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Abstract

This paper represents the first effort aimed to study the interdependence of mercer-

ization, moisture absorption and mechanical properties of sustainable Phoenix sp.

fibre-reinforced epoxy composites fabricated by compression moulding technique.

The investigation was carried out by varying the fibre length (10, 20 and 30 mm),

fibre volume fraction (10%, 20%, 30%, 40% and 50%), concentration of sodium hydrox-

ide for fibre treatment (5%, 10% and 15%) and immersion temperature (10�C, 30�C and

60�C). The fibre–matrix interface and failure mechanism was studied by using scanning

electron microscopy. The results revealed that the moisture absorption rate increased

with the increase in fibre length, fibre volume fraction and immersion temperature

result in loss of tensile and flexural properties. The moisture absorbed samples

shows 15% and 7% drop in tensile and flexural strength, respectively. However, this

loss was less in mercerized fibre-reinforced composites.
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Introduction

Increasing environmental awareness and stringent policies around the world
against the usage of synthetic materials make the researchers to focus on energy
efficient green materials for various industrial applications in the recent days. In
particular, composite materials consisting of synthetic fibres and polymer matrix
are used by various industrial sectors like aerospace, automobile, construction and
packaging. But the environmental policies forced these industries to search for new
green reinforcement materials (lignocellulose fibres) as an alternative for synthetic
fibres. Compared to synthetic fibres, the lignocellulosic fibres have several advan-
tages like renewability, availability, bio-degradability, non-toxicity, economic via-
bility, enhanced energy recovery and good mechanical properties. Moreover, these
fibres are directly obtained from natural sources makes them more attractive in
terms of environmental awareness and sustainability [1–8].

Among various plants growing in India, Phoenix sp. is one of the plants which is
being used only for decorative purposes. This plant has higher fibrous content in
nature (1.0–3.5 tons of Phoenix sp. fibres can be obtained per acre annually) which
could not be extensively used as a reinforcement material for the development of
polymer-based composites in the literature. The physico-mechanical properties of
untreated and treated Phoenix sp. fibres were reported in the literatures to assess
their suitability for developing polymer matrix composites (PMCs) [9,10]. In con-
tinuation of the above study the tensile, flexural, impact and dynamic mechanical
properties were determined for untreated Phoenix sp. fibre reinforced composite
materials [11].

It is well known that, the lignocellulose fibre-based composites absorb more
water when exposed to moist environment due to its hydrophilic nature. The
water absorption leads to degradation of interfacial region results in creating
poor stress transfer between the fibre and matrix. This reduces the dimensional
and mechanical properties of the lignocellulose fibre-reinforced composites [12].
Therefore, this problem should be addressed in order to use the lignocellulose
fibres as viable alternative reinforcement for developing composite materials for
various industrial applications.

The minimization of water uptake behaviour of the lignocellulose fibre-based
PMCs are still a challenging one. The literatures reported that the water uptake by
these composites is influenced by various factors such as fibre length, fibre volume/
weight fractions, viscosity of matrix, temperature and defects in the composites
[13]. Nevertheless, increasing the bonding between the fibre and the matrix is one of
the ways of reducing the water uptake by the composites. In this context, many
researchers have done an exhaustive research to reduce the water absorption of
lignocellulose fibre composites by treating the fibres chemically before reinforcing
them into the polymer matrix. The surface of the treated fibres becomes rough
results in enhanced interfacial bonding with the matrix system which reduces mois-
ture absorption rate and enhance the mechanical properties of the composites.
Recently, Fiore et al. [14] introduced the cost effective and eco-friendly sodium
bicarbonate treatment for lignocellulose fibres. However, it is noted in the
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literatures that the sodium hydroxide treatment (NaOH) also known as merceriza-
tion is the most commonly used chemical treatment for lignocellulose fibres
[15–23].

To the best of author knowledge, no literatures reported the comparative data of
water absorption rate of untreated and chemically treated Phoenix sp. fibre-rein-
forced polymer composites. Employing this sustainable fibre-based composite in
moist environmental conditions requires detailed analysis of moisture absorption
characteristics. Therefore, the main objectives of this research work is to: (i) study
the water absorption behaviour of both untreated and NaOH treated Phoenix sp.
fibre-reinforced polymer composites and related kinetics and transport coefficients
of water absorption, and (ii) compare the mechanical properties of dry and water
absorbed composites for the first time.

Materials and methods

Materials

The Phoenix sp. fibre was obtained from the petioles of the Phoenix sp. plants,
which is abundantly growing in Coimbatore region, India. The epoxy resin
(LY556) and hardener (HY951) are procured from Covai Seenu & Company,
Coimbatore, India. The properties of Phoenix sp. fibre and epoxy matrix was pre-
sented in Table 1.

Methods

Extraction and treating of Phoenix sp. fibre: The Phoenix sp. plant consists of 15–25
petioles of 0.75 to 1.5m in length and yields 35 to 42 petioles per year. The petioles

Table 1. Properties of Phoenix sp. fibre and epoxy matrix [10,24–27].

Properties

Phoenix sp. fibre

EpoxyUntreated 5% NaOH 10% NaOH 15% NaOH

Diameter (mm) 0.5766 0.5266 0.5015 0.4171 –

Density (g/cm3) 1.2576 1.0255 1.0201 1.0135 1.15–1.20

Cellulose (%) 76.13 63.31 66.57 62.94 –

Lignin (%) 4.29 29.98 30.10 32.88 –

Moisture (%) 10.41 11.87 11.67 11.49 –

Wax (%) 0.3 0.07 0.06 0.09 –

Ash (%) 19.69 4.01 3.85 4.06 –

Tensile strength (MPa) 173.24 174.04 193.11 207.91 68.3
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with V-shaped leaves were cut from the plant by using knife, followed by
removing the leaves from the petioles. The petioles, thus obtained were cut
to the required length and immersed in water for about 15–20 days, during
this water retting process, each petiole was completely wetted and the gum like
materials present in between the fibres were separated. Then it was washed
in running water to remove the unwanted materials and the single fibre was
extracted by manual peeling process. The extracted fibres were washed again
in the running water to remove the excess plant materials on the fibre surface
and then dried in sunlight for 8–10 h to remove the water content. Then
the dried Phoenix sp. fibres were soaked in NaOH solution with different weight
concentrations of 5%, 10% and 15% separately for about 1 h at room temperature
of 28�C maintaining a solution to fibre ratio of 20:1 [28]. Then the fibres
were washed with distilled water, and then in running water to completely
remove the NaOH solutions present in the fibres and neutralized with dilute
acetic acid. Finally, the fibres were again washed with distilled water and dried
at room temperature for 48 h.

Manufacturing of composite plates: The composite plates were developed by reinfor-
cing Phoenix sp. fibre in to the epoxy matrix by using compression moulding
technique. The Phoenix sp. fibres of different length such as 10, 20 and 30mm
were used for the composites preparation. The epoxy resin and its hardener were
mixed with the ratio of 9:1 as recommended by the manufacturer for better curing.
The mild steel mould of dimension 300� 300� 3mm3 was used for the fabrication
process. The silicone spray releasing agent (which avoids sticking of resin in the
mould) was applied on the prepared mould and the fibres were spread over
the mould randomly. Then the prepared matrix was poured onto the mould and
the closed mould was kept under a pressure of 4.5 bar for 6 h using a hydraulic
press to obtain a uniform thickness in the whole plate and then it was removed
from the mould. Finally, post curing process was carried out for 4 h at 60�C in a
hot air oven to promote the homogeneity of the curing process. Then the cured
composite plates were cut by using diamond saw to prepare the composite samples
according to ASTM standards. The composites were prepared with utmost care to
maintain uniformity and homogeneity.

Density test: The theoretical densities of the prepared composite samples were deter-
mined by using the following equation [29].

�ct ¼
1

ðWf=�f Þ þ ðWm=�mÞ
ð1Þ

where �ct represents the theoretical density of the composite samples in g/cm3, Wf

denotes the weight fraction of the fibre, Wm represents the weight fraction of the
matrix, �f denotes the density of the Phoenix sp. fibre in g/cm3 while �m denotes the
density of the epoxy matrix in g/cm3.
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The actual density (�ce) of the composite samples was determined by using
Archimedes method. The volume of voids (Vv) present in the composite samples
was determined by using equation (2).

Vv ¼
�ct � �ce
�ct

ð2Þ

Voids are common induced defects in composite materials during manufactur-
ing, mainly due to the entrapment of air into the composites [30,31]. The increase in
void content increases the water absorption rate and degrades the mechanical
properties of PMCs. So, composite samples selected for testing should have less
than 5% void content for better overall properties. In the present work, the spe-
cimens that have less than 3.5% of void content was selected for the investigation.

Water absorption test: Water absorption tests were carried out on three prismatic
samples with size 64� 12.7� 3mm3 for each case according to ASTM D 570-98
standard, under different climatic conditions of 10�C, 30�C and 60�C. The samples
were taken out from the bath at regular intervals of time, that is for every 1 h, and
the water content present on the specimen surface was wiped out with a dry cloth
and then weighed in a high precision digital balance. The water absorption in the
weight percentage (%M) was calculated by using the following equation [32–35].

%M ¼
Wt �Woð Þ

Wo
�100 ð3Þ

where Wo and Wt represent the initial dry weight and the wet weight (in g) of the
composites for a specific immersion time, respectively.

The water absorbed by the PMCs is considered by three mechanisms among
them the complete effect can be conveniently modelled by considering the diffusion
mechanism [32]. The diffusion mechanism is investigated by fitting the moisture
absorption values into the following equation [33].

log
Mt

Mm

� �
¼ log kð Þþn log tð Þ ð4Þ

where Mt represents the moisture absorption at time t, Mm indicated the saturated
moisture absorption and k and n are the constants.

In Fickian model, the diffusion coefficient (D) was one of the important param-
eters which show the ability of water molecules to penetrate into the samples and it
can be determined by using the following equation [33,34].

D ¼ �
h

4Mm

� �2
M2�M1ffiffiffiffi
t2
p
�

ffiffiffiffi
t1
p

� �2
ð5Þ
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where h denotes the sample thickness in mm, Mm represents the saturated moisture
absorption, t1 and t2 mean the selected square root of time points in the linear
portion of the curve while M1 and M2 denote the respective percentage of moisture
absorption at t1 and t2.

Another important factor in the kinetics of water absorption behaviour is
absorption coefficient (S). The value of S is related to the saturation point of
water absorption and it can determined by using the following equation [33].

S ¼
Wm

Wp
ð6Þ

where Wm represents the mass of solvent taken up at equilibrium swelling while Wp

denotes the mass of the composite sample.
Moreover, the permeability coefficient (P) gives the net effect of diffusion and

absorption coefficient and it is determined by using the following equation [33].

P ¼ D� S ð7Þ

Mechanical tests: Tensile tests were carried out by using an INSTRON Universal
Testing Machine according to ASTM D 638 standard. The crosshead speed of
1mm/min and 5 kN load cell was used for tensile testing. Five dog bone-shaped
samples with the dimensions of 165� 13� 3mm3 were tested for all case and the
average value was denoted as the tensile property of the composites. Three-point
bending test was performed by using the same machine according to ASTM D 790
standard. Five prismatic samples of size 125� 13� 3mm3 were tested for each
case, and the average value was noted as the flexural property of the composites.

Morphological analysis: The surface morphology of the fractured surface of the com-
posites was analysed by using scanning electron microscope (SEM) model: EVO 18
– CARL ZEISS with an accelerated voltage of 5 kV. Before scanning, the samples
were gold coated to make it conductive and also to avoid electrostatic charge.

Results and discussions

The water absorption rate of Phoenix sp. fiber reinforced epoxy composites
(PFREC) was investigated as a function of fibre length, fibre volume fraction,
concentration of NaOH treatment and environmental temperatures.

Effect of fibre length and fibre volume fraction

From Figure 1(a) to (c), it was noted that the water absorption of PFREC
increased with the increase in both the fibre length and fibre volume fraction due
to the presence of more hydroxyl groups [20]. The water absorption by the
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Figure 1. Water absorption at 30�C by 10 mm (a), 20 mm (b) and 30 mm (c) length fibre-

reinforced composites.
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composites also increased with the increase in immersion time and reached the
saturation state after a particular time period and no more water penetrates into
the composites there after. The time taken to reach the saturation point was almost
the same for all the composites at particular environmental condition. Moreover, at
any fibre volume fraction, the composites reinforced with 30mm length fibre
absorb more water because the larger fibre size leading to poor fibre–resin com-
patibility can ultimately result in enhancing the water absorption of the
composites.

Similarly, the other reasons for the increased water absorption rate were (i)
when the length of the fibre increases, the amount of cellulose compounds respon-
sible for water absorption present on the surface of the fibre would be more, (ii) the
increase in the fibre volume fraction on the composites made more amount of fibre
to contact with water, and (iii) the increase in the fibre length and volume fraction
increased the fibre-to-fibre inter connections due to incomplete encapsulation of
fibre by the resin [36]. Similar trends were observed for the composites immersed in
water at other temperatures (10�C and 60�C) also.

Effect of NaOH treatment

In general, the sustainable lignocellulose fibres and resins are hydrophilic and
hydrophobic in nature, respectively, leading to poor interfacial bonding between
them. As mentioned earlier, the NaOH treatment of natural fibres is one of the best
methods following by many researchers to remove the organic materials, such as
cellulose, hemicellulose, lignin pectin and waxy layer on the fibre surface, thereby
increasing the surface roughness and surface area of contact between the fibre and
the matrix. This increases the bonding strength between the two resulting in
reduced water absorption rate. The effect of different concentrations of NaOH
treatment on water absorption of PFREC was represented in Figure 2. For the
sake of conciseness, the values of water absorption at saturation point (WASP)
were taken for the following discussion. It was noted that for all cases, the
untreated fibre composites (0% concentration) have higher water absorption rate
and it decreased with the increase in the weight concentration of NaOH treatment
because treating the natural fibres at higher concentration of NaOH solution
reduces the hydrogen bonding capacity of cellulose, eliminates open hydroxyl
groups and dissolves hemicellulose, which were responsible for higher water
absorption rate [20,37].

Similarly, the increase in the concentration of NaOH treatment made the fibre
surface porous, which was filled by resin during manufacturing of the composites.
This provides excellent bonding between the Phoenix sp. fibre and epoxy matrix
resulting in lower moisture absorption due to capillarity. Another interesting thing
in the lower water absorption of the treated PFREC was due to higher lignin
content. The treated Phoenix sp. fibres have higher lignin content than the
untreated fibres were responsible for lower water absorption by the composites.
This could be due to the fact that lignin was a hydrophobic compound that acts
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against hydrothermal degradation in fibres [38]. Thus, the NaOH treatments have
profound effect on the water absorption properties of the PFREC.

Effect of environmental temperatures

WASP for untreated PFREC under various environmental conditions was shown
in Figure 3. It was noted that the WASP increased with the increase in temperature
of bath irrespective of fibre volume fraction. This could be due to the fact that at
elevated temperature, the mobility of water molecules was increased providing
faster access into the polymer segments and it promotes the diffusivity phenomena.
This results in the formation of micro cracks between the matrix and the fibre [39].

Figure 3. Effect of immersion temperature on the saturated water absorption of untreated

PFREC.

Figure 2. Effect of NaOH treatment on the water absorption rate of PFREC at 30�C.
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Moreover, the higher temperatures lead to the increase in thermal expansion and
network swelling, enhance the water entry into the composites [40]. When com-
pared to water absorption of the composites immersed in 10�C, the composites
immersed in 30�C and 60�C absorbs 24% and 45% greater water content,
respectively.

Kinematics of water absorption of PFREC

In kinetics of water absorption, the constants n and k represents the type of trans-
port mechanism and interaction between water and composite samples, respect-
ively. To determine the values of constants n and k, linear regression analysis is
carried out by plotting the value of log (Mt/Mm) as a function of log (t) as shown in
Figure 4, and the obtained values for different composite samples are shown in
Table 2. The water absorption obeys the Fickian behaviour when n=0.5. It was
noted that all the samples have the value of n closer to 0.5. Hence the water
absorption of PFREC follows Fickian behaviour under all the conditions.
If n=1, then the diffusion mechanism was said to be non-Fickian and if it
lies in between 0.5 and 1, then the mechanism was said to be anomalous [35,39].
To determine the values of constants n and k, linear regression analysis was
carried out by plotting the value of log (Mt/Mm) as a function of log (t) as
shown in Figure 4, and the obtained values for different composite samples were
shown in Table 2.

It was observed that the D value increased with the increase in the temperature
of immersion, but decreased with the increase in the weight concentration of NaOH
treatment. The reason was that the increase in the temperature of bath accelerates
the penetration of water molecules into PFREC. The increase in the weight con-
centration of NaOH provides better interfacial bonding between the Phoenix sp.
fibre and the epoxy matrix, which reduces the velocity of penetration resulting in

Figure 4. Fitting of diffusion curve for PFREC.
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lower value of D. Moreover, the fibre length and volume fraction influence the D
value of PFREC. An increase in D value was observed corresponding to the
increase in the fibre length and volume fraction.

Similar to the behaviour of diffusion coefficient, the absorption coefficient
also increased with the increase in the temperature of immersion, but decreased
with the increase in the weight concentration of NaOH treatment as noted from
Table 2. By reinforcing 15% of NaOH-treated Phoenix sp. fibre into epoxy matrix
reduces the value of S could be reduced to 10.3%, 12.4% and 16.4% than the
untreated PFREC when it was being immersed in water at 10�C, 30�C and 60�C,
respectively.

The values of P for the untreated and NaOH-treated PFREC at various envir-
onmental conditions were presented in the Table 2. It was noted that the perme-
ability coefficient follow the same trend of diffusion and absorption coefficients,
that is the P increased with the increase in the temperature of immersion, but
decreased with the increase in the weight concentration of NaOH treatment as
noted from Table 2.

Effect of water absorption on mechanical properties

The mechanical properties of dry and water-absorbed PFREC were studied for in-
depth understanding of the interdependence of moisture absorption and mechan-
ical properties. For the sake of conciseness, the composites reinforced with 40%
volume of 20mm length fibres were considered for the discussion.

Table 2. Kinetics and transport coefficient values of PFREC at various conditions.

Environmental

conditions Type of fibre

Saturated

water

absorption

Mm (%)

Kinetics of water

absorption

Transport coefficients

Diffusion

coefficient

10�10 (D)

(m2/min)

Absorption

coefficient

(S) (g/g)

Permeability

coefficient

10�11 (P)

(m2/min)n k

10�C Untreated 12.70 0.4961 0.125622 2.3512 0.2218 5.21503

5% NaOH 12.44 0.5147 0.115934 2.3864 0.2161 5.15709

10% NaOH 11.11 0.5076 0.119541 2.2999 0.2102 4.83443

15% NaOH 10.81 0.503 0.121944 2.2442 0.1989 4.46363

30�C Untreated 16.03 0.5374 0.094073 2.7366 0.2304 6.30505

5% NaOH 15.23 0.5459 0.090233 2.5212 0.2253 5.68023

10% NaOH 13.74 0.5379 0.093841 2.5235 0.2162 5.45575

15% NaOH 12.51 0.5444 0.090891 2.647 0.2019 5.34436

60�C Untreated 19.20 0.5246 0.104079 2.7574 0.2706 7.46164

5% NaOH 17.47 0.5321 0.100543 2.8017 0.2586 7.24513

10% NaOH 15.85 0.5272 0.102842 2.8999 0.2419 7.01428

15% NaOH 14.43 0.5252 0.103793 2.6958 0.2263 6.1005
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It was observed that both the tensile strength and tensile modulus (Table 3) of
water absorbed specimens were lower than that of the dry specimens. Because,
water absorbed by the Phoenix sp. fibres result in the formation of a large
number of hydrogen bonds between the fibre and epoxy macromolecules. This
led to swelling of Phoenix sp. fibres, matrix chain reorientation and shrinkage
and loss of compatibility between the Phoenix sp. fibres and epoxy matrix, causing
a decrease in the tensile properties [38].

Moreover, the –OH group of lignocellulosic fibres develops hydrogen bonding
result in the stretching and sliding of chains. These stretching and sliding of chains
can be restricted by treating the fibres chemically. The presence of active fluoro-
carbon in the place of –OH group lowers the moisture absorption rate and it
retains a good interfacial bonding between the fibre and matrix. As a result, the
composites will not lose much strength when exposed to humid environment was
observed from Table 3.

The composites prepared with other lengths (10 and 30mm) and volume
fractions (10%, 20%, 30% and 50%) have also the similar trend like above
composites. However, the percentage loss in tensile properties was increased with
respect to the increase in fibre volume fraction up to 40% due to more moisture
absorption.

The flexural properties of dry and moisture-absorbed samples was presented in
Table 4, and the following points were observed: (i) similar to the tensile properties
the flexural properties also decreased when it is exposed to humid environment for
the same reasons, (ii) the percentage decrease of flexural properties are higher for
untreated fibre-reinforced composites when compared to that of the treated fibre-
reinforced composites due to higher moisture absorption and poor interfacial
bonding, and (iii) flexural properties reduced gradually with respect to increase
in the immersion temperature due to loss of compatibility between the fibre and
matrix at elevated temperatures. Similar trend was observed for the other

Table 3. Tensile properties of dry and water absorbed samples.

Environmental conditions Type of fibre

Dry

samples

Moisture absorbed samples
Average %

decrease10�C 30�C 60�C

Tensile strength (MPa) Untreated 39.22 36.63 33.47 29.53 15.32

5% NaOH 41.46 38.96 36.78 33.37 12.27

10% NaOH 42.38 40.52 38.97 35.16 9.82

15% NaOH 43.08 42.27 41.02 37.85 6.26

Tensile modulus (MPa) Untreated 498.16 482.90 460.65 450.62 6.71

5% NaOH 532.18 520.36 494.08 484.33 6.12

10% NaOH 563.60 553.45 539.93 526.71 4.18

15% NaOH 589.12 579.37 566.51 552.05 3.92
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composites also. When compared to fibre length, the fibre volume fraction influ-
enced more on the flexural properties of the composites. As mentioned earlier, the
moisture absorption increased with the increase in the fibre volume fraction there-
fore, the percentage loss of flexural properties was more for composites reinforced
with higher volume of Phoenix sp. fibres.

The comparison of both tensile and flexural properties of dry and water-
absorbed composites reinforced with different sustainable lignocellulose fibres
were presented in Table 5. It was observed that similar to the present study results,
all moisture-absorbed composites showed lower mechanical properties when com-
pared to that of the dry samples.

Morphological analysis

The surface morphology of fractured surface of samples were observed using SEM
at different magnification factors, and is presented in Figure 5. The SEM images
clearly show the degradation of Phoenix sp. fibres due to water absorption [38]. It
was noted that the untreated fibre composites (Figure 5(a)) have poor interfacial
bonding, however, the treated Phoenix sp. fibres have good interfacial bonding
with epoxy matrix (Figure 5(b)). In the former case, the failure occurs due to
formation and propagation of micro cracks present around the interfacial region
and in later the failure of composites occur due to fibre and matrix breakage. In
addition to poor interfacial bonding, the composites were failed due to the presence
of voids. The alignment of fibres plays an important role in the overall properties of
composite materials. There is always a possibility of fibre entanglement in the
composites prepared by random orientation. This fibre entanglement can create
matrix rich areas, which results in the formation of voids. These voids act as a
stress concentrators and led to failure of composites [12]. Moreover, the failure of
water absorbed specimens were initiated by the failure of fibres is observed from

Table 4. Flexural properties of dry and water absorbed samples.

Environmental conditions Type of fibre

Dry

samples

Moisture absorbed samples
Average %

decrease10�C 30�C 60�C

Flexural strength (MPa) Untreated 137.05 133.17 128.35 122.48 6.60

5% NaOH 139.13 137.06 134.32 127.61 4.41

10% NaOH 141.53 138.85 137.13 132.55 3.78

15% NaOH 143.65 140.96 139.02 136.73 3.29

Flexural modulus (MPa) Untreated 238.34 235.61 231.89 226.64 2.92

5% NaOH 241.19 238.22 234.95 229.58 2.87

10% NaOH 245.36 242.75 239.38 234.06 2.70

15% NaOH 250.71 246.42 244.11 241.95 2.61
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Figure 5. SEM images of untreated (a) treated (b) and water-absorbed (c) PFREC.
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Figure 5(c). This is because, the fibres absorb more water at humid environments
and the water molecules present in the fibre made them completely wet, which
reduces the strength of the fibre as well as interfacial bonding. Hence, it can be
concluded that the specimen immersion time influences more on the mechanical
properties of lignocellulosic fibre composites (i.e. higher the immersion time lower
will be the mechanical properties).

Conclusions

The composites were successfully fabricated by using compression moulding tech-
nique and investigated its moisture absorption rate and effect of moisture absorp-
tion on mechanical properties. Based on the obtained experimental data, the
following conclusions were made:

. The moisture absorption of the PFREC is greatly influenced by fibre length,
fibre volume fraction, chemical treatment, immersion time and temperature.

. The moisture absorption of PFREC follows the Fickian law, as the value of
constant ‘n’ for all the samples were close to 0.5.

. The diffusion, absorption and permeability coefficients are influenced by immer-
sion temperature and concentration of NaOH solution.

. The mechanical properties are higher for dry samples when compared to the
moisture absorbed samples.

. An average of 6%–15% and 4%–7% reduction in tensile strength and tensile
modulus, respectively, were noted for moisture absorbed composites.

. Similarly, 3%–7% and 2%–3% reduction in flexural strength and flexural
modulus, respectively, were noted for the moisture-absorbed samples.

. The SEM results showed that the failure of moisture-absorbed samples are
mainly due to fibre breakage followed by breakage of entire structure. The
NaOH treatment significantly reduced the moisture absorption of PFREC by
enhancing the interfacial bonding.

. Subsequently, the loss in mechanical properties of treated fibre reinforced com-
posites due to moisture absorption was less. This reflected the participation of
NaOH treatment in terms of enhancing the interfacial bonding and tensile and
flexural properties of PFREC.

Based on the obtained experimental data, it was concluded that the PFREC
is a suitable material to use in various moist environment applications, such
as packaging industry, paper board industry, housing sectors, partition panels,
and so on.
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