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Plant fiber composites are currently experiencing strong development,
particularly due to the growing interest in them in the automotive
industry. These fibers are an excellent alternative to glass fibers from the
environmental point of view due to their biodegradability and their much
more neutral combustibility in terms of the release of harmful gases or
solid residues. However, the incorporation of cellulosic materials into
the thermoplastic matrix affects a large number of properties. Many
factors, such as the nature and rate of the incorporated filler, can
influence the properties of the composites. The present work involves
studying the effect of the particle size of a natural fiber on the properties
of a polymer matrix. The plant fibers used are DISS fibers ground into a
powder with a particle size of less than 63um. Different formulations
based on HDPE/Diss were prepared with different amounts of the filler
(10%, 20% and 30%). The HDPE/Diss composites were first processed
using a calender, then molded into samples of various shapes with a
thickness of 3 mm by compression at 190 °C. These were characterized
by various techniques: physical tests, mechanical tests, rheological and
morphological tests.
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1. Introduction

As an alternative to metals and ceramics,
polymer materials have the potential to reduce

weight, enhance part performance, and possess
a wide range of distinctive properties that are
beneficial in adiverse range of applications [1].

“Corresponding author: b.dairi@univ-skikda.dz

QOB 3


mailto:b.dairi@univ-skikda.dz
http://www.ijche.com/
https://orcid.org/0000-0002-5808-5487

Dairi et al. / Iranian Journal of Chemical Engineering, Vol. 22, No. 2, 3-11, (2025)

The dramatic increase in demand for produced
products prompts the development of
composite materials offering new
opportunities for advanced technology [2]. The
use of natural resources in composite materials
Is becoming increasingly common. For this
reason, studies are dedicated to the
valorization of lignocellulosic materials
derived from wood and natural fibers as fillers
in plastic matrices [3].

The plant fiber used in this work is "Diss,"
which belongs to the grass family. The Diss
plant is widespread in the Northern
Mediterranean, Africa and arid regions from
Greece to Spain. In the past, this plant was
used in the construction of houses due to its
mechanical properties. Diss grows in the wild,;
it is an annual plant that is highly available
along the entire Algerian coast and extends
more than 100 km inland. The use of these
fibers has traditionally been limited to making
baskets, tying vine branches, or crafting street-
sweeping brooms. From a technological,
economic, and ecological perspective,
incorporating these fibers into composites
helps preserve non-renewable resources and
opens up new markets [4,5]. The incorporation
of cellulosic materials (Diss fibers) into the
high-density polyethylene matrix affects a
wide range of properties. Several factors,
including interfacial adhesion, filler fraction,
and the nature and size of the particles,
determine the performance of the composite.
[6].

The main objective of this thesis is the
development and characterization of a
composite material based on high-density
polyethylene (HDPE) used as a polymeric
matrix reinforced with Diss particles.

2. Experimental procedure

The high-density polyethylene of type PEHD
5502, with a melt flow index of 0,27-0,43 g/10
min/10min is produced by the CP2K complex

4

(Skikda). In addition, Diss flour is used as a
filler in the preparation of the composite.

2.1. Blend preparation

The pre-mixing of HDPE/DF composites with
different contents of Diss particles (10%, 20%,
and 30%) is carried out in a two-roll mixer from
the IQAP LAP brand at the "CP2K, Skikda"
unit. The rotation speed of the two rolls is set
at 32 rpm, and the temperature is maintained at
170°C. After 12 minutes, the 1 mm thick
composite films are recovered, which will be
used to prepare the different samples using the
compression molding process.

After the mixing process, we obtained a blend
of HDPE and Diss particles, which we cut into
small pieces (2 to 3 cm) using a manual cutter.
These pieces were then placed into molds to
fabricate samples in the form of dumbbells and
squares, which would be later be used in
various characterization tests.

The films obtained from the mixing process
were cut and then placed between the plates of
a CARVER hydraulic press. They were heated
to a temperature of 190°C for 15 minutes,
including 7 minutes for preheating and 8
minutes for compression and degassing. When
they came out of the press, the samples were
cooled in the open air and then carefully
removed from the mold. Sheets with various
shapes and a thickness of 3 mm were
produced, from which samples for different
characterization tests were cut.

Table 1.

Formulations of HDPE/ Diss particles.
Percentage of Diss 0 10 20 30
particles (%6).

Parentage of 100 90 80 70
HDPE (%0).
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2.2. Characterization

2.2.1. Tensile test

The mechanical properties at the break of the
samples are measured using a TesT GmbH
tensile testing machine at room temperature.
The samples are cut in a dumbbell shape of
type "H" with dimensions of 3 x 20 x 100 mms,
following the ASTM D638 standard. The
strain rate is set at 20 mm/min.

2.2.2. Shore D hardness test

According to the ASTM D-2240 standard, 3
mm thick plate samples are prepared using a
press and then being placed under the
penetrator. By operating the lever arm until the
steel ball or diamond cone penetrates, the value
indicated by the device can be read. Three
tests are conducted at different points, and the
average value is calculated.

2.2.3. 1ZOD impact test

The most common method is known by the
reference 1ZOD (I1SO 180). It is widely used in
the United States (ASTM D- 256), however in
France, it is limited to the characterization of
polystyrene (T51-911, identical to the ISO 180
standard and similar to the ASTM D256
standard).

2.3. Measurement of the fluidity index

The principle of this test is to measure the mass
of the molten thermoplastic material
passing through a die over a certain period of
time under the action of a defined load applied
to the piston. The melt flow index, expressed
in g/10min, provides information about the
polymer's viscosity and, therefore, its
molecular mass. The melt flow index was
determined using an extrusion plastometer
(rheometer) containing a barrel heated at
190°C. A 3g sample of the material to be
analyzed is introduced into the barrel, and it
is pushed toward the die by a piston loaded

with a weight of 2.16 kg, according to the
standard: ISO 1133.

2.4. \Water absorption test

The water absorption test involves drying the
samples in an oven at 80°C for 24 hours. After
drying, the samples are weighed using an
analytical balance with a precision of 0.0001g.
The samples are then immersed in distilled
water at room temperature. Their weight gain
percentage is measured every 24 hours,
representing their water absorption percentage
during that period. Every 24 hours, the samples
are removed from the water and quickly dried
to remove excess surface water. Their weight
is recorded within 10 to 15 seconds to
minimize errors due to evaporation. The
difference between the weight after each 24-
hour immersion and the initial dried weight
from the oven, relative to the initial dried
weight, is used to determine the water
absorption of the composite for that day. This
value is recorded for 10 days to observe the
trend in water absorption in the composites.

2.5. Determination of density

The apparent density is measured by the
psychometric method, according to the NFT
51- 063 standard. Distilled water is used as the
displacement solvent, ensuring the good
wettability of the sample. To study the
morphology of the materials and verify the
dispersion of fibers in the composite materials,
optical microscopy is used to take surface
photos of the obtained films. The equipment
used is an optical microscope from OPTIKA
Microscopes, ITALY.

3. Results and Discussion

3.1. Tensile test

3.1.1. Evolution of the tensile strength

Fig 1 illustrates the evolution of the tensile
strength for PEHD/Diss composites as a
function of the filler content.
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Figure 1. Evolution of the tensile strength of
HDPE/DF composites as a function of the loading
rate.

A decrease in tensile strength is observed for
the various composites filled with Diss
particles compared to HDPE. This decrease
becomes more pronounced as the filler content
increases. These results are predictable and
align with numerous studies, such as those by
S.M.B. Nachtigall et al. [7], Demir et al. [8],
Khalid et al. [9], and Kaci et al. [10]. They
attributed this decline to the reduction in
bonding strength between the fiber and the
matrix, which hinders stress propagation. This
can be explained by the tendency of Diss
particles to cluster together, forming
agglomerates that create heterogeneities and
lead to non-uniform stress transfer within the
matrix. Consequently, this results in the
embrittlement of the composite material.

3.1.2. Evolution of elongation at break

Fig 2 illustrates the evolution of the elongation
at break for PEHD/Diss composites as a
function of the filler content.
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Figure 2. Variations in the elongation at break of
HDPE/DF composites developed depending on
the charging rate.

A significant decrease in elongation at break is
observed as the Diss particle content increases.
Pasquini et al. [11] explained this decrease, on
one hand, by the hydrophilic nature of Diss
flour, which absorbs more moisture and causes
swelling within the HDPE matrix, leading to
material embrittlement. On the other hand, the
increasing volume occupied by the filler
particles creates defects in the system and
reduces cross-chain interactions, resulting in a
ductile-to-brittle transition in the material's
behavior.

3.1.3. Evolution of Young’s modulus
Fig 3 illustrates the evolution of the Young's
modulus of HDPE/Diss composites as a

function of the filler content.
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Figure 3. Variations in the young’s modulus of
HDPE/DF composites as a function of filler
content.
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It is observed that the introduction of Diss
particles into the HDPE matrix increases the
material's stiffness. In other words, the
Young's modulus increases from 365.39 MPa
for pure HDPE to 470.12 MPa, 498.99 MPa,
and 701.25 MPa for composites containing
10%, 20%, and 30% Diss flour respectively.
This behavior has been attributed to the rigid
phase of the dispersed Diss fibers, which
enhances the stiffness of the polymer matrix.
As shown in Fig.3, the elastic modulus
increases significantly with higher filler
loading. This mechanical property depends on
the rigidity of the pistachio shell flour
incorporated into the HDPE matrix [12].

3.1.4. Shore D hardness

It is observed that the incorporation of Diss
flour into the high-density polyethylene
(HDPE) matrix (Fig 4) is accompanied by an
increase in the hardness of PEHD/Diss
composites. This increase becomes more
significant as the filler content rises. These
results are predictable since Diss flour consists
of microfibrils of cellulose, which are classified
among hard fibers. This hardness translates
into the difficulty of the durometer needle
penetrating the composite material. Bouafif,
H., Koubaa, A., Perré, P., & Cloutier [13]

confirmed this outcome.
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Figure 4. Evolution of the Shore D hardness of
HDPE/DF composites asa function of charge rate.

3.1.5. 1ZOD impact resistance

It is observed that the presence of Diss particles
in HDPE reduces the impact strength from 222
J/m for pure HDPE to 22.66 J/m, 19 J/m, and
16 J/m for PEHD/Diss composites with the
contents of 10%, 20%, and 30% of the filler
respectively. This decrease can be explained
by the incompatibility between the matrix and
the Diss particles, which weakens the adhesion
between the two phases, making the system
more fragile and leading to the reduction in the
impact resistance of the composites.
Additionally, the incorporation of Diss flour,
which has higher stiffness than HDPE,
significantly increases the rigidity of the
composite material, further contributing to the
decrease in impact resistance. These results are
consistent with the ones presented by
Petchwattana et al. [14] and Zheng et al. [15].
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Figure 5. Evolution of the IZOD impact strength
of PEHD/Diss composites as a function of the
filler content.

3.2. Rheological characterization

3.2.1. Melt Flow Index: MFI

According to Fig 6, it is observed that the melt
flow index for different HDPE/Diss
composites is lower than that for virgin HDPE.
The increasing addition of different amounts
of the Diss filler for HDPE is associated with
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the decrease in the melt flow index. This is due
to the presence of solid reinforcing particles
that can constitute an obstacle to the free
movement of macromoleculars, i.e. the
transformation from a flexible material to a
rigid material and preventing the flow of the
material. These results are consistent with the
ones reportred by M.N. ICHAZO et al [16].
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Figure 6. Evolution of the fluidity index of
HDPE/DF composites according to the filler
content.

3.3. Physical characterizations

3.3.1. Density

The measurements revealed that the density of
the Diss fibers is approximately 0.7894 g/cm?.
In this regard, the incorporation of Diss
particles into polyethylene leads to the
production of low-density composites. The
density profiles of HDPE/Diss composites
decrease progressively as the filler content
increases from 0.95 for pure HDPE to 0.78,
0.69 and 0.56 for HDPE/Diss composites at the
contents of 10%, 20% and 30% of the content
respectively [17].
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Figure 7. Evolution of the density of HDPE/DF
composites as a function of the filler content.

3.3.2. Water absorption test

The evolution of water absorption in
HDPE/Diss flour composites as a function of
time over a 10-day immersion in distilled
water is illustrated in Fig. 8. The experimental
curves clearly show that water uptake
increases with both immersion time and filler
content. This behavior is attributed to the
cellulose-rich composition of the filler, which
contains hydroxyl (-OH) groups capable of
forming hydrogen bonds with  water
molecules. As a result, higher filler content
leads to greater water absorption.

For the formulations with 10, 20 and 30% of
Diss flour, the weight gains are respectively
estimated at 1.63%, 1.96% and 4.31% after
10 days of immersion inwater. It is found that
the hydrophilic character of the fibers is
responsiblefor water absorption. For the
unreinforced  formulation (Virgin HDPE), a
weight gain of only around 0.03% is recorded
in 24 h, and does not exceed 0.46% after 10
days of immersion in water. This result is
expected, due to the polarity of high-density
polyethylene, which gives it the hydrophobic
character. These values are confirmed by S.
Boufi et al. [18] and T. Masri,et al. [19].
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Figure 8. Evolution of the rate of the water
absorption of HDPE/DF composites depending on
the immersion time.

3.4. Analysis of morphology by optical
microscopy

The changes induced by the incorporation of
10%, 20%, and 30% of the mass of Diss
particles into the virgin high-density
polyethylene (HDPE) matrix are observed
using optical microscopy. The images
obtained for the different formulations of virgin
HDPE and HDPE/Diss with different contents
(10%, 20%, and 30%) of the Diss filler are
presented in Figure 9.

(d)

Figure 9. Optical microscopy micrograph of the
surface of (a) virgin HDPE and HDPE/Diss
Composites ((b) 10%, (c) 20%, and (d)
30%,respectively).

The micrographs of the composites in Fig 9,
corresponding to the incorporation of 10%,
20%, and 30% of the mass of Diss flour into
the HDPE matrix, clearly depict a
heterogeneous and irregular surface, along
with the presence of the aggregates of Diss
particles that are completely separated from
the high-density polyethylene matrix. These
aggregates increase in number as the
percentage of Diss particles incorporated into
the HDPE matrix rises. This phenomenon is
due to the incompatibility of the two phases,
resulted from the weak interfacial adhesion
between the hydrophilic Diss flour and the
hydrophobic HDPE. These results are in good
agreement with those reported by EI-Shekeily
et al., Al Maadeed et al., and Panaitescu et al.
[20- 22].

4. Conclusions

The study conducted in this work aimed to
develop composites (filler/matrix) produced
through processing techniques, including a
two-roll mixer followed by compression
molding. The composites consist of a high-
density polyethylene (HDPE) matrix and Diss
flour with the particle size of less than 63 um,
at the weight fractions of 10%, 20%, and 30%.
The obtained composites are then
characterized by determining their physical,
mechanical, rheological, and morphological
properties. The analysis of the experimental
results allowed us to draw the following
conclusions: The rheological characterization
by measuring the fluidity index made it
possible to deduce that the melt flow index of
HDPE/Diss composites decreased as a
function of the loading rate. The mechanical
characterization of the HDPE/Diss composites
revealed an increase in Shore D hardness
compared to pure HDPE, along with a decrease
in resilience as the filler loading increased.The
stress and strain at break decrease, while the
Young’s modulus increases progressively. The

9
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physical characterization by measuring density
and water absorption allowed deducing that the
density of HDPE/Diss composites is
significantly lower than that of virgin HDPE.
The increase in the rate of water absorption
depends on the immersion time and the
concentration of Diss particles. Further
research is needed to functionalize the natural
filler (Diss flour) to enhance its compatibility
and uniform distribution within the HDPE
polymer matrix and study the thermal
properties.
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