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Abstract—The surface functionalized cellulose nanofibrils have 
found commodious applications in various fields such as bio-
nanocomposite, tissue engineering scaffolds and nanodevices owing 
to their excellent mechanical properties, sustainability and renewable 
nature. Therefore, the present study aspires towards fabrication of 
competent reinforcing nanofibrils from palm fibers, which have a 
greater surface area with respect to volume that leads to a superior 
interaction with matrix system of composite We have demonstrated 
an economically viable model for isolation of nanofibrils from palm 
fibres employing an inexpensive chemical pre-treatment via 
bleaching powder. The design involves chemi-mechanical techniques 
which comprises of alkali treatment, bleaching and ultrasonication 
and are favorable for the cellulose purification and nano fibrillation 
through delignification and defibrillation. The alkaline treatment of 
leaves of palm tree with caustic soda partially removed lignin, 
hemicellulose, wax and oil shielding the peripheral surface of the 
fibre cell wall and depolymerised the native cellulose. Mercerized 
fibre was then subjected to 3%, 5%, 7% and 10% of bleaching 
solution for eradication of the remnant lignin. The optimum 
concentration of bleaching powder was ascertained at 5% by highest 
intensity characteristic peak at 1010cm-1 in FTIR spectra which 
corresponds to pyranose ring skeletal vibration of cellulose. The 
structural and morphological characteristics of raw fibre, chemically 
treated fibre and isolated nanofibres were investigated through FE-
SEM, which revealed substantial reduction in diameter of palm fibre 
to 30nm by a greener method of ultrasonication for 60 min. These 
fibres find extensive applications as nanofillers in structural 
composites for automobiles and medical fields. 
 
Keywords: Paml fibers, cellulose nanofibers, chemical pretreatment, 
ultrasonication, delignification. 

1. INTRODUCTION  

In the recent years, there is a growing interest in the 
development of biodegradable and plant derived composite 
materials, referred to as “green” composites, because of strong 
global demand for creating a resource circulating society. 
Sustainability, industrial ecology, eco-efficiency, and green 
chemistry are the impetus for development of next generation 
materials, products, and processes [1]. The development of 
low-cost, sustainable, and renewable resources is critical to 
meet the growing environmental concerns and sky-high global 
energy demands [2]. 

In this regard, the application of renewable and biodegradable 
biomass fibers reinforced composite materials have been 
developed to get subsequent generation of sustainable and 
green materials in this field [3]. Cellulose being the world’s 
most abundant natural renewable biodegradable polymer is a 
classical example where the reinforcing elements exist as 
whisker-like microfibrils that are biosynthesized and deposited 
in a continuous manner [4]. Cellulose is a biodegradable, 
biocompatible, long chain polysaccharide with the formula 
(C6H10O5)n composed of several hundred to over ten thousand 
β(1→4) linked D-glucose units [5]. In nature, the cellulose 
chains are packed in an ordered manner to form compact 
nanocrystals (whiskers), which are stabilized by inter and 
intra-molecular hydrogen bonding [6]. In the cell wall 
structures of vegetable plants, cellulose nanocrystals 
(whiskers) are bonded together by amorphous hemicellulose 
segments to form micro/nanofibrils that constitute the 
individual cellulose fibres [7,8].  

Surface functionalised Nano Cellulose Fibrils (NCFs) can be 
used as reinforcement in nanocomposites which are generally 
defined as multiphase products wherein at least one phase has 
a dimension of 1–100 nm [9]. Composites with nano scale 
reinforcements have larger surface area and lower defects in 
reinforcing part compared to micro size reinforced composites 
[10,11]. Recently, many researchers have employed cellulosic 
fibers as a filler or reinforcement phase instead of synthetic 
fibers to keep our environment safe and also because of their 
biodegradability, lower weight, renewability, lower cost, 
higher stiffness and strength [12-15].  

Cellulose fibers can be fibrillated to micro/nanofibers 
employing mechanical as well as chemical techniques and 
contemporary research is targeting a combination of two to 
achieve optimised results. Mechanical treatments include 
refining and homogenizing, microfluidization, grinding, 
cryocrushing and high intensity ultrasonication [16-19]. Other 
treatments are chemical treatment of acid hydrolysis, 
biological treatment of enzyme-assisted hydrolysis, steam 
explosion, TEMPO-mediated oxidation and electrospinning. 
All these methods lead to cellulose nanostructures with 
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different morphologies and crystallinities, depending on the 
cellulose raw material, its pretreatment and more importantly, 
on the disintegration process itself [20-24]. Recently, High 
intensity ultrasonication (HIUS) has emerged as a greener 
method to isolate cellulose nanofibers wherein oscillating 
power is used to isolate cellulose fibrils by hydrodynamic 
forces of ultrasound [25]. During the process, cavitation leads 
to a powerful mechanical oscillating power and therefore, high 
intensive waves, which consists of formation, expansion, and 
implosion of microscopic gas bubbles when molecules absorb 
ultrasonic energy [26]. 

In the present study, an effort has been made to extract 
cellulose nanofibrils from palm fibers which is one of the 
copious natural source of cellulose implementing novel 
techniques. Currently, we have demonstrated an economically 
viable model for the isolation of nanofibre from palm fibre 
employing inexpensive chemical pretreatment followed by a 
green defibrillation process. The technique involves alkali 
treatment, bleaching with domestically available bleaching 
powder and finally ultrasonication. Alkali treatment is 
responsible for depolymerisation of cellulose structure and 
bleaching process renders delignification of the raw fibre. In 
our work the isolation of nanocellulose has been undertaken 
via facile and non-toxic method of ultrasonication which is 
profoundly effective in retaining the crystalline regions of pure 
cellulose compared to commonly used acid-hydrolysis 
technique. Concurrently, the presented technique of 
ultrasonication avoids costly setup of HIUS equipment and 
employs conventional and versatile Vibracell ultrasonicator 
making the process effortless as well as cost effective.  

2. RAW MATERIALS 

The palm fibers (PFs) as raw material for the experiment were 
obtained from Palm trees within the institute. The material was 
air dried in sunlight for 48 hrs initially and subsequently dried 
in oven for 24 hrs at 400C to get rid of any moisture. HCOOH 
and NaOH pellets (for making 5 wt% NaOH solution in de-
ionized water) were obtained from Merck (India). De-ionized 
water was used for all the experiments and was obtained from 
a Millipore Milli-Q system. The commercially available 
bleaching powder has been used as bleaching agent.  

3. EXPERIMENTAL WORK  

Fig. 1 shows the extraction process of micro/nano sized palm 
fibrils from raw palm. Raw PFs were extracted from rachis of 
Palm tree which was followed by washing with DI water and 
oven drying process. In alkali treatment or mercerization, 
fibers were immersed in 5% NaOH solution for 24 hrs at room 
temperature followed by heating at 600C for 5 hrs and washing 
with deionised water recurrently until neutral pH was 
obtained. For bleaching mercerised fibers were then immersed 
in 3%, 5%, 7% and 10% bleaching solution. Formic acid was 
added drop by drop to achieve a pH of 3-4 and solution was 

heated on a magnetic stirrer for 4 hrs at 600C followed by 
washhing with deionised water. Chemically treated fibers were 
then soaked in distilled water (concentration: ~0.5% in mass) 
and ultrasonicated using Vibracell ultrasonicator (Model VCX 
750) for time intervals of 20, 40 and 60 min each. The 
ultrasonic treatment was carried out in an ice/water bath and 
energy consumption was monitored which is illustrated in 
table 1. Post ultrasonication the suspension was centrifuged at 
12000 rpm in a high speed centrifuge (Model REMI CPR-30 
Plus).  

Table 1: Parameters of ultrasonication process  

 

 

Fig. 1: Procedure for individualizing cellulose  
nanofibers from PFs 

4. CHARACTERISATION 

In order to analyse morphology of the suspension of palm 
nanofibrils, FESEM imaging (Carl Zeiss) was performed on 
sample prepared by drop casting. The samples were sputtered 
using Au–Pd for 75 seconds in 10 mA under the pressure of 
0.6 x 10-2 Pa and analysed under the microscope at 5 kV.  

Functional groups and fingerprints for the chemical 
modification of PFs were identified using FT-IR spectroscopy. 
The FT-IR spectra were recorded between 500 and 4000 cm-1 
using KBr pellets at room temperature on a PerkinElmer 
Spectrum BX FTIR system.  
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5. RESULTS AND DISCUSSION 

5.1 FESEM analysis 

Fig. 2 shows the microscopic images of raw, bleached and 
ultrasonicated PFs. Each raw PFs Fig. 2(a) fibre is composed 
of several microfibrils with diameters in the range of 10-15 
µm. Each elementary fibre shows a compact structure 
exhibiting alignment in the fibre axis direction with non-
fibrous components on the fibre surface [27]. The fine 
structure of cellulose materials is composed of crystalline and 
amorphous regions. The amorphous regions easily absorb 
chemicals such as dyes and resins, whereas the compactness 
of the crystalline regions makes it difficult for chemical 
penetration. The percentage of crystalline cellulose increases 
when treated with NaOH [28]. Hemicellulose, lignin, pectin 
and wax which act as cementing materials were eliminated 
post alkali treatment and bleaching which was also confirmed 
by FTIR results [29]. The chemical treatments also lead to 
defibrillation and depolymerisation of raw PFs. The fiber dia 
was reduced to 5-15 µm. Fiber diameter was again reduced 
during mechanical treatment of ultrasonication and finally 
pure cellulose fibre with average diameter of 30 nm was 
obtained [2]. 

 

 

  

Fig. 2: FESEM micrographs of (a) raw PFs  
(b) bleached PFs (c) nano fibers 

Fig 3 shows the FESEM images of NFCs, generated by 
ultrasonication of bleached PFs for 60 min duration. These 
images pertain to nanofibrils suspension in distilled water 
obtained by high speed centrifuging (12000 rpm) post 
ultrasonication. High speed centrifugation separates the 
nanofiobres from microfibers resulting in nanofiber 
suspension in supernatant and mixture of micro and nanofibers 
in the residue of centrifuge. In ultrasonication, defibrillation 
occurs due to effect of acoustic cavitation of high frequency 
(20 kHz) ultrasound. The sonification impact can break the 
relatively weak interfaces among the nanofibers, which are 
bonded to each other mainly by nonbonding interactions such 
as the van der Waals forces [30]. The slurry obtained after the 
sonication exhibited a remarkably high viscosity. It suggested 
that the synthesis of homogeneous dispersion of hydrophilic 
cellulose nano fibrils in water from natural fibres has been 
accomplished [31]. 

The results reveal that the ultrasonication time strongly affects 
the defibrillation of nanofibres from microfibers as 20 min and 
40 min of sonication were insufficient for nanofiber 
individualization.  
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