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Could Alfa Fibers Substitute Glass Fibers
in Composite Materials?

In the present work polyester resin composites with Alfa fibers
in the form of pulp were prepared and their properties were
compared with those of polyester resin reinforced with glass
fibers, the latter composites being widely used for structural
applications. The composites were prepared using two manu-
facturing processes, namely hand lay-up and vacuum mold-
ing, to assess the influence of the process on the composites
properties. Firstly, the tensile properties for the two compo-
sites were evaluated. The composites thermal properties were
studied by differential scanning calorimetry and thermogravi-
metric analysis. Finally, the morphology of a glass fiber com-
posite (GFC) and Alfa pulp composite (APC) was analyzed by
scanning electron microscopy, to characterize the composites
surface and cross-sections.

1 Introduction

The extraordinary development of composite materials that in-
vaded our everyday life in areas as varied as building and con-
struction, transportation, automotive applications etc., is ex-
plained by the multiple qualities of these materials, among
which hydrophobicity, low density, deformability and mechan-
ical strength are most relevant.

However, the impact of these materials on the environment,
the awareness of our industrialized societies on waste manage-
ment issues, and the growing concerns about the cost of syn-
thetic composites, have led to the search for their replacement
with more advantageous materials, namely the integration of
biodegradable reinforcement substitutes from renewable mate-
rials such as natural fibers.

The development of composite materials with natural rein-
forcements that can compete with the most widely used com-
posites in several industrial sectors, namely glass fiber rein-
forced composites is a very promising and constantly growing
field of research. Indeed, non – structural composites made of

natural fibers have already been marketed especially in the
automotive sector, for the manufacture of the internal door pa-
nels (Holbery and Houston, 2006; Mater, 2008), because of
their low density, their reduced cost of raw material, their ease
of use and maintenance, and their biodegradability. Moreover,
in building applications, wood plastic composites are in-
creasingly accepted. The potential of natural fiber composites
(NFC) for new applications is huge.

The selection of natural fibers as reinforcement in composite
materials can naturally turn into wealth in countries where it is
plentiful (Satyanarayana et al., 1986; Satyanarayana, 1990). In
general, natural fibers can be classified according to their plant,
animal or mineral origin. Fibers extracted from plants may be
categorized according to the part of the plant from which they
originate. For example, they may be extracted from leaves (ba-
nana, sisal, etc.), seeds (cotton), stems (hemp, jute, etc.), fruit
(coir), root (vetiver) and also from wood. In this work, Alfa
fiber, also known as Esparto Grass, extracted from the plant
Stippa tenacissima, was selected. This plant is cultivated abun-
dantly in the dry regions of North Africa, (Ammar et al., 2006;
Ben Brahim and Ben Cheikh, 2007; Gracia-Fayos and Gasque,
2006) particularly in Tunisia where it covers 743 thousand hec-
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tares with an annual production estimated at 42 thousand tons
(Khiari, 2010) Alfa is mostly used in the production of paper
(Paiva et al., 2007) but in recent years several studies have
shown its potential as reinforcement for composites (Ben Bra-
him et al., 2001; Compos et al., 2003).

Although natural fiber composites have advantages, their hy-
drophilic nature (Karmaker et al., 1994) and low mechanical
performance compared to synthetic reinforced composites re-
main an obstacle to their widespread use as a substitute for glass
fiber. However, its reinforcing ability is quite relevant in parti-
cular when good adhesion between fiber and matrix is observed,
or when it can be induced by performing physical (Baley et al.,
2006; Belgacem et al., 1994; Felix, 1994; Gassan and Gutowski,
2006; Liu et al., 1994; Thomsen et al., 2006; Van de weyenbery
et al., 2006) or chemical treatments (Joffe et al., 2003; Kostic
et al., 2008; Rana et al., 1997; Troedec et al., 2008; Zafeiropou-
los et al., 2007). In the latter case the major disadvantage is asso-
ciated to the additional cost of fiber treatment.

The present work aims at providing a comparative study of
the mechanical, thermal and morphological characteristics of
two composites, namely a synthetic reinforced composite with
glass fibers and a natural fiber reinforced composite. The nat-
ural fibers are Alfa pulp, which is already produced and mar-
keted in Tunisia (SNCPA, 2018). To assure performance im-
provement in natural fiber composites, the fabrication process
of the composite was modified in order to overcome the ma-
trix-fiber adhesion issues without going through fiber treat-
ment, and thus to guarantee the low cost of the materials. This
may prove to be an interesting alternative for the industry in
applications that do not require high mechanical properties
but are rather focused on the environmental (eco-friendly) and
technical (lightness, sound absorption . . .) advantages asso-
ciated to such fibers.

2 Material and Methods

2.1 Raw Materials

The natural reinforcement used in this work is Alfa pulp which
is produced and marketed by SNCPA, Société Nationale de
Cellulose et de Papier Alfa (&&Town&&, Tunisia). The alfa
pulp mat is formed by randomly ordered fibers with an aerial
weight of 524 g/m2. The matrix material used for the prepara-
tion of both Alfa reinforced composite and glass fiber rein-
forced composite is the unsaturated polyester resin EASYLAM
LSE produced by Polynt, &&town, country&&. Its general
properties are given in Table 1. The glass fiber used in this
work is type E produced by Jushi France SAS, &&town,
country&&, which is a randomly ordered mat with an aerial
weight of 350 g/m2.

2.2 Composites Processing Manufacture/
Experimental Procedure

In order to compare Alfa fiber reinforced composites to glass
fiber reinforced composites, we prepared test samples with nat-
ural fibers in the same way as glass fibers. The process used for
molding the reinforced unsaturated polyester resin is the con-

tact molding which is a fully manual process. Reinforcing
layers of fiber in the form of mats and catalyzed liquid resin
are deposited successively on the mold surface, each layer is
manually deposited and then impregnated with resin by means
of a roller and a brush until the desired final thickness is
achieved. The removal of air inclusions is an essential step.
Once the final layers of fiber are applied to the mold, the resin
undergoes gelification and cure. For this molding technique,
the only pressure exerted is that made by the operator.

For the second type of manufacturing, we used the vacuum
molding process, the procedure is the same as the contact
molding except that the lamination is subsequently subject to
vacuum using a waterproof tarpaulin, joints, pipes and a va-
cuum pump after the installation of a tear-off fabric and then a
drainage felt placed directly on the laminate surface. A higher
quality composite is then obtained compared to the contact
molding composite, the fiber content is higher because the ex-
cess resin is extracted by the vacuum generated evenly across
the composite during air elimination.

2.3 Mechanical Properties

Tensile tests were performed using an universal testing ma-
chine (model 1125, Instron, &&town country&&). The re-
sulting load was measured using a 25 kN load cell. Tensile
tests were carried out in accordance with ISO 527-4 (1997) at
room temperature. The cross-head speed used for the type 1B
tensile specimens was 2 mm/min and the load was applied until
the specimen failed. The specimens were tested without end
tabs, showing valid failure modes as illustrated in Fig. 1. The
mechanical analyses were repeated five times per sample, and
the average and standard deviation were used as representative
values.
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Properties Value

Reactivity
Method

Test temperature
Catalyst system

Gel time
Peak time

Temperature at peak

R 151
23 8C

1.5 % PMEC 50
20 – 25 min
30 – 42 min
70 – 90 8C

Mechanical properties
(cured resin non-reinforced)

Post cure (16 h at 40 8C and 2 h at 90 8C)

Tensile ISO 527 (1999)
– Young modulus (MPa)
– Tensile stress at break (MPa)
– Tensile strain at break (%)

Flexural ISO 178 (2003)
– Young modulus (MPa)
– Flexural stress at break (MPa)

3 550
45

1.55

3 500
90

Table 1. Polyester unsaturated resin properties



2.4 Morphological Testing

In order to carry out a morphological characterization for the
different samples, a top view of the reinforcing fibers (GF,
AP) and an observation of the cross section of the composites
(GFC, AFC) was performed using scanning electron micro-
scopy (SEM).

The morphology of the different samples was characterized
partly using a JSM-6010LV SEM (Jeol, &&Tokyo&&, Ja-
pan), operating at an accelerating voltage of 15 kV, and partly
using a NanoSEM Fei Nova 200 microscope (&&company,
town, country&&). For the observation of the composite mor-
phology across the thickness, the composite specimens were
dipped in liquid nitrogen and cryo-fractured. Before each ana-
lysis, the samples were sputtered with a gold layer, using a
sputter coater (model 108A, &&Company&&, Cressington,
UK).

2.5 Thermal Analysis

2.5.1 Thermogravimetric Analysis

Thermogravimetric analysis (TGA) was performed on TA
Q500 equipment (TA Instruments, &&town&&, USA). Ap-
proximately 4 mg of each reinforcement fibers and about
10 mg of each composites were cut. The TGA curves were ob-
tained by measuring the mass of a sample and heating it at a
constant rate of 10 8C/min from 30 to 1000 8C under a constant
flow of 60 ml/min of nitrogen.

2.5.2 Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) measurements were
performed on Diamond equipment (Perkin Elmer, &&town,
country&&) under flowing argon atmosphere between 0 8C
and 200 8C at a heating rate of 10 8C/min.

3 Results and Discussion

3.1 Morphological Characterization

Firstly, SEM observation for the two mats (mats of Alfa pulp
and mats of Glass fibers) was carried out in order to observe
the characteristics of the two types of reinforcement and how
they may influence the properties of the composites (APC and
GFC). In a global view, the two mats are formed by randomly
arranged fibers which give them an almost isotropic character
(Fig. 2A and B). However, the glass fibers mat is formed by
long straight fibers which are identical and have a similar
diameter while the mat of Alfa pulp consists of disordered fi-
bers whose apparent diameter varies between 5 and 14 microns
(Fig. 2E).

It is also noticed that the mat of glass fibers is formed by
well-aligned straight fibers whereas that of the Alfa fibers con-
tains aligned fibers but also fibers with small and large defor-
mations (Fig. 2C and D). These deformations are due to the
manufacturing process of the Alfa pulp during which the fibers
undergo severe compressive stresses which cause a sudden
change in the fiber axis alignment (Ellouze et al., 2017; Seth,
2006) and can even generate nodes which may strongly affect
the mechanical properties of the fiber and subsequently of the
composite. This can be explained by the fact that the Alfa fiber
consists of micro fibrils of cellulose bonded together by lignin
and hemicellulose (Fig. 2F). In fact the Alfa plant undergoes
chemical extraction during which a large part of lignin and
hemicellulose will be eliminated to retain the maximum cellu-
losic part of the stem. The non-eliminated parts constitute the
matrix that binds the cellulose micro fibrils together that con-
stitute the Alfa fibers. Thus, the Alfa fiber in itself is a compos-
ite whose reinforcement is micro fibrils of cellulose and the
matrix is lignin and hemicelluloses (Jacob John and Thomas,
2008).

3.2 Mechanical Properties

3.2.1 Tensile Test Result for the Composites Produced
by Contact Molding Process

The stress-strain curves for Alfa pulp reinforced composite and
glass fiber reinforced composite can be seen in Fig. 3A. The
Young’s modulus, strength and strain for each composite are
displayed in Fig. 3B, C, D in which the tensile properties of
the unsaturated polyester resin, obtained from the manufac-
turers datasheet (Table 1), was added for comparison. The re-
ported interval in the columns represents the standard deviation
of the mean value obtained for the 5 specimens tested.

The composites’ Young’s modulus was compared to that of
the unsaturated resin. The two composites showed a significant
increase in stiffness. Indeed, the modulus of the GFC increases
by 88% and the one of the APC increases by 68 % compared to
the base resin (Fig. 3B). To compare the two composites in
term of tensile properties, the GFC showed greater tensile
modulus (> 12% higher). However, the strength of the GFC in-
creases by 74 % while the strength of the APC decreases by
42% compared to the resin (Fig. 3C). Also, the tensile strain
at break of the GFC was nearly 62% higher than the strain at
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Fig. 1. Typical tensile failure mode for composites
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break of the resin while the tensile strain at break of the APC
was nearly 55% less than the tensile strain of the resin
(Fig. 3D). Although the stiffness of the natural reinforced com-
posite was considerably increased, the strength and strain have
shown a substantial decrease compared to the base resin. This
suggests that the matrix fiber adhesion is poor (Kaddami et al.,
2006; Gloria et al., 2017) or that the composite may contain
voids that cause this property degradation. It is also possible
that the mat of Alfa is not homogeneous, containing regions
of fiber agglomeration and regions of low fiber density that
weaken the reinforced composite.

SEM observation of the composites cross sections were in-
formative about the reasons underlying the decrease in the ten-
sile strength and strain of the APC compared to the base resin.
The micrographs illustrate the composite impregnation quality
as well as the matrix-fiber adhesion.

The SEM observations of the APC (Fig. 4A) shows several
regions that were not wet by the matrix, originating voids with-
in the composite, unlike the SEM of GFC (Fig. 4B) which
shows an effective wetting of fibers by the resin. The presence
of large voids will dramatically decrease the tensile strength
and strain of the composite. Thus the GFC presented better
properties compared to APC.

In conclusion, in order to design a composite material with
adequate mechanical properties, it is critical to have a perfect
impregnation of the fibers by the matrix, a strong interfacial

adhesion and a good dispersion of fibers. Therefore, in order
to improve the adhesion between the Alfa pulp and the resin,
vacuum molding was selected for the preparation of new com-
posites. The produced composite is expected to present better
fiber-matrix contact and to be free of voids, thus improving its
properties compared to contact molding. The final composite
fiber content is higher since the excess resin is eliminated by
the vacuum created during the evacuation.

3.2.2 Tensile Test Result for the Composites Produced
by Vacuum Molding Process

According to the stress-strain curve of composites shown in
Fig. 5A, it’s clear that a significant improvement of the mechan-
ical properties was accomplished on the composite made with
vacuum molding process. The increase in Young’s modulus,
strength and strain for each composite are clearly displayed in
Fig. 5B, C, D. Just as the first tests, the properties of the unsatu-
rated polyester resin have been added to the three graphs for
comparison. In fact, we notice that when the process was modi-
fied, the tensile stiffness of the APC.VM improved greatly. It in-
creased by about 20 % compared to the stiffness of the APC
made without vacuum process and it even exceeded the GFC’s
stiffness by about 7 %. On the other hand, the strength of the
APC.VM increases by 38 % compared to the strength of the PE
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A) B) C)

D) E) F)

Fig. 2. SEM of the top view of compressed mats: A) and C) glass fibers, B), D) and E) Alfa pulp, and F) a detail of the cross section of an Alfa fiber



(with contact molding it was 42 % less than the PE). Also the
strain at break of the APC.VM increases by 3 % compared to
the strain of the PE (with contact molding it was 42 % less than
the PE). As global result, the GFC still has higher deformation
and tensile strength than the APC made with vacuum molding
but the difference is a moderate one. We can even conclude that
the two composites have comparable properties.

The major difference observed on the tensile properties for
APC produced with contact molding compared to APC pro-
duced with vacuum molding relates to the vacuum process that
eliminates the voids present between the matrix and the fiber. It
is also apparent that the adhesion between AP and resin was
significantly improved, and thus the properties of APC became
close to those for GFC. SEM observations of the two compo-
sites illustrate these effects, as depicted in Fig. 6. SEM of a
fractured surface of GFC shows no gaps between glass fiber
and polyester indicating a good interfacial bonding (Fig. 6B).
The SEM micrograph of APC (Fig. 6A) shows parts whose fi-
bers completely impregnated by the polyester confirming a
good adhesion and compatibility between the two materials. A
few holes can be observed on the fracture surface indicating
pulled out fibers (Chuai et al., 2001).

These results are promising especially considering that the
natural Alfa fiber is considerably lighter than the glass fiber,
having a density of 1.4 while the density of glass fiber is near
2.5 (Mohanty et al., 2000; Wambua et al., 2003).This means
that the specific strength and modulus (strength and modulus
divided by the material density) of the natural fiber composite
will be much larger compared to glass fiber composite. It
should be stressed that the mat of Alfa pulp contained ran-
domly distributed fibers of different diameters producing a het-
erogeneous composite, which affects the mechanical properties
of the composite.

3.3 Thermal Properties

3.3.1 Thermogravimetric Analysis

The thermal degradation of Alfa pulp was analyzed and com-
pared to that of the unsaturated polyester and the APC. The
thermograms (TG) and their derivative (DTG) for materials
(PE, AP, APC, GF, and GFC) are shown in Fig. 7 and 8 respec-
tively.

For the Alfa pulp specimen, the first weight loss was before
100 8C. This is the drying phase justified by the hydrophilic
character of the Alfa, and until 200 8C the sample of AP did
not lose weight, meaning that Alfa fibers are stable until around
this temperature. The second phase corresponds to the thermal
degradation of the AP .This is due to the degradation of cellu-
lose in the form of dehydration, decarboxylation, depolymeri-
sation and decomposition of glycosyl units, forming a charred
residue of 12,6% that remains stable above 700 8C (Albano,
1999; Ouajai and Shanks, 2005).The TG curve of the polyester
showed a lower amount of residual char of about 7 %, obtained
at approximately 500 8C. The APC showed a weight loss of
88% above 700 8C, leaving a residue similar to the residue ob-
tained for the Alfa fiber. As expected the GF are thermally
stable across the whole temperature range studied and the large
residual weight observed of GFC reflects mainly its GF con-
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A)

B)

C)

Fig. 3. Tensile properties of GFC, APC and PE: A) typical stress-
strain curves obtained for APC and GFC, B) Young’s modulus of
GFC, APC and PE, C) tensile strength of GFC, APC and PE, D) tensile
strain at break of GFC, APC and PE
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A) B)

C) D)

Fig. 5. Tensile properties of GFC, APC (by vacuum molding process) and PE: A) curve of tensile test (stress-strain), B) tensile stiffness of GFC
and APC.VM comparing to PE, C) tensile strength of GFC and APC.VM, D) tensile strain at break of GFC and APC.VM

A) B)
Fig. 4. SEM observation cross section of
APC (A) and GFC (B)
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Fig. 7. TGA curves obtained for the materi-
als (PE,AP,APC,GF,GFC)

Fig. 8. Derivative of TGA curves (DTG) pre-
sented in Fig. 6

A) B)
Fig. 6. SEM of composites cross the thick-
ness: A) APC, B) GFC
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tent. The DTG curves represented in Fig. 8 show that the ther-
mal degradation of the AP occurs through one major degrada-
tion step with maximum rate at 356.7 8C, while PE undergoes
at least two major degradation processes, the first presenting a
lower maximum degradation rate at 360 8C and the second with
a higher rate occurring at 410 8C. APC presents the characteris-
tic degradation step of AP and another, at higher temperature,
associated with the PE degradation, while GFC shows one ma-
jor process occurring over a wide temperature range.

3.3.2 Differential Scanning Calorimetry

The DSC analysis was carried out to characterize the thermal
transitions of the PE polymer and AP fibers, and to observe any
changes that may occur due to composite formation and PE/fiber
interaction. All the materials were analyzed. The curves corre-
sponding to the first heating are presented in Fig. 9, and those
corresponding to the second heating in Fig. 10.

The first heating shows an endothermic peak for AP, which
is typical of hydrophilic materials and lignin containing materi-
als. This endothermic peak results from the vaporization of low
molecular weight molecules contained in lignin and hemicellu-
lose, and from the moisture present in the AP. This water is
strongly bonded to the hydrophilic groups in cellulose, and thus
requires heating above 100 8C in order to completely vaporize.
The first heating of the PE polymer presents a glass transition
temperature (Tg) near 60 8C, that increases by nearly 10 8C for
the composites, either with glass or AP fibers. The increase in
Tg may be due to the decrease in polymer chain mobility in
the presence of the large fraction of fiber surface.

The endothermic peaks observed for AP disappear after the
first heating step, and only a low energy endothermic process
is observed for PE, APC and GFC (Fig. 10).

3.4 Discussion of the Composites Tensile Properties

The composites produced by vacuum processing demonstrated
excellent mechanical properties and thermal stability up to
200 8C. A high value for the Young’s modulus was observed
for the APC, even slightly higher than that obtained for GFC.
Considering the higher modulus of GF compared to AP (ap-
proximately 73 GPa and 19,3 GPa, respectively) the similar
composite moduli measured for both types of PE composites
is indicative that a larger amount of AP could be incorporated
in the APC composite. Indeed the AP mat used for composite
production was characterized by an areal weight of 524 g/m2,
while the GF mat presented 350 g/m2. Accounting for a density
for cellulose fibers and glass fibers as approximately 1.4 and
2.6, respectively, then the volume of AP is expected to be circa
2.6 times the volume of GF, within the same composite vol-
ume. The volume fraction of GF and AP within the composite
may be estimated from the composites moduli measured ex-
perimentally, and the individual fibers and polyester moduli.
The estimate was carried out using the Halpin-Tsai equations
(Tsai, 1969 &&please add to the reference section as
well&&) adapted for short fiber composites considering ran-
domly oriented fibers. The composite modulus was calculated
from Eq. 1,

Ec ¼ EP
3
8

1þ 2 lF=dFð ÞgLuF

1� gLuF
þ 5

8
1þ 2gTuF

1� gTuF

� �
; ð1Þ

where Ec is the composite modulus, EP is the polymer modulus,
}F is the volume fraction of the fiber, (lF/dF) is the fiber aspect
ratio, and gL, gT are given by Eq. 2 and 3, respectively:

gL ¼
EF=EPð Þ � 1

EF=EPð Þ þ 2 lF=dFð Þ ; ð2Þ

gT ¼
EF=EPð Þ � 1
EF=EPð Þ þ 2

; ð3Þ

where EF is the fiber modulus. Considering the following ap-
proximate moduli values: 3,55 GPa for polyester, 73 GPa for
GF and 19.3 GPa for the AP (Paiva et al., 2007), and that the fi-
bres cross section is approximately circular and the fibres aspect
ratio is at least 50, then the estimated composite moduli varia-
tion with fiber volume composition is represented in Fig. 11.
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Fig. 9. DSC curves of the first heating for the samples (AP, PE, GF,
APC, GFC)

Fig. 10. DSC curves of the second heating for the samples (AP, PE,
GF, APC, GFC)



Considering the experimental results obtained for the compo-
sites moduli, then the fiber volume content can be estimated as
approximately 11 % for GFC and 31 % for APC, from the modu-
lus estimate curves represented in Fig. 11. This result matches
the expected fiber volume relation based on the fibre mats areal
weight.

4 Conclusions

The objective of this work was to prepare a polyester compos-
ite reinforced with Alfa pulp and compare its morphology, me-
chanical and thermal properties with those of the most com-
monly used polyester/glass fibers composites. The composites
were prepared by two different processing routes.

The result demonstrated a significant improvement in tensile
properties of APC processed by vacuum molding. SEM obser-
vation showed improved interfacial bonding for the composites
prepared by this process.

The tensile proprieties of the APC prepared by vacuum
molding reached a similar order of magnitude as those of
GFC. Thermal analysis showed that APC composite presented
similar thermal stability as the polyester resin. In conclusion it
was observed that APC may replace GFC for applications that
require the level of mechanical and thermal performance typi-
cal of GFC.
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