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Abstract — The use of natural fibers in the development of composite materials is a sector in full expansion.
These fibers were used for their low cost, their availability and their renewable character. The fibers of
the palm (palm tree) were used as reinforcement in polypropylene (PP). The date palm fibers have some
potential because of their ecological and economic interest. Both unmodified and compatibilized fibers are
used. Compatibilization was carried out with the use of maleic anhydride copolymers. The morphology
and mechanical properties were characterized by electron microscopy scanning (SEM) and tensile tests.
The influence of fiber content on mechanical properties of composite PP/date palm has been evaluated
and demonstrated, that the maximum stress and elongation decreases with increasing fiber volume rate.
On the other hand, an increase of the tensile modulus has been noticed, but after the fibers improvement,
the maximum stress increases significantly up to 25% weight.
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1 Introduction

In the field of composite materials, the polymer matri-
ces strengthening by fibers was initially developed using
the synthetic fibers and man-made fibers such as glass,
carbon, aramid, etc. to take advantage of their high spe-
cific modulus [1]. During recent years, much work has
been dedicated to natural fibers to replace man-made
fibers [2]. Many reasons support this choice as their char-
acter renewability, biodegradability and their low density.
Among the natural fibers that have undergone special
attention, the fibers of kenaf [3], sisal [4], jute [5], and
abaca [5], etc. were investigated.

Most composite materials used in different sectors are
mainly manufactured using thermosetting matrices. The
disadvantages arising from their use include the fragility,
the durability and repair inability /or damaged parts re-
cycling. These disadvantages have led to the development
of thermoplastic composites.

By comparing with thermo-hardening, thermoplastics
have a deformation at break greater, faster to melt and re-
tain the ability to be recycled if necessary. Polypropylene
(PP) is the first synthetic polymer that reaches indus-
trial importance due to its low cost and high mechanical
properties.

# Corresponding author: mahmoudi.noureddine@yahoo.fr

After each harvest season, the leaves of date palms
rich in fiber are discarded or burned, except for that lit-
tle quantity is used by the cottage industry. These fibers
exhibit mechanical properties which can be used in tech-
nical areas, unlike vegetal fibers difficult to procure. The
abundant availability of these fibers, natural biodegrad-
ability, neutrality towards COs emissions into the atmo-
sphere and requiring little energy to be produced with a
low bulk density and rate absorption of high water that
exceeds 200%, thus leaving more advantageous compared
to other fibers. But after the results of Kriker [6], their
tensile strength and elongation at break fall with time of
immersion. These results are in agreement with those of
Toledo et al. [7]. Protection fiber has been considered by
treating the fiber and the change in its matrix [8].

Cellulose is the essential element in definition of resis-
tance [9], the literature [3-6,10-13] shows that the palm
leaves fibers have rates cellulose and hemicellulose rel-
atively low compared to those of sisal fibers. For cons,
the rate of cellulose and lignin is similar to those of coco
fibers.

Fung et al. [14] have shown that the incorporation of
10% by weight of sisal fibers improves the Young’s mod-
ulus by 150% and the tensile strength of 10%. Vilaseca
et al. [15] showed that in the composites PP /abaca the
tensile strength and Young’s modulus increase with the
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increase of abaca. Therefore the rigidity of the compos-
ite, the elongation at break decreases significantly with
the addition of abaca fibers. Bhattacharyya et al. [16]
showed that the addition of wood fiber composite plates
with polypropylene matrix improves the tensile modulus
up to 250% with a mass fraction of 25-30% fiber.

Date palm fibers are used in many technical fields such
as the field of buildings, infrastructure, furniture, packag-
ing, boxes, rollover, sport, leisure and even in the auto-
motive and aerospace, etc.

The aim of this study is studied the effect of adding
the fibers of date palms in a polypropylene matrix on the
mechanical behavior of this material.

2 Experiment
2.1 Material

The fibers used are vegetal fibers rushes date palm.
These fibers have a light brown color and a circular section
with a diameter ranging from 0.20 to 0.70 mm, a density
of 1540 kg.m 3 and a humidity of 10%. The length of the
fibers used is 10 mm and 0.5 mm wide. The fibers were ob-
tained by grinding and screening date palm rushes. These
fibers were then extracted in a Soxhlet at reflux with a
solvent mixture acetone/ethanol (75/25 v/v). The fibers
were then depigmented dried at 80 °C for 2 h.

The thermoplastic polymer used in our study is
polypropylene (PP). It is in the form of granules white
in color. Its density is 0.96 g.cm™ and a flow index
(190 °C/2.16 kg) of 40 g/10 min.

The coupling agent used for composites based on PP
is PPgMA. The PPgMA OVERAC CA 100 is used to
Atofina, with a flow index 10 g/10 min and a density
of 0.909 g.cm™3. PEgMA is a terpolymer of ethylene,
vinyl acetate and maleic anhydride Atofina, containing
less than 2% by weight of MA.

2.2 Preparation of composites

Date palm fibers are mixed with the PP using the com-
pounding method “Micro-Compounder Xplore (DSM)”.
Mass fractions of several fibers (fibers of increasing pro-
portions from 0% to 30% in steps of 5%). Palm fibers
and thermoplastic polymer were introduced into a mixing
chamber with a speed of up to 40 rev.min~! for 10 min.
After obtaining the mixture, a hot press is used to make
test specimens. One takes a sufficient amount of the mix-
ture and setting in a mold (form tensile specimens) trough
the two faces, then pressing the material into the mold at
a temperature of 130 °C, gradually increasing the pres-
sure up to 5 ton and expected distribution and dispersion
of the material in the mold for 8 min. In the end, press it
cooled to 40 °C at the same pressure (5 tons) to give the
tensile specimens according to ASTM D638. Tensile tests
are performed using a INSTRON tensile testing machine

at a loading rate of 0.5 mm.min~!.
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Fig. 1. Variation of the maximum strength according to the
fiber rate.

The dry fibers of the palm and coupling agent were
mixed with the thermoplastic matrix with different pro-
portions (from 0 to 30%) to study the effect of the amount
of coupling agent on the properties of composite. The re-
inforcement content is chosen to 30% by weight and 10%
by weight of the coupling agent quantity, based on the
results obtained by Mutjé et al. [17].

The scanning electron microscopy (SEM) “JSM-5610”
was used to study the morphology of the different ma-
terials and observe the interface reinforcement/matrix.
The specimens were quenched in liquid nitrogen, bro-
ken, mounted on sample holder, coated with a solution
of gold/palladium and observed using a voltage of 10 kV.

3 Results and discussion
3.1 Effect of the date palm fibers addition

Tensile tests were conducted by varying the rate of
reinforcement at a speed of 0.5 mm.min~! biasing. They
showed that the addition of palm fibers of dates has
changed the behavior of polypropylene.

Figure 1 shows the effect of the addition of polypropy-
lene fibers (treated and not-treated) on the tensile prop-
erties of the composite.

The fiber reinforced palm dates (not-treated) showed
a decrease of tensile strength by increasing the rate
of reinforcement which is consistent with other re-
searchers [18-20]. As the fiber content increases, the weak
interfacial bonds of the surface of the fiber with the ma-
trix increase, and therefore the tensile strength decreases.

Thwe et al. [18] showed that the decrease in tensile
strength is attributed to the low adhesion between the
fibers and the matrix, which promotes the formation of
microcracks at the interface. High fiber content may cause
the formation of porosities during injection, which leads
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to the formation of micro cracks during the test and sub-
sequently the reduction of tensile strength.

Saturation of the reinforcement increases gradually
with the progress of the resin front. In the case where
saturation is not complete, there is then the presence
of faults, called porosities. These are usually air bubbles
trapped in the resin which combine to form air pockets
and permanent, to a lesser extent, the gases dissolved
in the resin [21]. Studies by Patel et al. [22] and Chen
et al. [23] show that these porosities can be microscopic
in size and take place in the strands, or can be of macro-
scopic size and then find between the strands. The per-
centage of porosities and their distribution can be linked
to several parameters intrinsic material and injection: the
viscosity and the capillary pressure of the resin, the re-
inforcement porosity and the front resin local speed. Ex-
perimental studies show that the resin front speed is an
essential mechanism of impregnation of the reinforcement.
So when the resin front velocity is low, the capillary forces
dominate over viscous forces. This leads to a preferential
progression in the resin inside the wicks of the reinforce-
ment and therefore the creation of macroporosities be-
tween these wicks. In the opposite case, for a high speed
front, the capillary forces are negligible compared to vis-
cous forces. The resin envelops the strands without hav-
ing to impregnate the time, resulting in the formation of
micro porosities between the fibers within the strands.

The fiber-reinforced composites resistance depends on
the degree in which the applied load is transmitted to the
fibers. If the fibers are short with respect to their critical
length, the fibers up out of the requested matrix com-
posite breaks and for low loads. The tensile strength of
all composites studied is less than that of polypropylene
because they made no treatment to improve the adhe-
sion between the fibers and the matrix [24]. The ultimate
stress of each composite depends on several factors; the
main ones are the properties of the reinforcement, matrix
and fiber volume fraction. The fibers mechanical proper-
ties, as the initial modulus and tensile strength, are re-
lated not only to the fibers chemical composition but also
to their internal structure [25].

Several strategies were discussed to improve adhesion
between the fillers and the polymer matrix [26]. Mod-
ification of fibers and/or matrix is made by physical
and chemical methods. The simplest method is the use
of graft copolymers based on maleic anhydride, such as
maleated polypropylene as compatibilizing agent to im-
prove the interfacial compatibility. Improvements in me-
chanical properties and moisture resistance are generally
obtained when maleinized copolymers are used as count-
ing [27-30]. The maleated polypropylene was used as com-
patibilizing agent for the various PP-based composite as
organic matrix.

3.2 Effect of the addition of date palm fibers
after adding the coupling agent

Figure 1 also shows us the evolution of the maximum
stress as a function of volume fraction fibers treated by
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Fig. 2. Variation of the Young modulus according to the fiber
rate.

the compatibilizer, for reinforced composites with 30%
by weight of fibers. Note that the maximum stress in-
creases with increasing reinforcement rate, which allows
us to say that the introduction of compatibilizer in the for-
mulation leads to improved mechanical properties. This
improvement is attributed to better adhesion obtained
following the introduction of the coupling agent which
results in better stress transfer between the PP matrix
and reinforcements. However, it is clearly observed the
existence of a critical content of compatibilizer, between
5 and 25 wt%, beyond which there is a decrease of the
stress. The amount of compatibilizer is probably sufficient
to coat the fibers. The excess of compatibilizer acts as a
plasticizer for the system.

Figure 1 also shows that the maximum stress for the
treated material is lower than that for the non-treated
material from 0% to 5%, due to the importance of the
amount of the resin malleable. Starting from 5%, the max-
imum stress increases to the excess over the untreated
materials maximum stress, agreeing well with the theory
of the laws of mixtures.

3.3 Young's modulus

Figure 2 shows that the Young’s modulus increases
with increasing weight percentage of fibers incorporated
for both materials (treated and not-treated), for during
tension loading porosities were created partially sepa-
rated, which blocked the stress propagation between the
fibers and the matrix [31]. When the fiber fraction in-
creases, the degree of blockage increases, which conse-
quently increases the stiffness [24], which is consistent
with other researchers [18-20, 32] and theoretical pre-
dictions of the laws of mixtures, according to Andonian
et al. [33], the Young’s modulus depends on the Young’s
modulus of the matrix and that of the fibers. This finding
is also justified by works of Khenfer and Morlier [34].
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Fig. 3. Observation of the texture of fiber of the palm tree by
SEM.

Fig. 4. Transverse section of fiber of the palm tree under SEM
(120 pm).

4 Study of microstructure
4.1 Fiber texture

The examination of the texture of the fibers used by
SEM is presented in Figures 3 to 7.

Figure 3 shows the texture of the fiber, the diffraction
of fiber by X-ray powder claims the palm fiber is amor-
phous. Figure 4 shows the cross section of the fiber used
indicating rigid cross section, unlike cellulose fibers which
have a hollow section [34].

Bledzki and Gassan [35], in their study of plant fibers,
have noticed that the resistance depends on the spiral
filaments form; they find that the wide spiral fibers have
high deformability, but a low resistance, while the fibers
have a low angle spiral low deformability and resistance.
Fiber date palm has a solid section (poor spiral angles)
with respect to flax fibers containing a large angle.

The actions of the man and the machines, in the
agroindustrial transformations, multiply of defects for
some fibers like flax [36]. Then, during the processing of
textile surfaces many defects appear and there is an am-
plification of their volume. Then the defects are largely
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Fig. 5. Longitudinal section of fiber of the palm tree under
SEM.

Fig. 6. Observation of the pores in fiber of the palm tree by
SEM.

responsible for the mechanical characteristics heterogene-
ity of the vegetal fibers and causing ruptures of fibers dur-
ing mechanical solicitations, but in the case of date palm
fibers their preparation is simple which reduces defects.

Figure 5 shows that the fiber consists of very small
filaments containing a set of slips (in the form of pages
of books) oriented in the longitudinal direction. The pres-
ence of the pores in the fiber has advantages and disadvan-
tages, among the advantages pore structure contributes
to better adhesion between the fiber and the matrix, as
the resin enters the pores, thereby increasing the material
properties, but the presence of humidity in the pores de-
creases the fiber properties over time [6-37], then the pro-
tection of the fibers has been considered by treating the
fiber and the matrix modification to decrease the degra-
dation of the fibers properties [8].

The disordered sheets allow the flexibility of the fila-
ment. In addition there is the presence of some pores in
the fiber which shows it is hydrophilic (Fig. 6). Accord-
ing to Figure 7, the fiber has tangles, which provides good
fiber-matrix adhesion.
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Fig. 7. Observation of a tangential sight of fiber of the palm
tree by SEM.

4.2 The face fiber-matrix

Figures 8a—c show the SEM micrographs performed
on fracture surfaces of composites based on PP. For non-
reinforced materials, that is the thermoplastic matrix
(polypropylene) (Fig. 8a), the fracture surface is rather
smooth indicating a brittle fracture of polymers.

The SEM micrographs for composites containing un-
modified fibers, shown in Figure 8b clearly indicate that
the adhesion between the fibers and polymer matrix is
low. This is clearly demonstrated by the absence of any
physical contact between the two components. The fibers
are extracted from the thermoplastic matrix after rupture
of the material. On the other hand, the rupture of sam-
ples failed to break the fibers of date palms, it is clearly
observed the appearance of porosities in the form of holes
due to loosening of the matrix fibers. The low polarity of
the thermoplastic matrix and the high surface energy of
cellulose fibers are responsible for the lack of compatibil-
ity and lack of contact between the matrix and reinforce-
ment.

In contrast, for modified composites that is for which
the coupling agent was introduced by SEM analyzes show
that these agents improve the adhesion between polymer
matrix and the fibers of palm (Fig. 8c). Based on these
observations by SEM, it is likely to obtain better mechan-
ical properties for composites in which the coupling agent
is introduced.

5 Conclusion

In this work, a development of matrix composite re-
inforced polypropylene date palm was made, the effect
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Fig. 8. SEM of the coldly broken composite material surface
with matrix polyethylene at low density with (a) 0 % in weight,
(b) 20% in fiber weight of leaflets of the date palm and (c) 30%
in fiber weight in the presence of 10% of polyethylene grafted
maleic anhydride (PEgMA).
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of the addition of fiber composite and coupling agent on

the

tensile mechanical properties of the composites also

studied. A study of microstructure was carried out by
scanning electron microscope.

The following remarks can be drawn:

considering the mechanical properties, the addition
of non-modified fibers did not improve the maximum
tensile strength;

the introduction of the coupling agent improves the
mechanical properties;

The Young’s modulus of the composite continues to
increase with increase in the rate of reinforcement in
the composite improved;

the date palm plant fibers have an amorphous texture;
in addition, they have a solid section and have the
same constituents as the wood;

the presence of entanglements on their surfaces of the
fibers provides good adhesion fiber—-matrix.
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