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ABSTRACT: Using bagasse fiber as the reinforcing filler
and polypropylene as the thermoplastic matrix polymer, a
reinforced composite was prepared, and its mechanical
properties examined as a function of the amount of com-
patibilizing agents used. In the sample preparation, four
levels of fiber loading (10, 20, 30, and 40 wt %), three lev-
els of polybutadiene isocyanate (PBNCO) content (0, 2,
and 4 wt %) and two levels of maleated polypropylenes
(MAPP) content (0 and 3 wt %) as compatibilizing agents
were used. The tensile properties of the composites
improved as the fiber loading and the compatibilizing
agents increased, but the impact strength was significantly

decreased. The mechanical study revealed that the positive
effect of compatibilizing agents on interfacial bonding. The
composites treated with PBNCO showed superior tensile
and impact properties than those without treatment. The
findings indicated that bagasse as agro-waste material is a
valuable renewable natural resource for composite produc-
tion and could be utilized as a substitute for wood in com-
posite industries. VVC 2008 Wiley Periodicals, Inc. J Appl Polym
Sci 111: 1684–1689, 2009
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INTRODUCTION

In recent years, cellulosic fibers have gained signifi-
cant interest as reinforcing filler for commercial ther-
moplastics. They are now fast evolving as a
potential alternative to inorganic or synthetic materi-
als for various applications.1,2 The technical studies
suggest that cellulosic fiber composites have the
potential to compete with composites reinforced
with inorganic fibers.3 Studies are ongoing to find
ways to use cellulosic fibers in place of synthetic
materials as reinforcing fillers.4–8

The mechanical properties of cellulosic fibers and
its application as reinforcing filler for thermoplastic
materials have being largely studied.9–13 However,
the mechanical properties of composites reinforced
with high performance inorganic fibers have still not
been reached.14 This situation can be explained by
the noneffective bonding between polar-hydrophilic
cellulosic fibers and nonpolar-hydrophobic plastics
at fiber-matrix interface that causes the mechanical
properties of the composites to be lowered. A num-
ber of investigators have explored the ability of
additives to enhance adhesion and thereby improve
properties such as tensile and impact strength of

these composite materials.15,16 The interfacial adhe-
sion problem can be alleviated by the use of compa-
tibilizing agents. These compatibilizing agents
become chemically linked with the hydrophilic
lignocellulosic filler on one side, while facilitating
the wetting of the hydrophobic polymer chain on
the other side. In other words, they have dual char-
acteristics in that they possess both the hydrophilic
and hydrophobic properties needed for them to
adhere well with the cellulosic filler and matrix
polymer. The improvement in mechanical properties
is believed to be due to a better dispersion of fibers
in the matrix, a more effective wetting of fibers by
matrix resin and a better adhesion between the two
phases.17

Faced with serious shortage of wood resources in
developing countries, including Iran, creates interest
to explore the potential application of agro-waste
based composites for the wood industries.18 Thus,
several studies on the development of composites
prepared using various agro-waste materials is being
actively pursued.16,19 Among the possible alterna-
tives, the development of composites using bagasse
fibers (BFs), as reinforcing fillers, and thermoplastic
polymers, as matrices, is currently at the center of
attention in Iran. Bagasse is one of the renewable
agro-waste materials, which is a by-product from
the sugar cane industry. About 32% of bagasse is
produced from every tone of sugar cane been
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processed. In Iran, the production of bagasse is esti-
mated to be around 2.5 million tones per year. Many
studies have been carried out on the utilization of
bagasse, such as in particleboards,20,21 medium den-
sity fiberboard,22,23 pulp,18,24 and composites.25–27

In this study, the thermoplastic polymer, polypro-
pylene was used as the matrix polymer and the
agro-waste, bagasse fiber was used as the reinforcing
filler to prepare a reinforced composite. Recent
work1,28–35 suggests that the use of maleated poly-
propylene (MAPP) significantly improves the fiber-
matrix bonding. Maldas and Kokta,36 and Nour-
bakhsh et al.19 have also reported improved mechan-
ical properties by using polybutadiene isocyanate
(PBNCO) as compatibilizing or bonding agent. The
purpose of the current research was to examine the
effect of the compatibilizing agents (MAPP and
PBNCO) on the interfacial bonding between hydro-
philic filler and hydrophobic matrix polymer. The
mechanical properties of the composite were exam-
ined at different fiber loading and the amount of
compatibilizing agents used.

EXPERIMENTAL

Materials

Depithed sugarcane bagasse used as reinforcing fil-
ler was supplied by local sugar cane mill. The BFs
were morphologically and chemically characterized
(Table I). The fibers were produced by refiner me-
chanical pulp (RMP) process. The wood chips were
steamed for 15 min at 7 MPa and 175�C, disc refined
and then dried in a laboratory-made hot air tube
dryer. The BF was screened, and the particles that
passed through 60 mesh (250 lm) sieve screens were
used. BF was oven-dried at 95�C for 24 h to main-
tain less than 4 wt % moisture content and then
stored in sealed plastic bags.

The matrix polymer, polypropylene (PP) (Poliran
P10800), having a melt flow index of 7–10 g/10 min
at 190�C under 2.16 Kg load was procured from
Bandar Imam Petrochemical Company, Iran. PP was
in the form of pellets with a density of 0.90 g/cm3.
The compatibilizing agent, MAPP was obtained
from Eastman Chemical Products; Epolene G-3003TM

has an acid number of 8 and a molecular weight of
103,500. PBNCO supplied by Kaucuk, KrasolVVR

LBD3000, prepolymer based on liquid low-molecular
weight polybutadiene. This product has free toluene
diisocyanate (TDI) of 1.1 wt %, NCO group content
of 3 wt %, and viscosity of 120 Pa s at 25�C.

Sample preparation

Four levels of fiber loading (10, 20, 30, and 40 wt %),
three levels of PBNCO content (0, 2, and 4 wt %),

and two levels of MAPP content (0 and 3 wt %)
were used in the sample preparation. The compo-
sites were compounded with a laboratory mixer
(Brabender) and then compression-molded into
plates. The PP and MAPP mixtures were first intro-
duced into the mixer soaked at 190�C for melting.
The BFs were then added into the melted resin mix-
ture with the rotor speed of 60 rpm. The PBNCO
was subsequently added and mixed for 3 min.
About 7 min of mixing was required for complete
dispersion of materials. The resulted mixtures (com-
pounds) were chopped and then plates were pre-
pared by compression molding. Compression-
molded was chosen since only small quantities of
material were available and to reduce the formation
of voids and to improve the fiber distribution. The
fibers in the plates were randomly oriented. Typical
molding conditions were: press temperature 190�C,
pressure during heating and cooling 3.8-4 MPa,
press time 3 min and cooling time 15 min.

Mechanical properties evaluation

The tensile properties, such as tensile strength and
tensile modulus were determined with an Instron
Universal Testing Machine (Model 1186) using
dumbbell-like shaped specimens with a thickness of
3.2 mm as per the ASTM D 63837 test method. The
tests were performed at crosshead speed of 1.5 mm/
min. The Charpy impact strength was measured
with Instron Impact Pendulum Tester (Model PW5)
according to ASTM D 25638 with notched samples at
room temperature. Each value obtained represented
the average of five samples. Mechanical properties
at each experimental condition were determined and
the mean value of the property is plotted against BF
content in Figures 1–5.

RESULTS AND DISCUSSION

Effect of fiber loading and MAPP content on the
mechanical properties

According to the previous researches, the tensile
strengths of the composites increased with increas-
ing fiber loading and compatibilizing agents.1,19,39–42

TABLE I
Properties of Bagasse Fiber

Chemical components
Cellulose (%) 55.3
Lignin (%) 21.0
Extractive (%) 2.9
Ash (%) 1.9

Fiber morphology
Length (mm) 1.7
Diameter (lm) 19.6
Aspect ratio (L/D)* 84.6

* The ratio of fiber length to its diameter.
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It can be seen from Figure 1 that the tensile strength
increases linearly with fiber content from 22.5 to 26.9
MPa. Whereas, without compatibilizer, the tensile
strengths of the composites are in the range of 15 to
25 MPa at fiber loading from 10 to 40%, suggesting
that, there is little stress transfer from the matrix to
the fibers irrespective of the amount of fiber present.
The use of MAPP improves interaction and adhesion
between the fibers and matrix leading to better ma-
trix to fiber stress transfer. Similar observations were
reported by Felix and Gatenholm17 where tensile
strength of the composites increased linearly with
fiber content when MAPP treated fibers were used
instead of untreated fibers. Meyrs et al.43 reported
21% increase in tensile strength for a 50 : 50 wood
flour PP composites when MAPP was used as a
compatibilizer. Stark and Rowlands44 also reported a
27% increase in tensile strength of composite pre-
pared with 40% wood fiber and 3% MAPP.

The tensile modulus (Fig. 2) increased with the
fiber content of composites both with and without
compatibilizers. It is obvious that the trend of the
results is almost similar to those of tensile strength.
To improve the bonding strength between the fiber
and the matrix polymer, compatibilizing agents
were used. At lower fiber content the tensile modu-
lus does not seem to be affected by improved adhe-
sion. However, at higher fiber loading the tensile
modulus of the composites with compatibilizer was

superior to that of the composites without compati-
bilizer. This is expected because compatibilizers can
change the molecular morphology of the polymer
chains near the fiber-polymer interphase. Yin et al.45

reported that the addition of compatibilizing agent
(MAPP) even at low levels (1–2%) increases the
nucleation capacity of wood fibers for PP, and dra-
matically alters the crystal morphology of PP around
the fiber. When MAPP is added, surface crystalliza-
tion dominates over bulk crystallization and a trans-
crystalline layer can be formed around the wood
fibers. Crystallites have much higher moduli as com-
pared to the amorphous regions and can increase
the modulus contribution of the polymer matrix to
the composite modulus.46

Izod impact strength

Figure 3 shows the notched Izod impact strengths of
the composites at different fiber loading and compa-
tibilizing agent contents. Unlike tensile properties,
the Izod impact strengths of the composites
decreased drastically as the fiber content increased.
This result is in agreement with other studies.1,41

The presence of wood fibers in the PP matrix pro-
vides points of stress concentrations, thus providing
sites for crack initiation. Another reason for decrease
in impact strength may be the stiffening of polymer

Figure 2 The effect of the BF loading and MAPP content
on the tensile modulus.

Figure 3 The effect of the BF loading and MAPP content
on the notched impact strength.

Figure 4 The effect of the BF loading and PBNCO con-
tent on the tensile strength.

Figure 1 The effect of the BF loading and MAPP content
on the tensile strength.
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chains due to bonding between wood fibers and ma-
trix. For high impact properties, in fact, a slightly
weaker adhesion between fiber and polymer is desir-
able, as it would result in a higher degradation of
impact energy, supporting the so-called fiber pull-
out. Good adhesion on the contrary results in abrupt
fiber fracture with a minor energy degradation.40

Results as shown in Figure 3 are in agreement with
this hypothesis.

Although, the compatibilizing agent had no signif-
icant effect on the impact strength, the specimen
made with 3 wt % of MAPP exhibited slightly
higher impact strength than the specimen made
without compatibilizing agent. With the addition of
the compatibilizing agent, the interfacial bonding
between the fiber and the matrix polymer was
improved, thus the crack was not initiated at the
interface.

Poor impact strength may also be partly attributed
to some thermal degradation of fiber due to high
shear forces in the kneading section during com-
pounding. However, for specific applications, the
impact strength can be increased by using impact
modifiers47 or by using natural fibers having higher
microfibril angle.48

Effect of fiber loading and PBNCO content on
mechanical properties

Figure 4 shows the effect of fiber loading and the
effect of PBNCO treatment on the tensile strength of
the composites. Clearly, the strength increases as the
BF loading is increased up to 30%. Exceeding this
threshold value, the strength decreases. This indi-
cates that the mat which is formed from BF is able
to absorb stress transferred from the PP matrix. As
the weight of BF in the composite sample is kept
constant, an increase in the percentage of PBNCO
would result in the reduction of matrix material in
the composite. This study indicates that in addition
to the ability of the mat to absorb stress transfer, the
OH groups of BF contribute to the strength of the
composites. This contribution might be in the form

of OH-NCO reactions, producing urethane bonds.49

It is a proven fact that NCO groups of PBNCO is re-
active enough to react with OH from lignocellulosic
materials. However, the enhancement of the proper-
ties is mostly observed for composites with up to
10–30% BF by weight or its equivalent OH groups;
exceeding that the strength decreases as the % BF
OH groups are increased. By comparing the strength
of the untreated and isocyanate treated composites,
there is an indication that the isocyanate treated
samples fare better than the untreated. The reaction
of BF with functional isocyanate may result in the
reaction where one end would react with an OH
group of BF and the other free to react with PP. This
would create additional bonding to those of OH
groups of EFB with isocyanate from the matrix com-
ponent. This may explain why the isocyanate treated
samples display better strength than those without
treatment.
By looking at Figure 5, it can be seen that the

notched impact strengths of the composites with iso-
cyanate treated fibers are higher than those with the
untreated fibers. This again shows that composites
with treated fibers are able to absorb more energy
from the matrix and distribute it more efficiently in
the composite. This may be contributed to by the
same factors mentioned earlier in the case of tensile
properties. Overall, the results show that the impact
strength increases as the percentage of BF is
increased. This indicates that at high speed stress
generation, as in the impact test, the linkages formed
between the matrix and BF are not able to transfer
the stress as well as when it is subjected to lower
speed stress generation, as in tensile stress. How-
ever, those with 4% PBNCO treated fibers display
the highest impact strength which may be due to the
more flexible chains which could absorb and distrib-
ute energy efficiently.

Figure 5 The effect of the BF loading and PBNCO con-
tent on the notched impact strength.

Figure 6 The effect of MAPP and PBNCO content on the
notched impact strength.
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Effect of PBNCO and MAPP content on the
mechanical properties

Figure 6 shows the variation of tensile strength with
PBNCO and MAPP concentrations. Tensile strength
reveals an improvement with increase in PBNCO
with a 3% MAPP concentration. A similar trend is
seen in impact strength (Fig. 7). The improvement in
tensile strength can be attributed to a better interfa-
cial bonding, in the presence of PBNCO. It is worth
noting that the improved interfacial bonding facili-
tates better load transfer to the reinforcing member
and hence better tensile strength.50,51

CONCLUSIONS

A major issue in achieving true reinforcement from
the incorporation of natural fibers is the inherent
incompatibility between the hydrophilic fibers and
the hydrophobic polymers, which results in poor ad-
hesion and therefore in poor ability to transfer stress
from the matrix to the reinforcing fiber. The effects
of the incorporation of BF both with and without
compatibilizing agents (MAPP and PBNCO) on the
mechanical properties of PP composites were inves-
tigated. Mechanical properties, measured in tensile
and impact tests, demonstrated that the fibers used
in this work act as effective reinforcing agents for
PP. The tensile strength increases linearly with fiber
content from 22.5 to 26.9 MPa. Whereas, without
compatibilizer, the tensile strengths of the compo-
sites are in the range of 15 to 25 MPa at fiber loading
from 10 to 40%, suggesting that, there is little stress
transfer from the matrix to the fibers irrespective of
the amount of fiber present. From the study, it can
be summarized that the utilization of BF in mat
form has produced composites with acceptable
properties. The properties displayed by the compo-

sites are believed to be predominantly influenced by
the types of bonding produced. In general, the com-
posites with isocyanate treated fibers show higher
tensile and impact properties than those without
treatment.
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