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Abstract 

Cellulose derived from oil palm empty fruit bunch (OPEFB) is an alternative low cost of absorbent. 

Cellulose possesses significant functional hydroxyl groups which available for modification. Alkaline 

pre-treatment and bleaching process was done to produce high purity of cellulose fiber (Cell-OPEFB). 

The functional groups and crystallinity in Cell-OPEFB was identified by Fourier Transformation Infrared 

Spectroscopy (FTIR) and X-Ray Powder Diffractometer (XRD) respectively. The topological properties 

were examined by Field-Emission Scanning Electron Microscopy (FESEM), while the elemental 

composition was analyzed by Energy Dispersion X-Ray Spectroscopy (EDX). The thermal composition 

was determined by TG/DTG. FTIR spectrum represented the characteristic peaks of cellulose at 

approximately 3450 cm-1, 2900 cm-1, and 1060 cm-1 associated with O–H, C–H and C–O stretching, 

respectively. The XRD result showed type 1 cellulose with main peaks at 2θ =15º-16º and 2θ = 21º-22º 

which represent (110) and (200), respectively. FESEM morphology shows that the surface of Cell-

OPEFB appeared as a separate fibril with a smooth surface while EDX analysis results presented that 

fundamental of Cell-OPEFB was element C followed by element O. TGA analysis showing thermal 

stability for Cell-OPEFB achieved at 350oC. 
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1. Introduction 

Cellulose is a durable and strong natural materials [1]. Cellulose properties consisting of fibrous 

polymers, resistant and tough to dissolve in water bring it as an important character in maintaining the 

structure of plant cell walls. Besides, cellulose is also used as an alternative to nondegradable fossil 

fuel-based polymers because it is a natural polymer which is biodegradable, biocompatible, and 

renewable properties [2]–[6].  

Cellulose is formed by condensation process, and the structure of cellulose (Figure 1) is contains 

of monomers joined together through the glycosidic oxygen bridges [2]. Cellulose with a molecular 

formula (C6H10O5)n, is consists of β-1,4-linked glucopyranose units that constitute a linear homopolymer 

with high–molecular-weight, and the position of every unit monomer is exactly at 180° to its neighbours 

[2], [7]. Available natural polymers on the earth mostly are the cellulose [1], [2], [4], [6], [8]–[11] which 

is appear in various types of plants, and play as important base for the formation of cell wall. Mostly, 

cellulose can be obtained from plant-based substances such as grasses, water plants and agricultural 

residue [3], [12]. 

Cellulose is commonly classified into four crystal categories that is cellulose I, cellulose II, cellulose 

III and cellulose IV [7], [13]. According to literature, natural cellulose is classified as cellulose I and 

mostly extracted from plant, wood, cotton, and straw. Cellulose II is the cellulose that has been 

regenerated from natural cellulose through alkaline treatment and recrystallization with anti-parallel 

aligned chains. Regenerated cellulose has lower molecular weight, polymerization degree and 

crystallinity compared to natural cellulose; besides the entanglement is also less. On the other hand, 

cellulose I or cellulose which has been treated by using ammonia liquid will produce another type of 
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cellulose which is III1 or III2 and both products are classified as cellulose III. Lastly, cellulose IV is the 

cellulose that is generated from III1 or III2 through heating with glycerol to gain IV1 or IV2 [7]. 

 

 
Figure 1. Chemical structure of cellulose 

 
Cellulose is a natural polysaccharide which abundantly available in the earth [1], [3], [12]. A lot of 

researchers have derived cellulose from various fibers and plants, such as banana yarns, wood, potato 

peel waste, coconut husk fibers, oil palm empty fruit bunch, mengkuang leaves and kenaf fiber [12].  

Other than plants, cellulose is also appear in a most kind of living species; for example in fungi, algae, 

bacteria, and part of sea animals such as tunicates [1], [2].  

One of the known sources of cellulose is from oil palm empty fruit bunch (OPEFB). Asian country 

becomes the most country that produce palm oil production which cover more than 85% of world palm 

oil with Malaysia is the second largest country after Indonesia [11]. Malaysia has produced more than 

39% of global palm oil production and 44% of global palm oil export to promote the local economic 

circumstances. About 150 kg of fresh fruit bunch (FFB) was produce per year for each plant and the 

weight of FFB is around 10-40 kg, depending on the number of fruits that are still intact in the bunch [9].  

However, there is a problem that the industry has not yet overcome which is the solid and liquid 

waste management. The major contributor to the organic solid and liquid waste in Malaysia was from 

palm oil industry [12]. More than 70% of waste can be produced during harvested palm oil process [11]. 

Among the problems that occur including the formation of waste from empty fruit bunch, fresh fruit 

bunch, palm fronds, oil palm trunks, along with palm oil mill sludge, palm oil mill effluent and emission 

of CO2. From the total amount of waste presented, OPEFB waste contribute 9% from the total waste.  

Cellulose extracted OPEFB fiber has attracted growing interest because of their unique 

characteristics, including low cost, lower density, high specific strength, good thermal properties, and 

biodegradable. Malaysia is currently accounts for 39% of world palm oil production and 44% of world 

exports, hence large quantity of the biomass is generated. Furthermore, it has the highest composition 

of cellulose compared to coir, corn, bagasse, and kenaf fiber.  

OPEFB was generated during extraction of palm oil from FFB [14], [15].  During palm oil processes, 

it will generate a total of 77.2 million tonnes of biomass in wet and dry basis, where 19.8 million tonnes 

on wet basis while 6.93 million tonnes on a dry basis, which is OPEFB. This makes OPEFB the highest 

wastes from palm oil industries [14]. Researcher have reported that OPEFB waste contains 40-65% 

cellulose, 15-25% hemicellulose and 12-20% lignin composite which can be utilized further to multiple 

application in different types of field [16], [3], [15], [17].  Since the high value in cellulose which been 

extracted from OPEFB and plenty sources in Malaysia, therefore the extraction of cellulose from OPEFB 

are very interesting to be examined and developed. 

Cellulose extraction method can be various, such as sulfuric acid hydrolysis, grinding, TEMPO-

mediated oxidation, cryocrushing and enzyme-assisted hydrolysis [12]. The most effective way to get a 

higher purity of cellulose is by chemical treatment. Many researchers had use alkaline treatment 

methods then followed by chlorite bleaching to extract cellulose  from plants [12]. Alkaline treatment is 

used to dissolve the lignin layer and the excess pectin and hemicellulose [12], [15]. Study conducted 

by researchers found that alkaline treatment is only capable of eliminating part of hemicellulose and 

lignin. Further chemical treatment is required to obtain higher content of α-cellulose which is through 

the bleaching process [12]. Chlorite bleaching serves to extract holocellulose from raw cellulose fiber. 

This process helps the removal of most of the lignin contained in the fibers, which bring to defibrillation 

[12]. 
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2. Methodology 

2.1. Materials  
Raw OPEFB used in this study was obtained from Tai Tak Palm Oil Mill, Kota Tinggi, Johor, Malaysia. 
Sodium hydroxide and ethanol were purchased from Merck, while toluene was purchased from J.T. 
Baker. Next, sodium chlorite was purchased from Acros Organics and acetic acid was purchased form 
QReQ. Lastly, palmitoyl chloride was purchase from Sigma-Aldrich and stearic acid was purchased 
from ChemPur®.  

 
2.2.  Preparation of OPEFB  
Pre-treatment and bleaching process is needed to produce high purity of cellulose fiber. This process 
will remove hemicellulos, lignin and other extractives such as waxes and ashes. Raw OPEFB obtained 
was washed with 1% dish detergent to remove any impurities and visible dirt (mud, sand etc.) adhering 
on the surface. Next OPEFB waste was washed with tap water until dark brown water turned to 
colourless. Then it was dried in the sun for several days until it has parched. Next, the dried sample 
were cut into small pieces by using grinder. The OPEFB fine fibers was immersed with distilled water 
to eliminate dust, forming a sludge mixture. The sludge then was filtered out with filter paper to remove 
excess water. The process was repeated for three times and the remaining OPEFB fiber was dried 
overnight at 353K. Dried OPEFB fiber were kept for cellulose extraction at further step. 
 
2.3. Preparation of Cell-OPEFB 
2.3.1 Alkaline treatment 
Firstly, OPEFB fiber was immersed in toluene-ethanol mixture with ratio of 2:1 and was continuously 
stirred for 6 hours. Then, the OPEFB sludge was separated from the toluene-ethanol mixture by using 
filtration and the remaining sample was dried overnight at 353 K. Next, OPEFB fiber was digested with 
0.1 M sodium hydroxide (NaOH) solution with continuously stirred for 4 hours at temperature 353 K. 
The alkali treatment promotes the removal of hemicellulose, lignin, waxes, and pectin and produces 
rough surface topography [15], [18], [19]. Lignin is the most difficult component of biomass to be 
degraded due to its complex structure, high molecular weight, and high insolubility. Lignin is linked by 
carbon–carbon and ether bonds to form tri-dimensional network associated with the hemicelluloses 
polysaccharides inside the cell wall [19]. In addition, alkali treatment leads to breakdown of the fiber 
bundles into smaller fibers, reduces fiber diameter, and increases aspect ratio [18]. This increases the 
effective surface available for wetting by the matrix material. Alkali-sensitive hydrogen bonds existing 
among the fibers break down, and new reactive hydrogen bonds form between the cellulose molecular 
chains. Due to this, hydrophilic hydroxyl groups were partially removed, and moisture resistance 
property was improved. Then, OPEFB sample was washed with distilled water until it reached neutral 
pH to ensure NaOH residue was fully removed from the sample. 

 
2.3.2  Bleaching process 
OPEFB fiber was go through a bleaching process using a mixture of sodium chlorite (NaClO2) and 
acetic acid (CH3COOH) with ratio of 1.3:10 (v/v), stirred for 4 hours at 353K. Chlorite bleaching has the 
function of extracting holocellulose from raw cellulose fiber and helps to remove most of the lignin 
present in the fibers, which leads to defibrillation Next, the fiber was washed sufficiently with 0.1 M 
NaOH followed by distilled water until the pH of the fiber became neutral. Subsequent alkali treatment 
process was benefit to removes additional hemicellulose from the treated fiber [12] while washed well 
with distilled water to eliminate remaining chemicals [18]. Treated fiber was dried overnight at 323 K 
and the resulting product is known as Cell-OPEFB. 
 
2.5.  Characterization of Cell-OPEFB  
2.5.1 Fourier Transform Infrared (FTIR) Spectroscopy 
Determination of chemical structure of Cell-OPEFB were performed by using Perkin Elmer FTIR 
Spectrometer. Analysis performed at a resolution of 8cm-1 with accumulation of 5 scans in the mid IR 
region between 400-4000 cm-1. Cell-OPEFB were mixed homogeneously with KBr powder. The ratio 
between sample and KBr is 1 mg sample/100 mg KBr approximately. The finely ground mixture then 
was being pressed under 8 tons pressure for 5-10 seconds to produce about 1 cm2 transparent disk. 
FTIR spectrum was generated in line with to the vibration to which the samples were exposed, and their 
% transmittance intensity were plotted against the wavelength of light (cm-1).  
 
2.5.2 X-Ray Diffraction (XRD) 
The XRD (X-ray diffraction) (Rigaku SmartLab Diffractometer) was used to check the crystal structure 
of the samples. Analysis was using Cu-Kα radiation with λ=1.5418Å at 40 kV and 30 mA in the range 
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of 2θ = 3 - 90o. The crystallinity index (Ic) was determined using Segal empirical method [3], [20] which 
can be expressed as equation Ic (%) = (I002 – IAM)/IAM x 100; where, I002 represents both crystalline and 
amorphous materials while IAM represents the amorphous material.  
 
2.5.3 Field Emission Scanning Microscopy (FESEM) 
Field-Emission Scanning Microscopy (FESEM) model Hitachi SU8020 was used to observe the surface 
morphology features and elemental distribution of the samples. Sample was mounted on a double-
sided carbon tape or an aluminium or copper stub. The sample is sputter coating with carbon vapor and 
finally with gold. The replica of the sample is taken on a copper grid and examined under electron 
microscope with suitable magnification. SEM micrographs reveal surface modification, fractured 
surfaces, cross-sectional area of the fibers, arrangement of the fibrils, adherence of minerals (silicon, 
potassium, calcium, magnesium, aluminium), porosity, fiber compactness, etc. 

 
2.5.4 Energy dispersive X-ray (EDX) 
Energy dispersive X-ray (EDX) Oxford Instrument model Xman-N was used to observe the elemental 
distribution of the sample. EDX data were gained using a micro-analytical unit that able to detect the 
minor different in identifying element content.  An accelerating voltage of 20kV was apply with a scan 
time of 60s per sampling area were performed during the analysis. EDX analysis area is related directly 
to the FESEM morphological examination at 12.0k magnification and at least three areas were analysed 
for the given depth of each sample.  
 
2.5.5 Thermogravimetric analysis (TGA)  
TGA instrument (model TGA Q500 V20.13 Build 39) was used to determine the thermal stability of the 
samples. Around 4-6 mg sample was used during the measurement. All measurements were performed 
under a nitrogen atmosphere with a gas flow of 10 mL min−1 by heating the material from room 
temperature to 700◦C at a heating rate of 10◦C min−1. During the pyrolysis process, the system will 
automatically collect data. 
 
3. Results and Discussion 

3.1. FTIR Analysis 
FTIR spectrum for Cell-OPEFB was shown in Figure 2. The spectrum represented the characteristic 
peaks of cellulose at approximately 3450 cm−1, 2900 cm−1, and 1060 cm−1 associated with O–H, C–H 
and C–O stretching, respectively. Elsewhere, peaks as around 1430 cm-1, 1370 cm-1 and 1330 cm-1 
also present, which are associated with the bending vibrations of –CH2, C-H, and C-O respectively [6], 
[11], [12], [21]. The peaks observed at 895 cm-1 and 1060 cm-1 are attributed to the C-H rocking 
vibrations and the C-O stretching of the carbohydrates, respectively [12]. C-H vibration peak was 
observed at around 2900 cm-1 and [16], [17], [21], [22] and a relatively narrow band at around 3400 cm-

1 which attributed to OH of cellulose [21]. 
 

4000 3500 3000 2500 2000 1500 1000 500
30

35

40

45

50

55

60

65

70

T
ra

n
sm

itt
a
n

ce
 (

%
 T

)

Wavenumber (cm -1)

 Cell-OPEFB

 
Figure 2. FTIR Spectrum of Cell-OPEFB. 
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3.2  XRD Analysis    
Figure 3 illustrates the XRD pattern of cell-OPEFB. Two main peaks were observed from the XRD 
patterns, i.e., 2θ = 15 to 16° and 2θ = 21 to 22°, representing (110) and (200), respectively.  The main 
peaks for the Cell-OPEFB occur around 16° and 22° 2θ, which represents the characteristic peaks of 
cellulose type I  [12], [20], [23]–[25]. These intensity peaks at (110) and (200) correspond to the 
amorphous and crystalline peaks of cellulose, respectively. Similar result has been reported by previous 
researchers, Voronova et al. (2012), which been exhibit higher intensities at position (200) than at 
position (110), due to cellulose particles possess high surface energy and easier forming aggregates. 
The diffraction peak intensity of Cell-OPEFB was higher at 21-22°, which is may due to the removal of 
amorphous region in cellulose [26]. The increase of the peak intensity at 2θ = 22° signifies the 
transformation of the nature of the material from amorphous to crystalline [3]. From the analysis result, 
the crystallinity index shown by Cell-OPEFB was 75.51%.  
 

 
Figure 3. XRD diffractogram of Cell-OPEFB 

 
3.3  FESEM and EDX Analyses 
The surface morphologies of extracted cellulose with different magnification is presented in Figure 4.  
The surface of Cell-OPEFB appeared smooth [5], [15], [27]. The Cell-OPEFB sample demonstrate the 
fibril was isolated and separately from each other, signifying the removal of wax, hemicellulose and 
lignin was completed [28]. The outer surface shows a mixture of smooth surfaces along with scars, 
most likely due to the elimination of inorganic particles for instance silica and metal components. This 
was supported by EDX spectra (Figure 5) which showed an abundant of carbon (69.1%) and oxygen 
(30.3%) as the largest element in the sample [28].  
 
 

     
 

Figure 4. FESEM images (a) and (b) of Cell-OPEFB at different magnification. 
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Figure 5. EDX result of Cell-OPEFB 
 
3.4  TGA Analysis 
Figure 6 shows the thermal degradation graph for Cell-OPEFB sample. Overall, three-step process 
were taking place during the process. The first step showing the water losses from the sample. From 
the figure, thermal decomposition for Cell-OPEFB was started at temperature 250 ºC before turning out 
to be stable at 350 oC [28]. At this stage, the samples quality had undergone thermal decomposition 
which is most of the quality loosed during for this stage. The weight loss of recorded for Cell-OPEFB 
was 80 wt%. The observation found that there almost no water quality loss occurred before the sample 
began thermal decomposition showing that cellulose didn’t absorb water easily [27]. Finally at the last 
phase, the decomposition of Cell-OPEFB will become slowly and the sample will start to carbonize and 
finally the sample was destroyed. [28] 
 
 
 

 
Figure 6. TGA curve of Cell-OPEFB 

 
 
 
Conclusion 

The study shows that nature cellulose (Cell-OPEFB) was successfully extracted from oil palm empty 
fruit bunch by using esterification method. High purity of cellulose was obtained through chemical pre-
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treatment using alkaline treatment and bleaching with sodium chlorite to remove non-cellulosic 
substances in natural fibres. Cell-OPEFB shaped basic crystalline structure of cellulose after confirmed 
by FTIR and XRD analysis while the crystal structure of Cell-OPEFB belonged to type I cellulose was 
proven by the XRD analysis results. TGA analysis showing thermal stability for Cell-OPEFB achieved 
at 350oC whereas FESEM observations show that extracted cellulose morphology appears as a 
separate fibril with a smooth surface. 
 

Acknowledgement 

This work was supported by the Fundamental Research Grant Scheme (FRGS) granted by the Ministry 

of Higher Education (MoHE) of Malaysia, grant number 5F234 and Universiti Teknologi Malaysia 

through the Research University Grant 17J13.  

 

References 

[1] T. Sakamoto, Y. Sakamoto, and S. Matsunaga, “Cell division and cell growth,” in Molecular Cell 
Biology of the Growth and Differentiation of Plant Cells, 2017, pp. 86–98. 

[2] J. George and S. Sabapathi, “Cellulose nanocrystals : synthesis , functional properties , and 
applications,” Nanotechnol. Sci. Appl., pp. 45–54, 2015. 

[3] Y. Haan, S. Norashiqin, and K. Chun, “Sustainable approach to the synthesis of cellulose 
membrane from oil palm empty fruit bunch for dye wastewater treatment,” J. Water Process 
Eng., vol. 34, no. February, p. 101182, 2020, doi: 10.1016/j.jwpe.2020.101182. 

[4] S. Nie, Q. Fu, X. Lin, C. Zhang, Y. Lu, and S. Wang, “Enhanced performance of a cellulose 
nanofibrils-based triboelectric nanogenerator by tuning the surface polarizability and 
hydrophobicity,” Chem. Eng. J., vol. 404, no. June 2020, p. 126512, 2021, doi: 
10.1016/j.cej.2020.126512. 

[5] A. Adewuyi and F. V. Pereira, “Surface modification of cellulose isolated from Sesamun indicum 
underutilized seed: A means of enhancing cellulose hydrophobicity,” J. Sci. Adv. Mater. Devices, 
vol. 2, no. 3, pp. 326–332, 2017, doi: 10.1016/j.jsamd.2017.07.007. 

[6] N. Afizah, I. Ahmad, I. Abdullah, F. Hannan, and F. Mohamed, “Hydrophobic modification of 
cellulose isolated from Agave angustifolia fibre by graft copolymerisation using methyl 
methacrylate,” Carbohydr. Polym., vol. 125, pp. 69–75, 2015, doi: 
10.1016/j.carbpol.2015.03.002. 

[7] Y. Dong, H. Zhang, G. Zhong, G. Yao, and B. Lai, “Cellulose / carbon Composites and their 
Applications in Water Treatment-a Review,” Chem. Eng. J., p. 126980, 2020, doi: 
10.1016/j.cej.2020.126980. 

[8] M. P. Luca Lavagna, Roberto Nistico, Simone Musso, “Hydrophobic cellulose ester as a 
sustainable material for simple and efficient water purification processes from fatty oils 
contamination,” Wood Sci. Technol., vol. 53, no. 2018, pp. 249–261, 2019. 

[9] B. Sun et al., “Waste-cellulose-derived porous carbon adsorbents for methyl orange removal,” 
Chem. Eng. J., vol. 371, no. April, pp. 55–63, 2019. 

[10] S. S. L. Sobhana, X. Zhang, L. Kesavan, P. Liias, and P. Fardim, “Layered double hydroxide 
interfaced stearic acid – Cellulose fibres : A new class of super-hydrophobic hybrid materials,” 
Colloids Surfaces A Physicochem. Eng. Asp., vol. 522, pp. 416–424, 2017, doi: 
10.1016/j.colsurfa.2017.03.025. 

[11] T. Gabriel, A. Belete, F. Syrowatka, R. H. H. Neubert, and T. Gebre-mariam, “Extraction and 
characterization of celluloses from various plant byproducts,” Int. J. Biol. Macromol., vol. 158, 
pp. 1248–1258, 2020, doi: 10.1016/j.ijbiomac.2020.04.264. 

[12] Y. C. Ching and T. S. Ng, “Effect of Preparation Conditions on Cellulose from Oil Palm Empty 
Fruit Bunch Fiber,” Bioresources.com, vol. 9, no. 4, pp. 6373–6385, 2014. 

[13] X. Shi, Z. Ding, C. Wang, S. Song, and X. Zhou, “Effect of different cellulose polymers on the 
crystal growth of celecoxib polymorphs,” J. Cryst. Growth, vol. 539, no. April, pp. 1–9, 2020, doi: 
10.1016/j.jcrysgro.2020.125638. 

[14] S. Daneshfozoun, M. A. Abdullah, and B. Abdullah, “Preparation and characterization of 
magnetic biosorbent based on oil palm empty fruit bunch fibers , cellulose and Ceiba pentandra 
for heavy metal ions removal,” Ind. Crop. Prod., vol. 105, no. May, pp. 93–103, 2017, doi: 
10.1016/j.indcrop.2017.05.011. 

[15] M. Johan, I. Zahari, N. Mohd, and N. Hanisah, “Enhanced Performance of Cellulose from Palm 
Oil Empty Fruit Bunch (EFB) via Acetylation and Silylation,” no. July, 2018, doi: 
10.20944/preprints201807.0314.v1. 

[16] R. Sun, J. M. Fang, L. Mott, and J. Bolton, “Extraction and Characterization of Hemicelluloses 



Salleh and Salamun (2022) Proc. Sci. Math. 14:73-80 

80 80 

and Cellulose from Oil Palm Trunk and Empty Fruit Bunch Fibres,” J. Wood Chem. Technol., 
no. May 2015, pp. 37–41, 2015, doi: 10.1080/02773819909349606. 

[17] A. Amanda, A. Rifathin, A. Arum, and Y. Sampora, “Oil palm empty fruit bunch-based 
nanocellulose as a super-adsorbent for water remediation,” Carbohydr. Polym., vol. 229, no. 
October 2019, p. 115433, 2020, doi: 10.1016/j.carbpol.2019.115433. 

[18] J. P. Patel and P. H. Parsania, Characterization, testing, and reinforcing materials of 
biodegradable composites. Elsevier Ltd, 2017. 

[19] M. Misson, R. Haron, M. Fadhzir, A. Kamaroddin, N. Aishah, and S. Amin, “Pretreatment of 
empty palm fruit bunch for production of chemicals via catalytic pyrolysis,” Bioresour. Technol., 
vol. 100, no. 11, pp. 2867–2873, 2009, doi: 10.1016/j.biortech.2008.12.060. 

[20] A. Adewuyi and F. Vargas, “Surface modification of cellulose isolated from Sesamun indicum 
underutilized seed : A means of enhancing cellulose hydrophobicity,” J. Sci. Adv. Mater. 
Devices, vol. 2, no. 3, pp. 326–332, 2017, doi: 10.1016/j.jsamd.2017.07.007. 

[21] M. Asri, A. Sisak, R. Daik, and S. Ramli, “Characterization of Cellulose Extracted from Oil Palm 
Empty Fruit Bunch,” vol. 050016, 2015, doi: 10.1063/1.4931295. 

[22] D. Y. H. Astati, E. H. Ambali, K. S. Yamsu, and E. W. Arsiki, “Preparation and Characterization 
of Nanocelluloses from Oil Palm Empty Fruit Bunch Cellulose,” J. Japan Inst. Energy, vol. 98, 
no. 2018, pp. 194–201, 2019. 

[23] Q. Chen, J. Xiong, G. Chen, and T. Tan, “Preparation and characterization of highly transparent 
hydrophobic nanocellulose film using corn husks as main material,” Int. J. Biol. Macromol., vol. 
158, pp. 781–789, 2020, doi: 10.1016/j.ijbiomac.2020.04.250. 

[24] A. D. French, “Idealized powder diffraction patterns for cellulose polymorphs,” Cellulose, vol. 21, 
no. 2, pp. 885–896, 2014, doi: 10.1007/s10570-013-0030-4. 

[25] J. Lu et al., “Evalution of surface activity of hydrophobic modified nanocrystalline cellulose,” 
Cellulose, vol. 27, no. 16, pp. 9299–9309, 2020, doi: 10.1007/s10570-020-03415-z. 

[26] Q. Chen, Y. Shi, G. Chen, and M. Cai, “Enhanced mechanical and hydrophobic properties of 
composite cassava starch films with stearic acid modified MCC ( microcrystalline cellulose )/ 
NCC ( nanocellulose ) as strength agent,” Int. J. Biol. Macromol., vol. 142, pp. 846–854, 2020, 
doi: 10.1016/j.ijbiomac.2019.10.024. 

[27] Q. Chen, Y. Shi, G. Chen, and M. Cai, “Enhanced mechanical and hydrophobic properties of 
composite cassava starch films with stearic acid modified MCC (microcrystalline cellulose)/NCC 
(nanocellulose) as strength agent,” Int. J. Biol. Macromol., vol. 142, no. xxxx, pp. 846–854, 2020, 
doi: 10.1016/j.ijbiomac.2019.10.024. 

[28] M. A. A. Muhammad Shahid Nazir, Bambang Ari Wahjoedi, Abdul Wahid Yussof, “Eco-Friendly 
Extraction and Characterization of Cellulose from Oil Palm Empty Fruit Bunches,” 
Bioresources.com, vol. 8, no. 2, pp. 2161–2172, 2013. 

 

 

 

 

 

 

  


