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INTRODUCTION

Conventional polymer composites reinforced with fibres
typically utilize synthetic fibres in conjunction with a polymer
matrix, owing to synthetic fibres cost-effectiveness and commen-
dable mechanical properties [1]. Synthetic fibres exhibit excep-
tional strength, low weight and high resistance to corrosion,
making them well-suited for diverse applications in industries
like aerospace, automotive and construction [2]. Despite their
advantages, synthetic fibres come with critical drawbacks, inclu-
ding high cost, elevated density compared to polymers and
challenges related to recycling and biodegradability.

In contrast, natural fibres offer an environmentally friendly
alternative, low density, high specific strength and stiffness
contributing to reduced material costs and enhanced safety
during handling, processing and utilization compared to synth-
etic fibres [3-5]. For these reasons, in recent years, natural plant
fibres have been increasingly gaining attention as viable alter-
natives to synthetic fibres [2]. Notably, natural fibres have found
applications in manufacturing various automotive parts, as
evidenced by studies [6].
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Recently, composite production from readily available
natural fibre has gained popularity due to its economic viability
[7]. Plants that are considered to be problematic and invasive
such as water hyacinth, have surfaced as new promising natural
fibre sources in recent times [8]. Limited research studies have
been conducted on such invasive plants. As such, this study
focuses on developing natural fibre reinforced composite using
water hyacinth fibre. The water hyacinth is one of the world’s
most prevalent invasive aquatic plants. It is a free-floating
vascular plant known to cause major ecological changes in
the environments they invade. The water hyacinth has a direct
impact on the water quality by lowering phytoplankton pro-
ductivity and dissolved oxygen concentrations beneath these
mats [9].

The main approaches for the control of aquatic weeds
have been classical biological control and mechanical approach
supplemented with chemical control [10]. However, all these
methods have failed to provide long lasting effects due to the
rapid multiplication of the weeds and the relatively low effic-
acy. When control methods are not successful, extraction and
disposal methods are used as an alternative. These include
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mechanical extraction of the weed from the water body and
dumping on reservoir banks or in vacant lands. When the plant
materials are dried enough, they are burnt to reduce the volumes
[11]. Open burning of waste materials not only creates green-
house gasses that contribute to climate change but also damage
other important flora and fauna in the area. To address this,
the focus of this research is to use fibre from the water hyacinth
plant to develop value added products, thereby increasing the
productive usability of the plant and reducing the haphazard
disposal of the plant that causes environmental pollution. Using
a widely available fibre material to develop a new natural fibre
composite material could also be economically viable and
environmentally friendly compared to using synthetic fibres.

Research indicate that water hyacinth has beneficial prop-
erties that makes it a good fibre source in many applications
[12]. In plant cell walls, cellulose, hemicellulose and lignin are
key components influencing fibre properties [13]. Cellulose,
a natural polymer and the primary structural element, imparts
remarkable strength and stiffness to plant fibres [14]. Conver-
sely, hemicellulose has been observed to reduce tensile and
flexural strength [15]. Studies have revealed that water hyacinth
fibres (WHF) have a higher cellulose content compared to coir
and date palm fibres [13,16]. Furthermore, water hyacinth can
be an ideal reinforcement material in composite development
as the plant is found in abundance in the environment and does
not require additional care as an agricultural crop or a dedicated
fibre plant.

EXPERIMENTAL

In this study, waste polyethylene (PE) bags were obtained
from an industry while fresh water hyacinth plants were collect-
ed from a water stream near the Karadiyana compost plant in
Boralesgamuwa, Sri Lanka. The collected plants were separated
from the stem and the stems were utilized as raw materials.

Fibre extraction: Different fibre extraction methods were
tested based on the literature, aiming to identify the most effic-
ient and practical approach for fibre extraction.

I. Solar drying method: Solar drying for 15 days and dried
water hyacinth stems were crushed [17].

II. Water retting method: Separated stems were immersed
in enclosed bucket and kept for 4 weeks and then the fibres
were extracted manually [17].

III. Decortication: A decorticator machine was used to
extract fibres. Fresh stems were decorticated and decorticated
stems were dried [18].

The decorticating method was identified as the most straight-
forward and efficient fibre extraction technique. Decorticated
fibres were subjected to a drying process in a hot air oven at
105 ºC until a constant weight was obtained

General procedure

Composite preparation: Composites were prepared with
varying fibre loading (5%, 7.5%, 10% and 12.5%). The neces-
sary weights of both the fibres and polyethylene were accurately
measured using a digital weighing machine. Subsequently, the
accurately measured dried fibres were cut into lengths of 1-2
cm and positioned between layers of weighed polyethylene,

undergoing pre-pressing via a pneumatic laminating machine
at 140 ºC for 10 min. Following the pre-pressing, the thin sheets
were allowed to cool for 10 min. Finally, the pre-pressed sheets
were shredded using a mechanical shredder equipped with 1 mm
sieve.

The homogeneous crushed particles were placed in a steel
mould. Compression was applied using a hot press with upper
and lower plates set at 140 ºC, applying 8 MPa pressure for 10
min. The processing temperature was chosen based on the DSC
analysis. After unloading the die, the composite manufacturing
process was complete and the assembly cooled for 10 min at
room temperature before disassembly.

Differential scanning calorimetry (DSC): DSC analysis
was carried out to determine the melting point of waste thermo-
plastic packaging material using a Q200 differential scanning
calorimeter from T.A. Instruments. The analysis involved a
heating-cooling-heating thermal cycle with temperatures ranging
from 30 to 250 ºC and a heating rate of 10 ºC min-1.

Thermogravimetric analysis (TGA): TGA was employed
to assess the thermal stability and degradation characteristics
of polyethylene (PE) and water hyacinth fibres (WHF) rein-
forced PE composites. The samples were carefully positioned
in platinum pans and subjected to analysis using a TGA machine
within a nitrogen atmosphere, maintaining a flow rate of 20
mL min-1 to prevent undesired oxidation. The TGA process
involved heating both WHF and PE from 30 ºC to 700 ºC at a
rate of 10 ºC min-1.

Fourier transform infrared spectroscopy (FTIR): The
waste packaging material, WHF underwent FTIR analysis, which
was conducted on a Bruker Vertex 80 FTIR spectrophotometer.
The ATR mode was utilized for sample analysis, covering a
spectral range from 4000 cm-1 to 400 cm-1 with 128 scans.

Scanning electron microscopy (SEM): The SEM analysis
was employed to analyze the tensile fracture surface of the
composites. The specimens were scanned using a Hitachi
SU6600 scanning electron microscope. The SEM was utilized
to investigate the fibre-matrix interaction and failure modes
of the tensile specimen.

Tensile test: The test specimens were shaped as per ASTM
D 638: Standard test method for tensile properties of plastics.
Tensile strength and Young’s modulus were determined by
using a Testometric M500-50CT tensile testing machine with
a standard load cell of 5 KN with a gauge length of 50 mm. Five
specimens were tested from each prepared composite and the
arithmetic average was calculated.

Flexural test: According to ASTM D 790, the flexural test
was carried out in the three-point method to estimate the flexural
strength and flexural modulus [19]. Testomeric M500-50CT
testing device was used to determine the flexural strength. The
ratio of sample thickness to span length was modified to 16:1,
as specified in the standard. The crosshead motion rate of the
testing device was determined according to eqn. 1. Five speci-
mens were tested from each prepared composite and the arith-
metic average was calculated.
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Izod impact test: The Izod impact test was conducted
following ASTM D 256 standard [20]. V-notched specimens,
measuring 63.5 mm × 12.7 mm, were prepared in accordance
with the specified standards. Five specimens per composite
were tested and the data obtained were used to calculate the
average.

Density: The density of the composite materials was eval-
uated under ASTM D 792 [21]. The procedure involves first
measuring the specimen’s weight in the air and then deter-
mining its weight when fully immersed in distilled water at 23
ºC, utilizing a sinker and wire to ensure complete submersion.
The calculations for both density and specific gravity are per-
formed as follows:

a
Specific gravity

a w b
=

+ −
(2)

Density (ρ) = Specific gravity × 0.9975 (3)

where a is the apparent mass of the specimen, without wire or
sinker, in air; b is the apparent mass of specimen (and of sinker,
if used) completely immersed and of the wire partially immersed
in liquid and w is the apparent mass of totally immersed sinker
(if used) and of partially immersed wire.

Hardness: The hardness of the developed thermoplastic
composite was assessed using the Shore durometer (MonTech
HT 3000), following ASTM D 2240 [22]. To ensure accuracy,
an average value was calculated based on ten measurements
from each sample.

Flammability test: The flammability of the composites
was assessed using the UL-94 Horizontal Flame Propagation
test [23]. Three standard samples per composite were tested
for flammability, measuring 120 mm × 10 mm × 3.2 mm and
were marked with two lines at distances of 25 mm and 100 mm
from one end. Each sample was horizontally positioned in the
flammability chamber and a controlled bunsen burner flame,
applied at a 45º angle, was used to initiate ignition, sustained
for 30 s. If the specimen continued burning after 30 s, the time
taken for the flame front to travel between the marked lines
was measured and the burning rate was expressed in mm min-1.

Water absorption test: According to ASTM D 570, the
water absorption properties of the produced composites were
assessed [21]. Prior to experimentation, specimens underwent
a preconditioning process in a 60 ºC oven for 24 h to eliminate
residual moisture and their initial weights were measured
precisely. After the initial weighing, composite specimens were
immersed in water. At 24 h intervals, the samples were removed,
wiped and reweighed to determine water absorption. This
process was repeated until reaching a saturation level and the
water absorption percentage was calculated using the following
equation:

n d

d

W W
WA (%) 100

W

−= × (4)

where WA is the water absorption (% w/w); Wn is the weight
of wet specimen after soaking and Wd is the initial weight of
specimen prior to soaking.

RESULTS AND DISCUSSION

In the initial phase, the most efficient and effective method
for extracting fibres was examined. The sunlight drying method
did not effectively remove hemicellulose, pectin and waxes.
As a result, water retting and mechanical decortication emerged
as suitable extraction methods. Upon comparing them, it was
observed that mechanical decortication exhibited a higher
efficiency in fibre extraction. Consequently, mechanical decor-
tication was chosen as the preferred fibre extraction method.

The waste packaging material was characterized using
FTIR-ATR spectrum analysis. The resulting FTIR-ATR spec-
trum of the waste packaging material exhibited features typical
of PE material [24]. It is significant that PE encompasses three
distinct types viz. low-density polyethylene (LDPE), linear low-
density polyethylene (LLDPE) and high-density polyethylene
(HDPE), each distinguished by unique crystalline structures.
These structural variations can be identified through the anal-
ysis of peak intensities in the spectrum. The FTIR-ATR spectrum
obtained is presented in Fig. 1. The FTIR analysis of the collec-
ted plastic indicated the presence of polyethylene through the
identification of doublets at 2914 cm-1 and 2848 cm-1 that
correspond to CH2 asymmetric stretching. Additionally, defor-
mation doublets were observed at 1470 cm-1 and 1465 cm-1

due to bending as well as at 718 cm-1 due to rocking.
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Fig. 1. FTIR spectra of collected plastic material

In Fig. 1, the region between 1340-1380 cm-1 is magnified
within the same FTIR-ATR spectrum. A notable difference in
absorption patterns is evident, revealing three major bands i.e.
band I at approximately 1377 cm-1, band II at 1366 cm-1 and
band III at 1351 cm-1, with assignments to CH2 and CH3 groups.
The differentiation between polyethylene types can be estab-
lished by the relative strengths of these bands. In LLDPE, band
I is weaker than band II. Conversely, in LDPE, band II is stronger
than band I. Notably, in HDPE, band I is entirely absent. The
peak at 1351 cm-1 is a common characteristic among all three
types of PE. According to the obtained FTIR-ATR spectrum
of waste packaging material, the appearance of peaks at wave-
numbers of 1377 cm-1 and 1366 cm-1 with nearly equal intensity
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confirmed that the material is a blend of LDPE and LLDPE
[25].

The FTIR-ATR spectrum of the WHF 4000-700 cm-1 region
is shown in Fig. 2. The absorption peaks observed at 3336 cm-1

for WHF correspond to the hydroxyl group (−OH) [26]. The
WHF exhibits a CH stretching peak at approximately 2914
cm–1. It has been reported that lignin demonstrates a strong
peak at 2920 cm–1, indicating the involvement of lignin aromatic
hydrocarbon, methoxyl and methylene groups [26,27]. The
absorption band observed at 1728 cm-1 in WHF is attributed
to the presence of a carbonyl group (C=O) in the acetyl group
of hemicellulose. The board absorption band at 1604 cm–1

presented to stretching of the benzene ring and –OCH3 groups
in the lignin [28]. 1419 cm–1 were defined as the C–H bending
of amorphous and crystalline cellulose [26,29].
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Fig. 2. FTIR spectra of raw WHF

The peak at 1369 cm-1 was due to the C-OH stretching of
the hydrogen bond intensity of crystalline cellulose. Kabir have
reported that an absorption peak around 1373 cm-1 was obtained
due to the C-OH stretching [26]. The absorption peak at 1317

cm-1 corresponds to OH in-plane bending of cellulose. In addi-
tion, the absorption band at 1247 cm-1 in WHF is assigned to
the C=O stretching of (hemicellulose) [27,28]. The band at
1155 cm–1 assigned to C–O–C asymmetrical stretching (cellu-
lose and hemicellulose) [28]. Absorbance values at 1029 cm-1

represent the presence of C-O [26,30] and O-H stretching vibr-
ation, which belongs to polysaccharide in cellulose [27,28,31].
Glycosidic bonds from polysaccharides showed at 894 cm–1

[28].
The thermal behaviour of the collected plastic waste was

investigated using DSC and TGA as in Fig. 3. The melting points
of LDPE and LLDPE were observed at 110 ºC and 118 ºC,
respectively. The processing temperature was selected to
exceed the melting temperature of the matrix material, as
indicated by the DSC analysis [32,33]. The cooling curve of
the plastic waste showed exothermic peaks at 99 ºC and 107
ºC, corresponding to the crystallization of LDPE and LLDPE,
respectively [25,33].

The TGA curve of the waste packaging material indicates
a singular degradation step, commencing at approximately
397.92 ºC and extending until about 509.27 ºC. As reported in
the literature, LLDPE begins thermal degradation around 400
ºC, while LDPE degrades within the temperature range of 450-
500 ºC [34,35]. Both LLDPE and LDPE exhibit a similar single
step degradation process. This alignment between experimental
findings and established literature further supports the charac-
terization of the waste packaging material as containing LLDPE/
LDPE blend.

The thermal stability of the thermoplastic composites rein-
forced with WHF, formulated with different weight fractions
of the reinforcing material, was evaluated and depicted in Fig.
4. The TGA curve of the matrix without reinforcement exhi-
bited a single degradation step, which corresponded to the
primary degradation process of the material. In contrast, the
WHF reinforced polymer composites displayed thermal stabi-
lity up to approximately 50 ºC. The unreinforced matrix did
not exhibit such thermal degradation around this temperature.
Notably, the slight deviations in the thermograms between 50 ºC
and 220 ºC of the WHF reinforced composites indicated the
removal of physically absorbed water from the samples. The TGA
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Fig. 3. (a) DSC spectra and (b) TGA and DTG curves of waste packaging material
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analysis revealed two degradation steps in the fibre reinforced
composites. The initial step (270-350 ºC) decomposed hemi-
cellulose and cellulose. The second step, linked to PE matrix
decomposition, began around 370 ºC, reaching a maximum
temperature of about 480 ºC.

The tensile strength and Young’s Modulus values for each
prepared composite are illustrated in Fig. 5, along with corres-
ponding standard deviations. The tensile strength of WHF rein-
forced composites was found to decrease with increasing fibre
content. Among the tested compositions, the composites
containing 5% and 7.5% WHF demonstrated the highest tensile
strengths, measuring 8.6 MPa and 8.3 MPa, respectively. The
increase in fibre content resulted in an enlarged weak interfacial
area between the PE matrix and WHF. This weak interfacial
area can be attributed to the hydrophilic nature of water hyacinth
and the hydrophobic nature of the PE matrix as documented
in previous studies [36,37]. Additionally, the incorporation of
rigid water hyacinth particles into the soft PE matrix may contri-
bute to composite brittleness. As a material becomes more
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Fig. 5. Tensil strength and Young’s modulus of WHF reinforced thermo-
plastic with different weight percentages of WHF

brittle, its strength decreases while its stiffness increases. Further-
more, the Young’s modulus of WHF-reinforced composites
displayed an increasing trend. The findings indicate that the
addition of rigid fibres to the soft thermoplastic PE matrix
enhances the rigidity of the composite.

Fractographic analysis was conducted to investigate the
failure mechanisms exhibited during tensile testing of speci-
mens reinforced with 7.5 wt. % WHF. The SEM micrographs
were obtained to examine the fractured surfaces of the speci-
mens. Analysis of the tensile-fractured surfaces utilizing the
electron microscope (Fig. 6) revealed that the thermoplastic
composite experienced failure during the tensile test primarily
due to common failure mechanisms, including poor interfacial
interaction and fibre-matrix de-bonding. The microstructure
of composite exhibited numerous cavities and pulled-out fibres,
indicating weak bonding between the fibres and the polymer
matrix. Consequently, the fracture surface of the composite
predominantly exhibited the presence of pulled-out fibres rather
than fibre breakage. Furthermore, the examination revealed
localized clusters of WHF and patches of PE matrix, which
indicated insufficient dispersion of the fibre material within
the PE matrix. Additionally, minor cracks were observed within
the composite.

WH with

waxes and

Voids

Minor

Debonding

Fibres

Pulled out

of WH

Fig. 6. SEM images of the tensile fractured surface of 7.5% WHF reinforced
tensile fractured surfaces

The flexural strength and flexural modulus values for each
prepared composite are illustrated in Fig. 7, along with corres-
ponding standard deviations. It was observed that the flexural
strength and flexural modulus exhibited a gradual increase with
increasing fibre loading. Notably, the composite containing
12.5% WHF displayed the highest flexural strength and flexural
modulus, with values of 10.1 MPa and 210.5 MPa, respectively.
This improvement in flexural properties can be attributed to
the effective reinforcement and stress transmission from the
thermoplastic matrix to the incorporated WHF. Furthermore,
the increase in flexural strength can be ascribed to the improved
interaction between the fibres and matrix, particularly under
compressive stresses experienced during bending. This enhanced
interaction occurs within the transverse section of the flexural
specimens, regardless of the surface condition of the fibres, as
supported by previous research [38]. These findings suggest
that an appropriate amount of fibre loading can enhance the
flexural properties of thermoplastic composites reinforced with
WHF.
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The Izod impact results of each weight percentage of WHF
reinforced composites are shown in Fig. 8. The capacity of a
material to withstand the application of high-speed fracture
under stress is known as impact strength. The total toughness
of composite material is strongly correlated with their impact
characteristics [39,40]. The Izod impact strengths of WHF rein-
forced composites were increased with increasing WHF wt.%.
Significantly, the composite with 12.5% WHF demonstrated
the highest impact strength at 26 J m-1 compared to other WHF-
reinforced composites. The impact strength of the 12.5% WHF-
reinforced composite surpassed that of the control sample. These
results indicate that an increase in WHF loading contributes
positively to energy absorption. The density measurements of
the prepared composites are presented in Fig. 9.

The control sample, which contained 0% WHF, exhibited
a density of 0.93 g cm-3. As the WHF content increased, the
density values of the composites decreased. Specifically, the
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density of the thermoplastic composite reinforced with WHF
ranged between 0.89 and 0.93 g cm-3. This observation may
be attributed to the low density of WHF or voids in the prepared
composites, as discussed in the fractographic analysis. In com-
parison, a previous study reported the density of WHF as 0.226
g cm-3 [16]. The density of this particular fibre is remarkably
low when compared to that of other synthetic fibres. Based on
this value and the obtained results, it can be concluded that
polymer composites reinforced with WHF are suitable for
lightweight applications.

The shore D hardness values for each prepared composite
are illustrated in Fig. 10, along with corresponding standard
deviations. The resistance of the composites to permanent
indentation was evaluated using the hardness (shore D) test
[41]. According to the results, the hardness of composites has
increased gradually with increasing fibre loading.
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composite with different weight percentages of Water hyacinth fibres
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When selecting a material for a specific application, it is
important to consider its susceptibility to water absorption, as
it can potentially lead to a decline in certain desirable properties
[37]. To assess this, the weight growth percentages and water
absorption were calculated at regular intervals. Fig. 11 presents
a comparison of the changes in weight increase percentages
over time for thermoplastic composite specimens reinforced
with water-immersed WHF, incorporating various WHF load-
ings.
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Fig. 11. Moisture absorption percentage of WHF-reinforced thermoplastic
composite with different weight percentages of WHF vs. time (h)

Upon reaching an equilibrium state, the rate of water absor-
ption in the tested samples exhibited gradual reduction, follow-
ing an initial period of accelerated absorption within the first
few days (0-48 h). Notably, the equilibrium state is observed to
be achieved after 144 h. The results indicate a positive corre-
lation between the weight percentage of WHF and the extent
of moisture absorbance, with higher WHF weight percentages
leading to increased water absorption. Among the WHF-rein-
forced composites, the thermoplastic composite with a 12.5%
WHF loading demonstrated the highest water absorption
percentage, reaching 2.74%.

Natural fibre-reinforced polymer composites have the
ability to absorb moisture/water from the surrounding atmos-
phere due to the presence of hydroxyl groups within the natural
fibres, as suggested in prior studies [42,43]. In this study, the

experimental results have shown that the hydroxyl group content
of WHF reinforced thermoplastic composite increased with
increasing WHF content, leading to an increase in water absor-
bance. This phenomenon is further influenced by the increase
in micro voids with increasing fibre load [37]. Examination
of the SEM micrographs obtained to examine the fractured
surfaces of the specimens can provide further insight into the
impact of micro voids on moisture absorption.

The summarized findings of the flammability tests are
presented in Table-1. The results indicate that the burning rate
of composites reinforced with WHF exhibited an increase as
the weight percentage of WHF increased. The reason for incre-
asing flammability is the combustible nature of cellulosic
fibrous materials [44].

TABLE-1 
RESULTS OF FLAMMABILITY TESTS PERFORMED ON  
PE THERMOPLASTIC COMPOSITES USING VARIOUS  
WEIGHT COMPOSITIONS OF WHF REINFORCEMENT 

Sample name with  
WHF weight percentage 

Burning rate (mm min-1) 

0.0% WHF 28.7 
5.0% WHF 30.9 
7.5% WHF 31.5 

10.0% WHF 31.4 
12.5% WHF 31.6 

 
Comparative analysis of physico-mechanical properties

of novel composite materials with commercial alternatives:
The results of the current research study were compared with
those of commercially available products and findings from
related research articles, as summarized in Table-2. The tensile
strength of WHF reinforced PE composites was determined
to be higher than that of the referenced commercially available
products and other sources in the comparison [45]. The flexural
strength results from the current study fall within an accep-
table range when compared with other sources [45-48].
Additionally, the water absorption value of the WHF reinforced
PE composite was found to be lower than that of the referenced
commercially available products and other sources in the com-
parison.

Conclusion

Based on the results of thermal and FTIR analyses, the
plastic material composition was identified as a blend of LDPE
and LLDPE. The experimental data revealed a decreasing trend

TABLE-2 
PHYSICAL PROPERTIES AND MECHANICAL PROPERTIES OF OTHER TYPES OF PRODUCTS 

Properties 
Water hyacinth 
fibre reinforced 
PE composite 

Commercial wood 
particleboard-

general purpose 
Trilite ceiling 

Medium-Density 
Fibreboard from 

giant bamboo 

Palm rachis 
particleboard  
(1-0.25 mm) 

Asbestos  
ceiling board 

Tensile strength (MPa) 8.4-6.7 6 NA 0.10-0.26 NA NA 
Young’s modulus (MPa) 5.6-10.1 1800 5000-6000 NA NA NA 
Flexural strength (MPa) 8.3-10.35 11.5 12.1-17.1 9.28-11.10 13.97 1.0-3.0 
Flexural modulus (MPa) 139-210.5 550 NA 877.45-1297.51 1567.16 NA 
Shore hardness (HD) 44-47 NA NA NA NA NA 
Density (g cm–3) 0.89-0.92 0.5-0.8 1-1.05 0.84-0.76 0.856 1.5-1.95 
Water absorption (%) 0.78-2.74 70 35 14.91-28 85.91 0.5-3 
Ref. Present study [45] [47] [46] [45] [46] 

 
[45] [47] [46] [45] [46]
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in tensile strength with increasing WHF content. However,
the flexural and Izod impact strengths showed positive improve-
ments when WHF was used as a reinforcement in thermoplastic
composites. The density of WHF-reinforced polymer composites
decreased with increasing WHF content. The water absorption
of the composite increased with the inclusion of WHF, attri-
buted to the increased presence of hydroxyl groups and micro
voids. Additionally, the burning rate of the composites increa-
sed with increasing WHF content. Overall, the 5%, 7.5% and
10% WHF-reinforced composites exhibited optimum mecha-
nical properties compared to other compositions. The results
of this study highlight that the developed composite possesses
properties comparable to those of commercial particleboards
and aligns with reported findings. This study underscores the
promising potential of utilizing WHF to create value-added
high-quality composite materials. The use of an invasive aquatic
weed for value-added applications not only contributes to
managing the disposal of the aquatic weed using unsustainable
methods such as open burning but also provides a valuable
natural fibre source for material development.
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