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ABstRAct: Natural fibres were extracted from plantain (Musa paradisiaca) pseudostem 
and modified using high-frequency microwave irradiation under different conditions in 
terms of power and time. First, the mechanical and morphology of treated and untreated 
fibre were investigated. Mechanical (tensile) properties test results reveal that microwave 
radiation at 550 W power was able to improve the tensile strength and modulus of the 
fibre. Scanning electron microscope (SEM) analysis shows surface roughness of the fibre 
has increased and uniform surface roughness was achieved. However, higher power 
and time of microwave irradiation causes a decrease in the mechanical properties the 
fibre as SEM image reveals the serious damaging effect on the surface of the fibre, due 
to degradation and rupturing of fibre cells by the exposure of inner central lumen of the 
fibre. In the second part, fibre-polymer biocomposite was fabricated using epoxy as the 
polymer matrix. Tensile and flexural test results reveal an increase in strength at optimised 
microwave power and time. A decrease in mechanical properties was observed at prolong 
and higher power radiation. Water absorption of fibre-polymer biocomposite was found 
to decrease after treatment at lower irradiation, interfacial adhesion of fibre-matrix was 
shown to increase with surface modification as reveals by SEM micrograph.
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1. INtRODUctION

Natural fibre reinforced composites consist of naturally occurring plant fibre as 
reinforcement and thermoplastic or thermosetting polymers as the matrix. The 
resulting fibre polymer composite is not only renewable, less abrasive, recyclable 
but have nonabrasive properties, high specific strength and stiffness.1–3 Over the 
years, different natural occurring fibres such as hemp, jute, flax, kenaf, coconuts and 
banana fibre have been studied and used as reinforcement for plant fibre composites 
production with thermoplastic and thermosetting polymers as matrices.4–13

The major disadvantages of using natural fibre in a fibre polymer composite in 
comparison with synthetic fibres are high moisture absorption, poor wettability, 
incompatibility with some polymeric matrices, etc.14 To overcome these challenges, 
researchers have over the years suggested the use of physical and chemical 
treatments for surface modification as a way of overcoming these challenges and 
improving the properties of natural fibres.14–16 The use of chemical and physical 
methods has been found to reduce the inherent hydrophobicity of natural fibre.17 
However, the issues of environment and health are major concerns on the use of 
hazardous chemicals for modifying the fibre and its disposal. Thus, the use of non-
hazardous chemical and physical modification of natural fibres are becoming an 
attractive area of research. 

Microwaves are electromagnetic waves that lie between radio and infrared 
frequency regions in the electromagnetic spectrum. Their interaction with 
materials is generally via reflection, transmission or absorption. The majority of 
the microwave frequencies are dedicated for communications and radar purposes, 
while 915 MHz, 2.45 GHz, 5.8 GHz and 20.2–21.1 GHz frequencies are designated 
for scientific, medical and industrial uses.18,19 The ability of some materials to 
convert microwaves into heat makes them suitable for microwave processing.20 
Conventional heating processes involve the heat been concentrated along the 
materials surface rather than the interior, microwave energy is, however, absorbed 
by the material and converted to heat.21

In this regard, the use of microwave irradiation on natural fibre is gaining 
substantial attention and has been reported by researchers. Xue and Xin reported 
in their study of microwave irradiated wool fabric, that microwave heating is more 
efficient than conventional heating.22 Annapurna et al. reported that microwave 
irradiation could affect the macromolecular parameters, crystallographic structures 
and morphology of sisal fibre.23 Mahmoodi et al. found potential production of 
new environment-friendly textile fibres in their study of silk degumming using 
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microwave irradiation.24 Meanwhile, Singh et al. studied the suitability of 
microwave irradiation on joining of a green composite.25 Moharram and Mahmoud 
completed transformation of cellulose lattice type I into cellulose lattice type II 
without any heating using a microwave.26 These research findings indicated that 
microwave radiation is an effective treatment method for natural fibre as well as 
fibre polymer composite due to their beneficial effects on processing time and 
mechanical properties. 

Researcher such as Chimekwene et al., Okafor et al., Alvarez-López et al., Edith 
et al. and Imoisili et al. have studied plantain fibres as a source of natural fibre 
and their various applications.27–31 However, there is no report on the effect of 
high-frequency microwave radiation treatment on the properties of plantain (Musa 
paradisiaca) fibre. This work is aimed at evaluating the effect of the physical 
modification on plantain fibre surface by applying microwave radiation treatments 
on the fibres. These actions are intended primarily to evaluate the effect of these 
modifications on pristine plantain fibre, whether the resulting fibres would obtain 
improve strength and stiffness thus improving the properties of the fibre reinforced 
polymer biocomposite.

Day 1
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After 7 days After 14 days

After 21 daysAfter 28 days

Figure 1: Samples at different interval days.
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2. EXPERIMENtAL

2.1 Extraction of Fibre

Plantain pseudostem were collected from a local farm in the south-west Nigeria 
state of Ondo after the harvest season and the fibre was extracted using water 
retting methods as reported by Tahur et al., in which plantain fibres were extracted 
for 35 days at 7 days intervals as shown in Figure 1.32

2.2 Fibre Modification

The microwave radiation treatment of the fibres was carried out in a microwave 
oven Sanyo Electronics Model EM 51052 having adjustable power of 550–750 W 
with a microwave frequency of 2.45 GHz. The extracted fibres were treated with 
microwave irradiation at power setting of 550 W and 750 W for different treatment 
period (2 min and 4 min). The fibres were removed from the oven and cooled 
under vacuum for 24 h.24 The microwave treated (MV) fibres were designated 
as 550W2, 550W4, 750W2 and 750W4. The prefix W denotes the power setting 
whereas the suffixes of it represent the microwave irradiation time on the fibres in 
minute as reported in Table 1.

Table 1: Microwave treatment applied on plantain fibre. 

Category Treatment

UT Untreated plantain fibres

550W2 550 W power treated fibre for 2 min

550W4 550 W power treated fibre for 4 min

750W2 750 W power treated fibre for 2 min 

750W4 750 W power treated fibre for 4 min

2.3 Fibre Reinforced Polymer Biocomposite

Epoxy resin 3554A, a bisphenol class of epoxy resin and 3554B an amine class 
hardener was used as the polymer matrix. The weight ratio of resin to hardener 
used was 5:1. The fibres are cut into 10 mm length and distributed uniformly 
at the bottom of a steel mould, previously coated with a mould releasing agent. 
After being thoroughly mixed, the matrix was poured over the fibres evenly, then 
pressed and pushed down with the iron roller to avoid and eliminate air bubbles. 
Finally, a load is given to it to remove excess matrix and left for curing at room 
temperature for 24 h. Biocomposites with 15% constant amount of plantain fibre 
were manufactured for both treated and untreated fibres.
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2.4 Mechanical Properties

Tensile tests were carried out on both untreated and microwave radiation treated 
plantain fibres according to ASTM D 3822 at room temperature on a Universal 
Instron testing machine model 3369, with 25 N as load cell full range. Fibres were 
tested in the as-received state at a gauge length of 10 mm in displacement control 
and at a crosshead speed of 1 mm min–1. Tensile and flexural tests were carried 
out on the composite using a Universal Instron testing machine model 3369, in 
accordance with ASTM Test Method D638 and D790. The reported data is the 
average of five successful tests.

2.5 Morphology of Fibre

The fracture surface of composite and fibres was examined under a Zeiss Ultra 
Plus emission scanning electron microscope (SEM) to see the effect of microwave 
modification on their surface properties.

2.6 Water Absorption Properties of Biocomposite

Water absorption studies were performed following the ASTM D570-98 method. 
Test samples of untreated and microwave treated plantain fibres biocomposite 
were weighed and then soaked in a bath of distilled water at room temperature. 
At several times, the fibre samples were removed from the water, dried by a 
cotton cloth and weighed again. The percentage of water absorbed in the fibre was 
calculated by the weight difference between the samples exposed to water and the 
dried sample.

3. REsULts AND DIscUssION

3.1 Mechanical Properties

The mechanical properties of microwave radiation treated and untreated plantain 
fibres are reported in Figures 1(a) and 1(b), and fibre reinforced composite are 
reported in Figure 2. Plantain fibres exhibit the single linear elastic deformation 
until failure with no plastic deformation, which is typical of vegetable fibres.33 Test 
results as shown in Figure 1 reveal that microwave radiation at 550 W was able 
to improve the tensile strength of fibre from 389 MPa to 499 MPa, while modulus 
of fibre was increased also from 7051 MPa to 8212 MPa. Tensile and flexural 
test results show an increase of both properties at a moderate radiation power of 
550 W, which may be due to the moderate microwave power of 550 W been able 
to rearrange of the fibre structure and effectively releasing the residual stress in the 
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fibre.34 However, at high energy radiation of 750 W, decrease in the mechanical 
properties of the fibre and fibre polymer composite was observed. This may be due 
to degradation of the strength-providing cellulose and rupturing of fibre cells cause 
by high power microwave radiation.24
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Figure 2: Plots of (a) tensile strength of untreated and microwave treated plantain fibre, 
and (b) modulus of untreated and microwave treated plantain fibre.
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Figure 3: Plots of (a) tensile strength of untreated and microwave treated plantain fibre-
epoxy biocomposite, and (b) modulus of untreated and microwave treated 
plantain fibre-epoxy biocomposite.
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Figure 4: Plots of (a) flexural strength of untreated and microwave treated plantain fibre 

epoxy composite, and (b) flexural modulus of untreated and microwave treated 
plantain fibre-epoxy biocomposite.

3.2 sEM Analysis

SEM micrographs of untreated plantain fibres (UTs), 550W2, 550W4, 750W2 and 
750W4 fibres are shown in Figure 5(a–e) and fracture surface of fibre reinforced 
composite are reported in Figure 6(a–c). It was observed that with the increase 
in irradiation period from 2 min to 4 min keeping the power constant at 550 W, 
the surface roughness of the fibre has increased, and uniform surface roughness 
was achieved. This suggests that with 550 W power microwave treated plantain 
fibre, a better adhesion with hydrophobic polymer resins could be achieved. 
Serious damaging effect on the surface of the fibre was observed at 750 W power 
microwave irradiation. The severity of damage can be estimated from the exposure 
of inner central lumen of the fibre irradiated for 4 min as shown in Figure 5(e); 
this has led to the heavy damage to the fibre surface along with the damage to the 
strength proving cellulose.23

Figure 6 shows fracture surfaces of treated and untreated fibre composite subjected 
to tensile stress. It was observed from Figure 6(a) that the surface of untreated 
fibre was completely devoid of matrix materials, this was an indication of fibre-
matrix failure followed by fibre pull-out. The micrograph of 550W2 treated fibre 
composite (Figure 4(b)) shows that small fibre pull-out occurred with the existence 
of crack at the broken fibre end/sites, thus indicating strong bonding between fibre 
and polymer matrix. 750W4 treated fibre bio-composite as in Figure 6(c) shows 
multiples fibre pull-out, while the fibre shows splitting and tearing on the fibre 
surfaces indicating poor interfacial bonding of fibre-matrix and damage fibre 
surface.
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Figure 5: Longitudinal morphology of treated and untreated plantain fibres for (a) UT,  
(b) 550W2, (c) 550W4, (d) 750W2 and (e) 750W4. 
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Figure 6: Fracture surface of treated and untreated fibre polymer composite of (a) UT,  
(b) 550W2 and (c) 750W4.

Figure 7 shows the water absorption curves of untreated and microwave 
radiation treated plantain fibre-epoxy biocomposite. All sample shows initial 
rapid absorption and later a saturated level without a further increase in sorption.  
The 550W2 treated fibre biocomposite shows lower absorption due to the effective 
reduction in the absorbed water and O-H group in the fibre and strong adhesion 
of fibre polymer matrix resulted in greater hydrophobicity and less moisture 
absorption.24 Porosity content and fibre-matrix adhesion are known factors that are 
responsible for moisture behaviour of natural fibre composite, thus the high water 
absorption observed at 750 W may be due to the degradation of fibre resulting in 
a very porous, rupture cells which have resulted in an increase in the hydrophilic 
character of the composite.35
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Figure 7: Water absorption of fibre-polymer biocomposite.

4. cONcLUsION

The applicability and suitability of high energy microwave radiation for the 
modification of plantain fibres and its effect on the mechanical, morphology and 
water absorption properties of fibre and fibre-polymer biocomposite has been 
investigated. The results obtained show that microwave irradiation at 550 W 
has improved the mechanical properties of both the fibres and fibre-polymer 
biocomposite as increases in mechanical properties and adequate surface roughness 
was achieved at optimised microwave power and time. Fibres irradiated at 750 W 
shows a serious damaging effect on the surface of the fibre with the increase in 
irradiation period from 2 min to 4 min. The severity of damage can be estimated 
from the SEM image, showing the exposure of inner central lumen of the fibre. 
As a general point, the longer period of high energy radiation of 750 W led to the 
heavy damage to the fibre surface along with the damage to the strength proving 
cellulose, thus resulting a decrease in mechanical properties and makes the fibre 
more permeable to moisture. Finally, it is concluded that microwave radiation of 
550 W for 2 min period is the best to modify plantain fibre, which also gives an 
insight that microwave energy is a safer and cleaner modification of plantain fibre 
compare to conventional methods of drying nature fibre.
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