemfibrilan 
yang disebabkan oleh tahap pemukulan 1,000 mengakibatkan ujian nilai 
kebebasan pulpa yang lebih rendah berbanding dengan sampel lain. 
Pemerhatian terhadap mikrograf kertas menunjukkan bahawa kertas menjadi 
lebih mendatar apabila diperkenalkan dengan pemukulan pulpa yang 
mengakibatkan pengurangan ketebalan kertas. Kelicinan kertas meningkat 
dengan revolusi hentakan dan kepekatan MCC yang lebih tinggi tetapi 
menjadikan keliangan kertas bertambah teruk. Hasilnya menunjukkan bahawa 
penambahan MCC ke dalam pulpa yang tidak dipukul dan dipukul memberi 
kesan positif kepada kekuatan mekanik kertas. Indeks ketegangan dan indeks 
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siat pulpa yang tidak dipukul masing-masing menunjukkan kenaikan sebanyak 
71.4% dan 24.5% dengan penambahan 9% kepekatan MCC manakala 
penambahan 6% MCC kepada 500 revolusi pulpa dipukul meningkatkan nilai 
kebebasan, kekuatan koyak, kekuatan letus, ketahanan lipatan dan kecerahan 
sebanyak 1.15%, 39.07%, 18.54%, 0.06% dan 4.74% masing-masing. Ciri-ciri 
optik kertas melihatkan bahawa pulpa yang tidak dipukul mengalami 
penurunan dengan penambahan MCC dari segi tahap kecerahan sementara 
kecerahan pulpa yang dipukul menunjukkan kenaikan dengan penambahan 
kepekatan MCC. Analisis haba menunjukkan bahawa MP0a (pulpa EFB) 
mempunyai kemerosotan termal tertinggi berbanding sampel lain. 
Penambahan MCC menghasilkan kesan yang negatif terhadap kestabilan 
termal kerana penambahan MCC menurunkan kestabilan termal pulpa yang 
tidak dipukul dan dipukul. Kesimpulannya, kajian mendapati bahawa 
penambahan peratusan MCC kurang daripada 6% manambah baik sifat-sifat 
pulpa yang dipukul dengan tahap pukulan 500 revolusi dari segi kekuatan 
mekanikal manakala penambahan MCC yang berlebihan dan revolusi 
pemukulan yang tinggi kepada serat EFB didapati memberi kesan buruk 
kepada semua sifat utama kertas. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Increase demand for paper can be associated with rising population growth 
and industrialization in developing countries causing intensive usage of wood 
for papermaking source in pulp and paper industry. This phenomenon could 
lead to negative impact to the environment such as over exploitation of 
timberland. Therefore, production of pulp fibres from agricultural biomass 
deserves a consideration (Puitel et al., 2015). The availability of these 
agricultural biomass renders the cost cheaper as they are not fully utilized 
(Mahale & Goswami-giri, 2015). 

The palm oil industry creates enormous quantity of empty fruit bunch waste 
after the crude oil was processed (EFB) (Singh et al.,2013). Common method 
used to manage this waste is by burning openly. However, this causes 
uncontrollable apprehensions to the environment. Traditional approach will take 
longer time because the wastes are left and take time to biodegrade. These  
biomasses also can be converted into other beneficial products that give 
potential income for the palm oil manufacturing countries (Hashim et al., 2011).  
The oil palm tree originated from tropical rain forest in West Africa. It is known 
as Elaies guineesis (Kaliwon et al., 2010).  Oil palm is a type of crop commonly 
found in rainy tropical wetlands. The tree grows in a deep soil with continuous 
moisture throughout the year (Verheye, 2010). Oil palm is brought to Malaysia 
as a decorative plant in the 1800s. Later, under the government’s agricultural 
diversification program, it is cultivated for commercial planting to minimize the 
dependence on the exports of tin and rubber to the country’s economy (Mahlia 
et al., 2012). 

Empty fruit bunch (EFB) shared similarities to wood in in their chemical 
composition, physical, and mechanical attributes.  It can be used as raw 
materials in making wood-based product such as pulp and paper   (Rushdan et 
al., 2007 in Abdul Khalil et al., 2010). 

Beating is a mechanical action experienced by the fibre in the presence of 
water which produces the best maximum conditions for fibres to intertwine in 
the web and bonding between the fibres by increasing the contact area 
between the fibres. As a result, the fibres become more flexible as fibrillation on 
the surface increased (Adel et al., 2016). © C
OPYRIG
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Beating affects, the sheet quality by improving flexibility, enhancing swelling 
ability and thus, improves the bonding ability which increases the tensile 
strength. However, too much beating also can affect negatively as it 
deteriorates the tensile strength (Harsono et al., 2016; Osong et al., 2016). 
Excess refining adversely affect the bending stiffness of paper that lead to 
paper densification (Osong et al., 2016). 
 
 
Cellulose served as the principal strengthening part in plant components and is 
one of the most copious biopolymers on earth as it can be found in all wood 
and other plant-based constituents (Siró & Plackett, 2010). According to Osong 
et al., (2016), nanocellulose can be categorized as cellulose nanofibres and 
cellulose nanostructured materials. Cellulose nanofibres are subdivided into 
nanocrystalline cellulose or cellulose and nanofibrillar cellulose (NFC) whereas 
cellulose nanostructured materials are sub-grouped into microcrystalline 
cellulose and microfibrillar cellulose (MFC) based on TAPPI WI 3021. 
 
 
Microcrystalline cellulose (MCC) is a distinguished term used for commercially 
available manufactured goods. The sizes of highly crystalline MCC are 
micrometer and have very high purity cellulose (Berglund 2005; Siró and 
Plackett 2010). 
 
 
1.2 Problem statement 

 
 
The total production of crude palm oil (CPO) in year 2017 in Malaysia was 
approximately 19.92 million tons compared to 17.32 million tons in 2016. The 
total export of oil palm products in year 2017 also rose by 2.9% to 23.97 miilion 
tons compared to previous year (MPOB, 2017). With its 6 million hectares of 
cultivated area, oil palm industry in Malaysia had created 100 million tons of 
biomass while the empty fruit bunches generated more than 10 million tons 
from more than 30 million tons of total crop of fresh fruit bunch per year (Abdul 
Khalil et al., 2010). Some of the EFB are burnt in incinerators and the ash is 
reused onto the plantation as fertilizer as a means of conventional clearance 
(Abdullah & Sulaiman, 2013). Though, most are left by the millers as mulch 
because they are not used for any other means. This is because the bulkiness 
and wetness of EFB rendered them unsuitable for either handling or 
transportation purposes (Chiew & Shimada, 2013). 
 
 
In search of the solutions to commercialize this byproduct, EFB is used in 
papermaking where there has been important development in recent years in 
Malaysia. Study conducted by Rushdan et. al, (2007) indicated that EFB has 
promising prospect to be used for raw materials in making pulp for paper. 
Production of soda empty fruit bunch (EFB) was suitable for manufacturing of 
corrugated cartons, printing and writing paper, and other paper based products 
(Daud & Law, 2011).  
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Various type of treatments can be used to make pulp from EFB such as soda 
pulping, soda antraquinone, alkaline peroxide and acetosolv. Kraft pulping was 
used in this study as the process yield better quality of pulp in terms of 
strength. Beating is a mechanical treatment applied to pulp suspension to 
improve the strength. In this study, the pulps were beaten to different 
revolutions using mechanical beating process to increase the fibrillation of the 
fibre for better bonding and flexibility of the paper. 
 
 
Paper is commonly added with additives such as starch and cellulose to 
increase their strength. Minerals are also used which can be advantageous to 
the paper strength or otherwise affect negatively on the mechanical properties. 
According to Fang, (2019),  mineral fillers that are commonly used in 
papermaking include; precipitated calcium carbonate (PCC), kaolin, talc and 
titanium dioxide.   
 
 
Researchers have explored to demonstrate the benefits of nanocellulosic 
materials as strengthening agent in paper and board. Studies have also shown 
that incorporations of fibrillated cellulose (Hassan et al., 2015; Taipale et al., 
2010; Tarrés et al., 2016) and nanocellulose (Potulski, 2016) improve the 
mechanical properties of the paper. However, there is little published work 
related to paper production from EFB incorporated with microcrystalline 
cellulose and the addition of pulp beating in papermaking.  
 
 
1.3  Objective study 

 

 

The general objective of this study was to utilize EFB into potential specialized 
paper. The product will benefit the industry as it helps to reduce the effect of 
environmental pollution and help forest conservation. In addition, it also helps 
towards sustainable future through solving the waste removal crisis in oil palm 
planting countries.  The specific objectives of this research are stated as 
following: 
 
 

1. To determine the effects of microcrystalline cellulose addition on the 
formation of paper from oil palm empty fruit bunch on their pulp 
characterization, paper physical, mechanical, optical and thermal 
properties. 

2. To determine the effects of different beating level on the oil palm empty 
fruit bunch pulp with addition of microcrystalline cellulose (MCC) on 
their pulp characterization, paper physical, mechanical, optical and 
thermal properties. 
 

3. To determine the effects of different beating level on the strength of oil 
palm empty fruit bunch paper with addition of microcrystalline cellulose 
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(MCC) on their pulp characterization, paper physical, mechanical, 
optical and thermal properties. 
 
 

1.4 Hypothesis 

 

 

1. There is no significant effect of microcrystalline cellulose addition on 
the formation of paper from oil palm empty fruit bunch on their pulp 
characterization, paper physical, mechanical, optical and thermal 
properties. 
 

2. There is no significant effect of pulp beating level on the pulp from oil 
palm empty fruit bunch with the addition of microcrystalline cellulose 
(MCC) on their pulp characterization, paper physical, mechanical, 
optical and thermal properties. 
 

3. There is no significant effect of pulp beating on paper made from oil 
palm empty fruit bunch with the addition of microcrystalline cellulose 
(MCC) on their pulp characterization, paper physical, mechanical, 
optical and thermal properties. 
 
 

1.5 Scope of Study 

 

 

This research focused on the influence of different pulp beating level on the 
pulp characterization, paper physical, mechanical, optical and thermal 
properties on EFB Kraft pulp incorporated with different percentage of 
microcrystalline cellulose (MCC).   

© C
OPYRIG

HT U
PM



58 

REFERENCES 
 

Abdul Khalil, H. P. S., Bhat, A. H., Jawaid, M., Amouzgar, P., Ridzuan, R., & 
Said, M. R. (2010). Agro-wastes: Mechanical and physical properties of 
resin impregnated oil palm trunk core lumber. Polymer Composites, 
31(4), 638–644.  

Abdul Khalil, H. P. S., Firdaus, M. Y. N., Jawaid, M., Anis, M., Ridzuan, R., & 
Mohamed, A. R. (2010). Development and material properties of new 
hybrid medium density fibreboard from empty fruit bunch and 
rubberwood. Materials and Design, 31(9), 4229–4236.  

Abdul Khalil, H. P. S., Siti Alwani, M., Ridzuan, R., Kamarudin, H., & Khairul, A. 
(2008). Chemical composition, morphological characteristics, and cell 
wall structure of malaysian oil palm fibers. Polymer-Plastics 
Technology and Engineering, 47(3), 273–280.  

Abdullah, N., & Sulaiman, F. (2013). The oil palm wastes in Malaysia. Biomass 
Now - Sustainable Growth and Use, 75–100.  

Adel, A. M., El-Gendy, A. A., Diab, M. A., Abou-zeid, R. E., El-Zawawy, W. K., 
& Dufresne, A. (2016). Microfibrillated cellulose from agricultural 
residues. Part I: Papermaking application. Industrial Crops and 
Products, 93, 161–174.  

Adel, A. M., & El-Shinnawy, N. A. (2012). Hypolipidemic applications of 
microcrystalline cellulose composite synthesized from different 
agricultural residues. International Journal of Biological 
Macromolecules, 51(5), 1091–1102.  

Afra, E., Yousefi, H., Hadilam, M. M., & Nishino, T. (2013). Comparative effect 
of mechanical beating and nanofibrillation of cellulose on paper 
properties made from bagasse and softwood pulps. Carbohydrate 
Polymers, 97(2), 725–730.  

Alias, N., Ibrahim, N., Hamid, M. K. A., Hasbullah, H., Ali, R. R., Sadikin, A. N., 
& Asli, U. A. (2014). Thermogravimetric analysis of rice husk and 
coconut pulp for potential biofuel production by flash pyrolysis. 
Malaysian Journal of Analytical Sciences, 18(3), 705–710. 

Aracri, E., Vidal, T., & Ragauskas, A. J. (2011). Wet strength development in 
sisal cellulose fibers by effect of a laccase-TEMPO treatment. 
Carbohydrate Polymers, 84(4), 1384–1390.  

Awalludin, M. F., Sulaiman, O., Hashim, R., & Nadhari, W. N. A. W. (2015). An 
overview of the oil palm industry in Malaysia and its waste utilization 
through thermochemical conversion, specifically via liquefaction. 
Renewable and Sustainable Energy Reviews, 50, 1469–1484.  

Bahar, N., Hidayat, T., Elyani, N., & Rostika, I. (2013a). The potential of 
nanocellulose from acacia mangium pulp for specialty paper making. 
Jurnal Selulosa, 3(1), 1–8.  

Bhardwaj, N. K., Duong, T. D., & Nguyen, K. L. (2004). Pulp charge 
determination by different methods: Effect of beating/refining. Colloids 
and Surfaces A: Physicochemical and Engineering Aspects, 236(1–3), 
39–44.  

Brodin, F. W., Gregersen, Ø. W., & Syverud, K. (2014). Cellulose nanofibrils: 
Challenges and possibilities as a paper additive or coating material - A 
review. Nordic Pulp and Paper Research Journal, 29(1), 156–166.  

 

© C
OPYRIG

HT U
PM



59 
 

Chandel, A. K., Antunes, F. A. F., Anjos, V., Bell, M. J. V, Rodrigues, L. N., 
Polikarpov, I., de Azevedo, E.R., Bernardinelli, O.D., Rosa, C.A., 
Pagnocca, F.C. and da Silva, S.S. (2014). Multi-scale structural and 
chemical analysis of sugarcane bagasse in the process of sequential 
acid – base pretreatment and ethanol production by Scheffersomyces 
shehatae and Saccharomyces cerevisiae, Biotechnology for biofuels, 
7(1), 63. 

Chauhan, V. S., & Chakrabarti, S. K. (2012b). Use of nanotechnology for high 
performance cellulosic and papermaking products. Cellulose Chemistry 
and Technology, 46(5), 389–400. 

Chernyaev, A., & Enberg, E. (2015). The use of microcellulose in papermaking. 
Tampere University of Applied Sciences. 

Chiew, Y. L., & Shimada, S. (2013). Current state and environmental impact 
assessment for utilizing oil palm empty fruit bunches for fuel, fiber and 
fertilizer - A case study of Malaysia. Biomass and Bioenergy, 51, 109–
124.  

Chong, P. S., Jahim, J. M., Harun, S., Lim, S. S., Mutalib, S. A., Hassan, O., & 
Nor, M. T. M. (2013). Enhancement of batch biohydrogen production 
from prehydrolysate of acid treated oil palm empty fruit bunch. 
International Journal of Hydrogen Energy, 38(22), 9592–9599.  

Chuayjuljit, S., Su-Uthai, S., & Charuchinda, S. (2010). Poly(vinyl chloride) film 
filled with microcrystalline cellulose prepared from cotton fabric waste: 
Properties and biodegradability study. Waste Management and 
Research, 28(2), 109–117.  

Collard, F. X., & Blin, J. (2014). A review on pyrolysis of biomass constituents: 
Mechanisms and composition of the products obtained from the 
conversion of cellulose, hemicelluloses and lignin. Renewable and 
Sustainable Energy Reviews, 38, 594–608.  

Crews, K., Huntley, C., Cooley, D., Phillips, B., & Curry, M. (2016). Influence of 
Cellulose on the mechanical and thermal stability of abs plastic 
composites. International Journal of Polymer Science, 2016. 

Dermawan, Y. M., Ghazali, A., Daud, W. R. W., & Lazin, M. A. K. M. (2012). 
Alkaline peroxide pulping of oil palm empty fruit bunch by variation of 
chemical strength. AIP Conference Proceedings, 1482, 263–267.  

Djafari Petroudy, S. R., Syverud, K., Chinga-Carrasco, G., Ghasemain, A., & 
Resalati, H. (2014). Effects of bagasse microfibrillated cellulose and 
cationic polyacrylamide on key properties of bagasse paper. 
Carbohydrate Polymers, 99, 311–318.  

Dong, C., Song, D., Patterson, T., Ragauskas, A., & Deng, Y. (2008). Energy 
saving in papermaking through filler addition. Industrial & Engineering 
Chemistry Research, 47(21), 8430-8435. 

Faris, A. H., Rahim, A. A., Mohamad Ibrahim, M. N., Hussin, M. H., Alkurdi, A. 
M., & Salehabadi, A. (2017). Investigation of oil palm based Kraft and 
auto-catalyzed organosolv lignin susceptibility as a green wood 
adhesives. International Journal of Adhesion and Adhesives, 
74(January), 115–122.  

Ferrer, A., Vega, A., Ligero, P., & Rodríguez, A. (2011). Pulping of empty fruit 
bunches (EFB) from the palm oil industry by formic acid. 
BioResources, 6(4), 4282–4301. 

© C
OPYRIG

HT U
PM



60 

Gharehkhani, S., Sadeghinezhad, E., Kazi, S. N., Yarmand, H., Badarudin, A., 
Safaei, M. R., & Zubir, M. N. M. (2015). Basic effects of pulp refining on 
fiber properties - A review. Carbohydrate Polymers, 115, 785–803.  

Ghazali, M., Nawawi, M., Othman, N., Sadikin, A. N., & Ismail, N. C. H. E. 
(2008). Lignocellulosic fiber media filters as a potential technology for 
primary industrial wastewater treatment. Jurnal Teknologi, 49(F), 149–
157. 

Grisoni-Colli, A., Breschi, F., & Beccari, H. (1967). Le langage comme 
phénomène et comme fonction. Journal of the Neurological Sciences, 
4(3), 583–593.  

Grönfors, J. (2010). Use of fillers in paper and paperboard grades, Tampere 
University of Applied Sciences, International Pulp and Paper 
Technology (Doctoral dissertation, thesis). 

Gulsoy, S. K. (2014). Effects of cationic starch addition and pulp beating on 
strength properties of softwood kraft pulp. Starch/Staerke, 66(7–8), 
655–659.  

H Harsono. (2015). Study on manufacturing of dissolving pulp and mechanical 
pulp from oil palm empty fruit bunch in Indonesia. University of 
Tsukuba.  

Hamid Abd Kamarul Azlan. (2008). Production of Cellulose Fiber From Oil 
Palm Frond Using Steam Explosion Method. Thesis, (May), 1–40. 

Harsono, H., Putra, A. S., Maryana, R., Rizaluddin, A. T., H’ng, Y. Y., 
Nakagawa-izumi, A., & Ohi, H. (2016). Preparation of dissolving pulp 
from oil palm empty fruit bunch by prehydrolysis soda-anthraquinone 
cooking method. Journal of Wood Science, 62(1), 65–73.  

Hashim, R., Nadhari, W. N. A. W., Sulaiman, O., Kawamura, F., Hiziroglu, S., 
Sato, M., Sugimoto, T., Seng, T.G. and Tanaka, R., (2011). 
Characterization of raw materials and manufactured binderless 
particleboard from oil palm biomass. Materials and Design, 32(1), 246–
254.  

Hassan, E. A., Hassan, M. L., & Oksman, K. (2011). Improving bagasse pulp 
paper sheet properties with microfibrillated cellulose isolated from 
xylanase-treated bagasse. Wood and Fiber Science, 43(1), 76–82.  

Hassan, M. L., Bras, J., Mauret, E., Fadel, S. M., Hassan, E. A., & El-Wakil, N. 
A. (2015). Palm rachis microfibrillated cellulose and oxidized-
microfibrillated cellulose for improving paper sheets properties of 
unbeaten softwood and bagasse pulps. Industrial Crops and Products, 
64, 9–15. 

Hospodarova, V., Singovszka, E., & Stevulova, N. (2018). Characterization of 
cellulosic fibers by FTIR spectroscopy for their further implementation 
to building materials. American Journal of Analytical Chemistry, 09(06), 
303–310.  

Hurter, R. W., & Byrd, M. V. (2017). Bench scale pulping & bleaching of 
Malaysian oil palm empty fruit bunch. TAPPI Journal, 16(6), 362–371. 

Ibrahim, R. (2002). Chemical composition of alkaline pulps from oil palm empty 
fruit bunches. Oil Palm Bulletin, 44(September), 19–24.  

Ibrahim, R. (2003). Structural, mechanical and optical properties of recycled 
paper blended with oil palm empty fruit bunch pulp. Journal of Oil Palm 
Research, 15(2), 2–34.  

 

© C
OPYRIG

HT U
PM



61 
 

Izzuddin, M. Y. (2008). Oil palm frond (OPF) as an alternative source of pulp & 
paper production material. Undergraduate Thesis. Faculty of Chemical 
& Natural Resources Engineering. 

Jiménez, L., Serrano, L., Rodríguez, A., & Ferrer, A. (2009). TCF bleaching of 
soda-anthraquinone and diethanolamine pulp from oil palm empty fruit 
bunches. Bioresource Technology, 100(3), 1478–1481.  

Jiménez, L., Serrano, L., Rodríguez, A., & Sánchez, R. (2009). Soda-
anthraquinone pulping of palm oil empty fruit bunches and beating of 
the resulting pulp. Bioresource Technology, 100(3), 1262–1267.  

Juan, R., & García, A. (2017). Cationization of cellulose from conventional and 
alternative raw materials for papermaking. Doctoral dissertation. 
Universidad Pablo de Olavide. 

Julkapli, N. M., & Bagheri, S. (2016). Developments in nano-additives for paper 
industry. Journal of Wood Science, 62(2), 117–130.  

Kajanto, I., & Kosonen, M. (2012). The potential use of micro- and nano 
fibrillated cellulose as a reinforcing element in paper and board based 
packaging. TAPPI International Conference on Nanotechnology for 
Renewable Materials 2012, 2(6), 393–408.  

Kaliwon, J., Sh Ahmad, S., & Abdul Aziz, A. (2010). Performance of oil palm 
EFB fibre reinforced concrete roof slates. In 2010 International 
Conference on Science and Social Research (CSSR 2010) (pp. 528–
531). IEEE.  

Kayasth, V., & Srivastava, R. (2018). Biopackaging Applications of Pine 
Needles: Microfibrillated Cellulose Isolation and Handmade 
Papermaking. Jaypee University of Information Technology. 

Khalil, H. P. S. A., Alwani, M. S., Ridzuan, R., Kamarudin, H., & Khairul, A. 
(2008). Chemical composition, morphological characteristics, and cell 
wall structure of Malaysian oil palm fibers. Polymer - Plastics 
Technology and Engineering, 47(3), 273–280.  

Kruer-Zerhusen, N., Cantero-Tubilla, B., & Wilson, D. B. (2018). 
Characterization of cellulose crystallinity after enzymatic treatment 
using Fourier transform infrared spectroscopy (FTIR). Cellulose, 25(1), 
37–48.  

Kim, K. M., Lee, J. Y., Jo, H. M., & Kim, S. H. (2019). Cellulose nanofibril 
grades’ effect on the strength and drainability of security paper. 
BioResources, 14(4), 8364–8375.  

L Lengowski, E. C., Júnior, E. A. B., Kumode, M. M. N., Carneiro, M. E., & 
Satyanarayana, K. G. (2019). Nanocellulose in the paper making. In 
Sustainable Polymer Composites and Nanocomposites (pp. 1027-
1066). Springer, Cham.  

Liu, K., Chen, L., Huang, L., Ni, Y., & Sun, B. (2015). Enhancing antibacterium 
and strength of cellulosic paper by coating triclosan-loaded 
nanofibrillated cellulose (NFC). Carbohydrate Polymers, 117, 996–
1001.  

Lourenço, A. F., Gamelas, J. A. F., Sarmento, P., & Ferreira, P. J. T. (2019). 
Enzymatic nanocellulose in papermaking – The key role as filler 
flocculant and strengthening agent. Carbohydrate Polymers, 
224(August), 115200.  

Mahale, S., & Goswami-Giri, A. S. (2015). Environmental friendly approach in 
paper making using natural organic waste. Chem Sci Rev Lett, 4, 489-
93.

© C
OPYRIG

HT U
PM



62 

Mahlia, T. M. I., Yong, J. H., Safari, A., & Mekhilef, S. (2012). Techno-
economic analysis of palm oil mill wastes to generate power for grid-
connected utilization. Energy Education Science and Technology Part 
A: Energy Science and Research, 28(2), 1111–1130. 

Masrol, S. R., Ibrahim, M. H. I., Adnan, S., Amir Shah, M. S. S., Main, N. M., 
Esa, M. F., & Othman, M. H. (2015). Effect of beating process to soda 
anthraquinone pulp of oil palm male flower spikes fibre. Applied 
Mechanics and Materials, 773–774, 158–162.  

Mayr, M., Odabas, N., Eckhart, R., Henniges, U., & Bauer, W. (2017). 
Cationization of lignocellulose as a means to enhance paper strength 
properties. BioResources, 12(4), 9338–9347. 

Mohamad Haafiz, M. K., Eichhorn, S. J., Hassan, A., & Jawaid, M. (2013). 
Isolation and characterization of microcrystalline cellulose from oil palm 
biomass residue. Carbohydrate Polymers, 93(2), 628–634. 

Mohamad Ibrahim, M. N., Zakaria, N., Sipaut, C. S., Sulaiman, O., & Hashim, 
R. (2011). Chemical and thermal properties of lignins from oil palm 
biomass as a substitute for phenol in a phenol formaldehyde resin 
production. Carbohydrate Polymers, 86(1), 112–119. 

Mohd Zukeri, M. R. H., Ghazali, A., Wan Daud, W. R., Ibrahim, R., Ahmad, T., 
& Ahmad Khan, Z. (2013). Fiber morphological transition for 
extraordinary EFB pulp network: Effects of extended beating of EFB 
alkaline peroxide pulp. Journal of Industrial Research & Technology, 
3(1), 47–52 

Mossello, A. A., Harun, J., Md Tahir, F., Resalati, H., Ibrahim, R., Shamsi, S. R. 
F., & Mohamed, A. Z. (2010). A review of literatures related of using 
kenaf for pulp production (beating, fractionation, and recycled fiber). 
Journal of Modern Applied Science, 4(9), 21–29.  

Mou, H., Iamazaki, E., Zhan, H., Orblin, E., & Fardim, P. (2013). Advanced 
studies on the topochemistry of softwood fibres in low-consistency 
refining as analyzed by FE-SEM, XPS, and ToF-SIMS. BioResources, 
8(2), 2325-2336 

MPOB. (2017). Overview of The Malaysian Oil Palm Industry. Malaysian Palm 
Oil Board, i, 1–4. 

Mulyantara, L. T., Harsono, H., Maryana, R., Jin, G., Das, A. K., & Ohi, H. 
(2017). Properties of thermomechanical pulps derived from sugarcane 
bagasse and oil palm empty fruit bunches. Industrial Crops and 
Products, 98, 139–145.  

Nassar, M. A., & Shakankery, M. H. El. (2014). Improvement of paper 
properties of rice straw pulps by microcrystalline cellulose / calcium 
carbonate. International Research Journal of Pure & Applied 
Chemistry, 4(6), 871–879. 

Muryeti, Pratiwi, F. E., Yuniastuti, R. T., & Budimulyani, E. (2019). The effect of 
chitosan into paper properties in papermaking. Proceedings of the 5Th 
International Symposium on Applied Chemistry 2019, 
2175(November), 020058. 

Nassar, M. A., & Shakankery, M. H. El. (2014). Improvement of paper 
properties of rice straw pulps by microcrystalline cellulose / calcium 
carbonate. International Research Journal of Pure & Applied 
Chemistry, 4(6), 871–879. 

© C
OPYRIG

HT U
PM



63 
 

N Ng, F. Y., Yew, F. K., Basiron, Y., & Sundram, K. (2012). A renewable future 
driven with Malaysian palm oil-based green technology. Journal of Oil 
Palm, Environment and Health (JOPEH), 2. 

Ntsefong, G. N., Ngalle-Bille, H., Ajambang, W., Likeng-Li-Ngue, B. C., 
Kingsley, T.-M., Bell, J. M., & Youmbi, E. (2016). Brief review on the 
controversies around oil palm (Elaeis guineensis Jacq.) Production and 
palm oil consumption. International Journal of Regional Development, 
3(2), 60.  

Obahiagbon, F. I. (2012). A review: aspects of the African oil palm (Elaeis 
guineensis Jacq) and the implications of its bioactives in human 
health.Pdf. American Journal of Biochemistry and Molecular Biology.  

Okwonna, O. O., & Uyigue, L. (2013). Conversion of post-consumer (or waste) 
printers ’ paper grades into microcrystalline cellulose powder. Journal 
of Emerging Trends in Engineering and Applied Sciences, 4(1), 126–
132. 

Onuorah, E. O., Nwabanne, J. T., & Nnabuife, E. L. C. (2015). Pulp and paper 
making potentials of Elaeis guineensis (oil palm) grown in south east , 
Nigeria. World Journal of Engineering, 12(1), 1–12. 

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., & Simons, A. (2009). 
Agroforestree Database: a tree reference and selection guide. Version 
4. Agroforestree Database: a tree reference and selection guide. 
Version 4 

Osong, S. H., Norgren, S., & Engstrand, P. (2016). Processing of wood-based 
microfibrillated cellulose and nanofibrillated cellulose, and applications 
relating to papermaking: a review. Cellulose, 23(1), 93–123.  

Poletto, M., Ornaghi Júnior, H. L., & Zattera, A. J. (2014). Native cellulose: 
Structure, characterization and thermal properties. Materials, 7(9), 
6105–6119.  

Poletto, M., Pistor, V., Zeni, M., & Zattera, A. J. (2011). Crystalline properties 
and decomposition kinetics of cellulose fibers in wood pulp obtained by 
two pulping processes. Polymer Degradation and Stability, 96(4), 679–
685.  

Popescu, M., Popescu, C., Lisa, G., & Sakata, Y. (2011). Evaluation of 
morphological and chemical aspects of different wood species by 
spectroscopy and thermal methods. Journal of Molecular Structure, 
988(1–3), 65–72.  

Puitel, A. C., Marin, N., Puiu, P., & Gavrilescu, D. (2015). Lignocellulosic 
agricultural residues–a virgin fibre supply solution for paper-based 
packaging. Cellulose Chemistry and Technology, Romênia, 49, 633-
639. 

Rafidah, D., Ainun, Z. M. A., Hazwani, H. A., Rushdan, I., Luqman, C. A., 
Sharmiza, A., Paridah, M.T. and Jalaluddin, H., (2017). 
Characterisation of pulp and paper manufactured from oil palm empty 
fruit bunches and kenaf fibres. Pertanika Journal of Tropical 
Agricultural Science, 40(3), 449–457. 

Rahman, S., Petroudy, D., Syverud, K., Chinga-carrasco, G., Ghasemain, A., & 
Resalati, H. (2014). Effects of bagasse microfibrillated cellulose and 
cationic polyacrylamide on key properties of bagasse paper. 
Carbohydrate Polymers, 99, 311–318.  

Ramlee, N. A., Jawaid, M., Zainudin, E. S., & Yamani, S. A. K. (2019). 
Modification of oil palm empty fruit bunch and sugarcane bagasse 

© C
OPYRIG

HT U
PM



63 
 

biomass as potential reinforcement for composites panel and thermal 
insulation materials. Journal of Bionic Engineering, 16(1), 175–188.  

Ramli, R., Junadi, N., Beg, M. D., & Yunus, R. M. (2015). Microcrystalline 
cellulose (MCC) from oil palm empty fruit bunch (EFB) fiber via 
simultaneous ultrasonic and alkali treatment. Chemical, Molecular, 
Nuclear, Materials and Metallurgical Engineering, 9(1), 8-11. 

Risdianto, H., & Sugesty, S. (2015). Pretreatment of Marasmius sp. on 
biopulping of oil palm empty fruit bunches. Modern Applied Science, 
9(7), 1.  

Rodríguez, A., Sánchez, R., Eugenio, M. E., Yáñez, R., & Jiménez, L. (2010). 
Soda-anthraquinone pulping of residues from oil palm industry. 
Cellulose Chemistry and Technology, 44(7–8), 239–248. 

Rohaizu, R., & Wanrosli, W. D. (2017). Sono-assisted TEMPO oxidation of oil 
palm lignocellulosic biomass for isolation of nanocrystalline cellulose. 
Ultrasonics Sonochemistry, 34, 631–639.  

Daud, W. R. W., & Law, K. N. (2011). Oil palm fibers as papermaking material: 
Potentials and challenges. BioResources, 6(1), 901-917. 

Rosli, W., Daud, W. R. W., & Law, K. N. (2011b). Oil palm fibers as 
papermaking material: Potentials and challenges. BioResources, 6(1), 
901–917.  

Rushdan, I., Latifah, J., Hoi, W. K., & Mohd Nor, M. Y. (2007). Commercial-
scale production of soda pulp and medium paper from oil palm empty 
fruit bunches. Journal of Tropical Forest Science, 19(3), 121–126.  

Sable, I., Grinfelds, U., Vikele, L., Rozenberga, L., Zeps, M., Neimane, U., & 
Jansons, A. (2017). Effect of refining on the properties of fibres from 
young Scots (Pinus sylvestris) and Lodgepole pines (Pinus contorta). 
Baltic Forestry, 23(2), 529–533. 

Samyn, P., & Barhoum, A. (2018). Engineered nanomaterials for papermaking 
industry. Fundamentals of Nanoparticles. Elsevier Inc. 
https://doi.org/10.1016/b978-0-323-51255-8.00009-4 

Samyn, P., Barhoum, A., Öhlund, T., & Dufresne, A. (2018). Review: 
nanoparticles and nanostructured materials in papermaking. Journal of 
Materials Science, 53(1), 146–184.  

Sehaqui, H., Zhou, Q., & Berglund, L. A. (2013). Nanofibrillated cellulose for 
enhancement of strength in high-density paper structures. Nordic Pulp 
and Paper Research Journal, 28(2), 182–189.  

Sharma, A. K., Anupam, K., Swaroop, V., Lal, P. S., & Bist, V. (2015). Pilot 
scale soda-anthraquinone pulping of palm oil empty fruit bunches and 
elemental chlorine free bleaching of resulting pulp. Journal of Cleaner 
Production, 106(April 2014), 422–429.  

Shen, J., Song, Z., Qian, X., & Ni, Y. (2011). Carbohydrate-based fillers and 
pigments for papermaking: A review. Carbohydrate Polymers, 85(1), 
17–22.  

Sim, K., Youn, H. J., Oh, K. D., Lee, H. L., Han, C. S., Yeu, S. U., & Lee, Y. M. 
(2012). Fold cracking of coated paper: The effect of pulp fiber 
composition and beating. Nordic Pulp & Paper Research Journal, 
27(2), 445–450.  

Singh, P., Sulaiman, O., Hashim, R., Peng, L. C., & Singh, R. P. (2013). Using 
biomass residues from oil palm industry as a raw material for pulp and 
paper industry: Potential benefits and threat to the environment. 
Environment, Development and Sustainability, 15(2), 367–383.

© C
OPYRIG

HT U
PM



64 

Siró, I., & Plackett, D. (2010). Microfibrillated cellulose and new nanocomposite 
materials: A review. Cellulose, 17(3), 459–494.  

Fang, Z., Smith, R. L., & Tian, X. F. (Eds.). (2019). Production of Materials from 
Sustainable Biomass Resources (Vol. 9). Springer. 

Števulova, N., Hospodárova, V., & Eštoková, A. (2017). Study of Thermal 
analysis of selected cellulose fibres. GeoScience Engineering, 62(3), 
18–21.  

Subramaniam, R. (2008): Engineering fine paper by utilising thestructural 
elements of the raw materials. Doctoral dissertation. Helsinki university 
of Technology. TKK, Espoo, Finland.  

Syarifah, S. M., Mohd Kassim, A. S., Mohd Aripin, A., Ishak, N., Fadilat, A., & 
Adnan, S. (2019). Bio-mechanical pulping of bacteria pre-treatment on 
oil palm biomass for handsheet production. International Journal of 
Engineering and Technology, 8(1), 177–183.  

Taipale, T., Österberg, M., Nykänen, A., Ruokolainen, J., & Laine, J. (2010). 
Effect of microfibrillated cellulose and fines on the drainage of kraft 
pulp suspension and paper strength. Cellulose, 17(5), 1005–1020.  

Tajik, M., Torshizi, H. J., Resalati, H., & Hamzeh, Y. (2018). Effects of cationic 
starch in the presence of cellulose nanofibrils on structural, optical and 
strength properties of paper from soda bagasse pulp. Carbohydrate 
Polymers, 194(April), 1–8.  

Tanaka, R., Wan Rosli, W. D., Magara, K., Ikeda, T., & Hosoya, S. (2004). 
Chlorine-free bleaching of kraft pulp from oil palm empty fruit bunches. 
Japan Agricultural Research Quarterly: JARQ, 38(4), 275–279.  

Tarrés, Q., Delgado-Aguilar, M., Pèlach, M. A., González, I., Boufi, S., & Mutjé, 
P. (2016). Remarkable increase of paper strength by combining 
enzymatic cellulose nanofibers in bulk and TEMPO-oxidized nanofibers 
as coating. Cellulose, 23(6), 3939–3950. 

Trache, D., Hussin, M. H., Hui Chuin, C. T., Sabar, S., Fazita, M. R. N., Taiwo, 
O.F., Hassan, T.M. and Haafiz, M.M., (2016). Microcrystalline 
cellulose: Isolation, characterization and bio-composites application—A 
review. International Journal of Biological Macromolecules, 93, 789–
804.  

Verheye, W. (2010). Growth and production of oil palm. In Land use, land cover 
and soil sciences. UNESCO-EOLSS Publishers. 

 Wahi, R., Ngaini, Z., & Jok, V. (2009). Removal of mercury, lead and copper 
from aqueous solution by activated carbon of palm oil empty fruit 
bunch. World Applied Sciences Journal, 5, 84–91. 

Wang, X., Hu, J., & Zeng, J. (2012). Steam explosion pulping of oil palm empty 
fruit bunch fiber. BioResources, 7(1), 1008–1015. 

Xiang, L. Y., Mohammed, M. A., & Samsu Baharuddin, A. (2016). 
Characterisation of microcrystalline cellulose from oil palm fibres for 
food applications. Carbohydrate Polymers, 148, 11–20.  

Xu, F., Yu, J., Tesso, T., Dowell, F., & Wang, D. (2013). Qualitative and 
quantitative analysis of lignocellulosic biomass using infrared 
techniques: A mini-review. Applied Energy, 104, 801–809.  

Y. A. El-Shekeil, S. M. Sapuan, K. Abdan, and E. S. Zainudin. (2012) Influence 
of fiber content on the mechanical and thermal properties ofKenaffiber 
reinforced thermoplastic polyurethane composites. Materials & 
Design,40, 299–303. 

© C
OPYRIG

HT U
PM



65 
 

Yang, X., Berthold, F., & Berglund, L. A. (2018). Preserving cellulose structure: 
delignified wood fibers for paper structures of high strength and 
transparency. Biomacromolecules, 19(7), 3020–3029. 

Yuan, L., Wan, J., Ma, Y., Wang, Y., Huang, M., & Chen, Y. (2013). The 
content of different hydrogen bond models and crystal structure of 
eucalyptus fibers during beating. BioResources, 8(1), 717–734. 

Yunos, N. S. H. M., Baharuddin, A. S., Md Yunos, K. F., Hafid, H. S., Busu, Z., 
Mokhtar, M.N., Sulaiman, A. and Som, A.M., (2015). The 
physicochemical characteristics of residual oil and fibers from oil palm 
empty fruit bunches. BioResources, 10(1), 14–29. 

Zukeri, M. R. H. M., Ghazali, A., Wan Daud, W. R., Ibrahim, R., Ahmad, T., & 
Khan, Z. A. (2013). of extended beating of EFB alkaline peroxide pulp. 
Journal of Industrial Research & Technology, 3(1), 47–52.

© C
OPYRIG

HT U
PM


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



