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ABSTRACT:  The lack of compatibility between cellulose fi bers and some polymers, such as thermoplastics, is due on one 
hand to the hydrophilic nature of the vegetable fi bers and on the other hand to the hydrophobic character of 
the matrix. This incompatibility induces bad dispersion of the fi bers and the formation of a heterogeneous 
material with mechanical properties which are not very satisfactory. The scope of this article is to describe the 
possibility of using Olive Husk Flour (OHF) as reinforcement in the elaboration of a composite material based 
on polyvinyl chloride (PVC). In this context, we used the PVC-g-MA as compatibilizer and investigated the 
effect of the loading and the effect of treatment on the mechanical properties and thermal behavior of these 
composites; the structures have also been characterized by scanning electron microscopy (SEM) and X-ray 
diffraction analysis (XRD).
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1 INTRODUCTION

Advanced technology in petrochemical-based poly-
mers has brought many benefi ts to mankind. However, 
it has become evident that the ecosystem is being dis-
turbed because of non-biodegradable plastic materials 
[1]. Currently, there is considerable interest in natural 
fi ber, which can be used as fi ller in traditional plastics, 
thus reducing the pollution caused by plastic wastes [2].

Polymer composites based on natural fi bers (vegetal 
fi bers, cellulosic and derivatives) are attracting great 
attention as alternative materials to glass or synthetic 
fi ber-reinforced plastics. Fiber-reinforced polymers 
offer additional options over other conventional mate-
rials when specifi c properties are required and fi nd 
applications in diverse fi elds [2]. The development of 
vegetal fi ber-reinforced composites is a growing sector 
for many applications, mostly for automotive, appli-
ance and packaging products [2–4].

Natural fi ber exhibits a number of attractive advan-
tages including low density, low cost, low require-
ments on processing equipment, less abrasion during 
processing, abundance, renewabality and certainly 
biodegradability [2,5,6].

The matrix fi ller interface plays a critical role in 
ensuring that the properties of each component con-
tribute optimally to the bulk properties of the fi nal 
product [7], so the fi rst question is how to apply stan-
dard testing methods developed for homogeneous 
materials to composites, which are naturally heteroge-
neous [8]. However, certain drawbacks, such as poor 
compatibility with the hydrophobic polymer matrix, 
the tendency to form aggregates during processing 
and their low resistance to moisture, greatly reduce the 
potential of natural fi bers to be used as reinforcement 
for polymers.

In order to improve the interfacial interactions 
between polymer and fi bers, surface modifi cation of 
the fi bers and/or polymer functionalization, as well 
as addition of compatibilizers, are required [2,5,9]. 
Polymer modifi cation with reactive molecules (such 
as anhydrides, epoxides, amines, etc.) is a largely 
explored way to enhance interfacial adhesion [10–12].

Many recent studies have investigated the incor-
poration of vegetal fi ber into thermoplastic matrix. 
Hammiche et al. [13] investigated a composite based on 
hydrophobic polymeric matrix (PVC) and hydrophilic 
alfa fi ber and have shown the interesting synthesis and 
the addition of a new compatibilizer PVC-g-MA on 
this composite; they confi rmed that the choice of the 
compatibilizer must be made according to the matrix 
and to the application aim of the composite material. 
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Boukerrou et al. [14] studied the effect of PP-g-MA as 
coupling agent on the physico-mechanical and ther-
mal properties of polypropylene (PP)/Olive husk 
fl our (OHF) composites and they concluded that the 
treatment contributed to the improvement of the inter-
facial properties of PP/OHF.

In this work an attempt has been made to prepare 
an organic composite based on a thermoplastic matrix 
(PVC) and a load lignocellulosic (OHF). Our prepared 
material has been characterized through techniques, 
namely SEM, TGA and XRD, to ascertain the impact 
on structural, mechanical and thermal properties. As 
an extension of the same work, various other proper-
ties like tensile strength, elongation and morphology 
studies have been done.

2 EXPERIMENTAL

2.1 Materials

All the PVC/OHF formulations used in this work 
were based on PVC type SE-1200 provided by CABEL 
“Cablerie Electrique” located in Algiers (Algeria). The 
polymer has the following physical characteristics: 
Kwert (parameter that characterizes the viscosity of a 
material), 70.2–72.0; powder density, 0.521. The addi-
tives used in the preparation of the various formula-
tions were dioctyl phthalate as a plasticizer, a thermal 
stabilizer system based on Ca/ Zn, and stearic acid as 
a lubricant. The olive husk (OHF) of a granular form 
was obtained from the olive treatment plant in the 
region of Bejaia (Algeria). The grafted PVC was syn-
thesized in the laboratory and we have followed the 
procedure described earlier by Hammiche et al. [13].

2.2 Preparation of the Composites

The polyvinyl chloride resin, stearic acid and the sta-
bilizer (Ca/Zn) were introduced into the chamber of 
a turbo mixer type TG6HK8. The temperature of the 
mixture was increased by friction and then we added 
the plasticizer (DOP). The mixture was allowed to cool. 
The compound obtained, called dry blending, was 
used for the preparation of the various formulations. 
PVC compounds/OHF was prepared in a SCUYER 
type A80 brand calender. The temperature of the two 
cylinders was maintained at 140°C. We incorporated 
load HFO at different concentrations with and without 
the compatibilizer. These formulations have been used 
in compression molding for the preparation of the 
plates. The formulations obtained by calendering were 
introduced between the plates of a FONTJINE model 
TP400 brand press, under a pressure of 300 KN and at 
a temperature of 170°C for 5 min. The plates obtained 

with dimensions of 300 × 300 × 2 mm3 were cooled 
to room temperature. The proportions of each compo-
nent in the formulations are presented in Table 1. 

2.3 Techniques

Mechanical tests were carried out according to NFC 
32-200 specifi cations; fi ve specimens from each com-
position were tested in an Instron (model ZWICK 
TYPE BTC-FR 2.5TN.D09), operating at a grip separa-
tion speed of 10 mm/min.

Observations in the cross-sections of the specimens 
took place with the use of a FEI CONTA 200 electron 
microscope. The compression molded sheet was cryo-
genically fractured in liquid nitrogen.

The thermograms of our various samples were 
recorded using a Setaram TGA 92 type of thermogravi-
metric device, controlled by a microcomputer. A mass 
of 10 to 20 mg was placed in a platinum crucible. The 
mass loss was measured using a thermobalance in an 
inert nitrogen atmosphere with a temperature range 
between 20 and 700°C and heating rate of 20°C/min.

Measurements of X-ray diffraction (XRD) were per-
formed using Cu-K line wavelength λ = 1.54059 A°. 
The source of X-ray tube was a ceramic with a cop-
per anode and was fed by a current of 45 kV and an 
intensity of 30 mA. Each scan was performed with a 
measurement time of 6.05 seconds per step. The range 
of angles swept was between 1° and 70°.

3 RESULTS AND DISCUSSION

3.1 Tensile Strength

The tensile test is an intrinsic property which refl ects 
the resistance of a material. Unfortunately, this test for 
brittle materials like composites is extremely delicate, 
which leads to a large dispersion of results. 

Figure 1 shows the variation of tensile strength as 
a function of load rate with and without PVC-g-MA. 
We recorded the highest value with virgin PVC (29.17 

Table 1 The detailed composition of different samples

Formulations PVC(g) OHF (g) PVC-g-MA

F1 100 – –

F2 90 10 –

F3 80 20 –

F4 70 30

F5 85 10 5

F6 75 20 5

F7 65 30 5
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MPa) due to its high rigidity; this value decreases by 
incorporation of OHF in the matrix. The value of the 
tensile strength increases slightly with treated com-
posites compared to untreated ones, which may be 
due to a high sensitivity to internal defects or small 
microfi ber of composite. With the load rate of 30%, 
the values are close but with a slight increase in the 
untreated composite, which can be explained by the 
fact that the addition of low concentration of fi ller in 
the matrix causes good dispersion; but in high concen-
trations, the particles occupy volume, which is more 
important, easily weakening the composites [13].

According to Neher et al. [14], the tensile strength 
depends on a number of factors: fi ber loading, matrix 
strength, fi ber adhesion between fi ber and matrix, ori-
entation of fi ber, etc. Seung-Hwan et al. [15] showed 
that the tensile strength gradually decreased with 
the increase of fi ber content. This may be due to poor 
interfacial adhesion between polymer matrix and 
fi ber. This is a general phenomenon in incompat-
ible composites with different characteristics, such as 
hydrophobicity of the polymer matrix and hydrophi-
licity of the fi ller.

3.2 Elongation at Break

Elongation is a characteristic without dimension of 
composites. It corresponds to the deformation of the 
useful area reached during the break and characterizes 
the maximum elongation that can withstand a speci-
men before break.

The histograms in Figure 2 illustrate the evolution 
of elongation at break as a function of load rate and 

PVC-g-MA added as coupling agent. The PVC with 
plasticizer added becomes ductile, which increases 
the elongation before it is broken. This elongation 
decreases with increasing load rate because the OHF 
causes certain fragility in composite [16–18]. It has 
been reported that elongation at break decreases 
with increasing fi ber content. This may be due to the 
increase in the discontinuity of the polymer matrix 
with the increase in the dispersed phase [19]. 

The elongation is more reduced with the addition 
of the compatibilizer; it causes a loss in deformation 
compared to untreated composites, and this decrease 
may be due to the addition of the coupling agent 
which confers rigidity to the composite material.

3.3 Young’s Modulus

The modulus of elasticity, or Young’s modulus, char-
acterizes the rigidity of a material: the higher it is, 
the more rigid it is. The modulus of elasticity gives a 
good appreciation of the behavior of a material under 
stress. It measures at what force the material will be 
deformed [20]. The evolution of Young’s modulus as 
a function of load rate of treated and untreated com-
posites is shown in Figure 3. Differences in the val-
ues of modulus were observed between samples of 
untreated and treated composites of the same load 
rate, and the highest values were recorded with 
highly-loaded treated composites (368.69 MPa). Also, 
this fi gure clearly shows the increase of Young’s mod-
ulus by incorporation into the OHF. This increase in 
the Young modulus indicates that the regidity of the 
composites increased.
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3.4 Scanning Electron Microscopy (SEM)

Figures 4 and 5 show the images obtained by scan-
ning electron microscopy of the composite having a 
load rate of 20% with and without coupling agent and 
untreated composites of  20% and 30% load rate.

For the same load rate, the images show the effect 
of the introduction of compatibilizer on the interfacial 
adhesion between the reinforcement and the polymer 
matrix.

Figure 4 clearly shows that the adhesion between 
the lignocellulosic fi bers and the polymer matrix is 
low; this may be explained by the absence of physi-
cal contact between the two components. The appear-
ance of cracks and agglomerates were also observed 
by us.

The low polarity thermoplastic matrix and high 
surface energy of cellulosic fi bers are responsible for 
the lack of compatibility and lack of contact between 
the matrix and the reinforcement.

To the contrary, for treated composites in which 
the compatibilizer has been introduced, SEM analyses 
show that this agent improves the adhesion between 
the polymer matrix and OHF (Figure 4b). 

Based on these observations by SEM, it is expected 
to obtain better mechanical properties for composites 
in which the coupling agent is introduced; moreover, 
the test results are confi rmed by pulling these images

Figure 5 shows the effect of load rate of OHF on 
the interfacial adhesion fi ber/matrix; we noted that 
the surface roughness increases as a function of load 
rate with a tendency to create more aggregates. These 
aggregates cannot be formed if there is a bad affi nity 
between the polymer matrix and the OHF.

3.5 Thermogravimetric Analysis

Thermogravimetric analysis follows the evolution for 
the mass of a sample as a function of temperature and 
the parameters of the decomposition of a material. 

The decomposition of the PVC was done in two 
steps (Figure 6); the fi rst step begins at 206°C and ends 
at 310.9°C with a maximum temperature of degrada-
tion of about 270°C. During this step, we recorded 
a weight loss of 60.49%, which is attributed to the 
elimination of HCl and the formation of the double 
bonds along the macromolecular chains of PVC. This 
yields a new, thermally stable polymer (with poly-
ene sequences) that forms in the temperature range 
from 310°C to 372°C. The second stage of degrada-
tion ranges from 372°C and 509.2°C, during which the 
polyene degrades to form a residue made up of a car-
bonaceous residue which is stable beyond 510°C and 
which presents 11.11% by weight [21].
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Figure 4 Images from scanning electron microscopy 
of composites to 20% of the load rate without (a) and 
with (b) compatibilizer.
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Figure 5 Images from scanning electron microscopy of 
composites untreated to 20% (a) and 30% (c) of load rate.
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The TGA and DTG thermograms for PVC virgin 
and untreated composites with different load rates are 
shown in Figure 6. It is clear that the incorporation of 
fi bers increased the overall thermal stability of PVC, 
which can be explained by the fact that the incorpora-
tion of fi ber lignocellulosic retards the degradation of 
the polymer. In other words, it acts as an inhibitor of 
thermal degradation [16].

The composite has a thermal stability intermedi-
ate between that of the fi ber and that of the matrix. 
This curve shows a decrease in the temperature at the 
beginning of decomposition and this decrease is con-
tinuous with an increasing load rate of OHF, which is 
206°C for virgin PVC (F1), 186, 190 and 178°C for rates 

of F2, F3 and F4 respectively. This can be recorded by 
analyzing the peaks represented in Figure 7 in which 
there was a decrease in maximum degradation rates: 
27, 24, 23, 21 (%/min) for formulations, F1, F2, F3 and 
F4 respectively.

For the formulation F3, we recorded a temperature 
of the beginning of decomposition higher than that of 
F2. This result can be explained [22] by the fact that, 
at the low load rate, the decomposition of the fi ber 
appears only as a shoulder of low intensity and it 
must reach the levels of the order of 20% for a peak to 
be clearly observable. The examination of the major 
peak decomposition shows that the decomposition 
temperature is a maximum when the load rate is at 

120

F1
F2
F3
F4

F1
F2
F3
F4

100

80

60

40

20

0
-100 0 100 200 300 400 500 600 700 800

T (˚C)

-100 0

D
T

G
 (

%
 /

 m
in

)

5

0

-5

-10

-15

-20

-25

-30
100 200 300 400 500 600 700 800

T (˚C)

T
G

 (
%

)

Figure 6 TGA/DTG thermograms of composites as a function of load rate without PVC-g-MA.
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20% fi ber. These differences are mainly due to reac-
tions and complex interactions between the fi ber and 
the matrix, which can cause polymer chain scission 
and thus affect the thermal stability.

The effect of treatment with the compatibilizer on 
the thermal behavior of composites is represented 
in Figure 7 (with a load rate of 20%).

It can be clearly observed that the incorporation of 
the compatibilizer has no apparent infl uence on the 

composite, also the the temperatures of beginning 
of decomposition and maximum degradation rates 
are very close before and after the addition of the 
compatibilizer.

3.6 X-ray Diffraction of Composites 

In order to examine in more detail the infl uence of the 
load rate of fi bers and the treatment with PVC-g-MA 
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Figure 7 TGA/DTG thermograms of treated and untreated composites with load rate of 20%.
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on the crystalline phases of the polymer, analyses by 
X-ray diffraction were performed. 

Figure 8 presents the diffractogram of the virgin 
PVC and composite with different load rate (10, 20 
and 30%):

• There is no sign of crystallinity in the virgin 
PVC because it is an amorphous view in the 
absence of peaks.

• The analysis by X-ray diffraction allows the 
observation of the crystalline structure of the 
composites. The diffractograms of the fi gure 
show two peaks [23]:

(I)  Peaks of high intensity at 22° and 26° (θ 2) 
correspond to the plane (0 0 2), relating to 
the presence of the cellulose molecules; and

(II)  Peaks of low intensity between 17° and 20° 
(θ 2) correspond to the plane (1 1 0), relating 
to the presence of lignin and hemicelluloses.

• The general appearance of the diffractograms 
is similar for all formulations. The same peaks 
appear but with much higher intensities, which 
can be attributed to reinforcements containing 
“the cellulose,” which is crystalline. 

F1
F3
F6

15

800

600

400

200

0
20 25 30 35

2 Theta()

In
te

n
lt

y

Figure 9 Diffractogrammes of treated and untreated composites with load rate of 20%.

F1

F3
F4

F2

15

1400

1200

1000

800

600

400

200

0
20 25 30 35

2 Theta(˚)

In
te

n
lt

y

Figure 8 Diffractogramms of composites as a function of load rate.



Amar Boukerrou et al.: Physical and Mechanical Properties of Polymer Composite Materials 10.7569/JRM.2014.634119

256  J. Renew. Mater., Vol. 2, No. 4, December 2014  © 2014 Scrivener Publishing LLC

Figure 9 illustrates the appearance of the dif-
fraction peaks obtained by composites treated and 
untreated with load rate of 20%. When the composites 
are treated, the peaks are more intense, thus indicat-
ing that the compatibilizer caused a certain crystalline 
organization on the composite (nucleation agent).

4 CONCLUSION

This is an integrated work addressing the general 
problems associated with the development of innova-
tive materials with limited environmental and health 
impacts. It is also a contribution to the search for solu-
tions to remedy the lack of compatibility between the 
polymer matrixes, particularly PVC and reinforce-
ment plants. 

In this work, we have developed composites 
(PVC/OHF) with the incorporation of a compatibil-
izer (PVC-g-MA), and the materials were prepared by 
calendering. 

After a review of the different experimental tech-
niques for characterization, we have reached the fol-
lowing conclusions:

• Upon studying the mechanical behavior 
of PVC/OHF composites, an evaluation of 
their properties shows better behavior in the 
treated composite materials. This improve-
ment is the result of higher interfacial adhe-
sion fi ber/matrix. The incorporation of fi ber 
reinforcement allows the increase of rigidity 
in materials and the treatment allows for the 
obtainment of even higher mechanical proper-
ties (Young’s modulus); on the other hand, the 
elongation at break decreases whatever load 
rate or treatment, which is due to the rigidity 
of the OHF in the PVC matrix.

• The thermal behavior of composite materials 
shows that the incorporation of fi ber reinforce-
ment has resulted in overall improvement. 
Treatment does not seem to be useful to the 
PVC/OHF interface. We have found that the 
thermal stability of polymer materials is very 
affected by the incorporation of fi ber reinforce-
ments, and that the compatibilizer PVC-g-MA 
does not affect the thermal stability of the 
composites.

• From a microstructural point of view, the over-
all degree of crystallinity was increased by the 
presence of fi bers and the incorporation of the 
compatibilizer. It seems that the two factors, 
fi ber rate and treatment, increase the degree of 
crystallinity of composites.

All this work shows that the fi bers of Olive Husk 
Flour can be used successfully as “vegetable fi ber” in 
a thermoplastic matrix PVC, and that the introduction 
of a compatibilizer (PVC-g-MA) results in an amelio-
ration of the mechanical, physical, thermal and mor-
phological properties. 
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