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Influence of Epolene G-3003 as a Coupling Agent on the
Mechanical Behavior of Palm Fiber-Polypropylene
Composites

R. Kahraman
S. Abbasi
B. Abu-Sharkh
Chemical Engineering Department, King Fahd University of
Petroleum & Minerals, Dhahran, Saudi Arabia

Composites of palm fiber and polypropylene were compounded using a mixing
equipment connected to an extruder. The composites were then injection molded
into standard tensile specimens for mechanical characterization. The fracture
morphology of the specimens was also analyzed by Scanning electron microscopy.
It was observed that as the fiber content increases the composite modulus also
increases, which is an indication for the existence of adhesion to some degree
between polypropylene and the much stiffer palm fiber. However, the adhesion
is not satisfactory, resulting in decrease in composite tensile strength with fiber
addition. The compatibilizer Epolene G-3003 was used to minimize this incom-
patibility between the wood fibers and the polypropylene matrix. Utilizing Epo-
lene G-3003 improved the fiber-matrix adhesion, resulting in a significant
improvement in composite performance. The composite strength with 40wt%
fiber content and 6wt% compatibilizer almost reached the strength of pure
polypropylene.
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INTRODUCTION

Composite materials based on fibers of natural polymers, such as wood
cellulose fibers and thermoplastics recently attracted much attention
due to the remarkable environmental and economical advantages. The
primary advantages of using cellulosic fibers as reinforcements in
thermoplastics can be listed as low densities, low cost, nonabrasive nat-
ure, possibility of high filling levels, low energy consumption, high spe-
cific properties, biodegradability, availability of a wide variety of fibers
throughout the world, and generation of a rural=agricultural-based
economy [1–10]. It has been reported that, in the building community,
there is a growing demand for high-performance, low-maintenance, and
low-cost building components [11]. To meet this demand, natural
fiber–thermoplastic composites are being used to produce such products
as decking, window and door elements, panels, roofing, and siding.
There has also been a rapid growth in the extrusion business with the
use of wood-filled compounds for buildings and construction [12]. The
better provision for longevity, appearance, life-cycle cost, and value
makes wood–plastics composites popular in use in the markets. Wood-
plastics are resistant to insect, rotting, slip, and are attractive and pain-
table and are stiffer than plastics and used like wood. The extruded
composites can eliminate sizing and calibration. This is because the stiff
extrudate can hold its shape much better than unfilled plastics. Engi-
neered wood materials, that is, wood–plastic composites (WPCs), are
also being investigated for waterfront construction applications prim-
arily because of their superior durability characteristics compared to
wood [13].

Polypropylene=wood fiber composites have attracted special atten-
tion because of their wide applicability in automobile and panel manu-
facturing applications. These composites take advantage of the
superior properties of polypropylene in comparison to other thermo-
plastics, including easy processibility by all processing methods
(molding, extrusion, film and fiber manufacturing). In addition, poly-
propylene is far superior to polyethylene in terms of heat resistance
and mechanical properties. Its low density makes it especially attract-
ive in lightweight applications that require strength. Furthermore,
PP composites can be used in electrical applications because of their
excellent electrical properties.

There are, however, a few disadvantages of using cellulosic fibers
in thermoplastics such as the high moisture absorption of the fibers
[14–15], the low processing temperatures permissible [2, 16–17], and
the incompatibility of hydrophilic cellulose fibers and typical hydro-
phobic commodity thermoplastics, such as polyolefins [2, 15–19].
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The moisture absorbed by the composite and the corresponding
dimensional changes can be reduced dramatically if the fibers are
thoroughly encapsulated in the plastic and the adhesion between the
fiber and the matrix is strong [15, 17]. If necessary, moisture absorp-
tion of the fibers can be significantly reduced by the acetylation of the
hydroxyl groups present in the fiber [20]. The shortcomings of the
moisture absorption of the composite can also be minimized by select-
ing applications where the high moisture absorption is not a major
drawback. For example, polyamide and its composites absorb water,
but applications are such that this deficiency is not of prime
importance [17].

The processing temperature of the cellulosic fibers in thermoplas-
tics is limited due to the potential fiber degradation at higher tempera-
tures. This just limits their application to plastics with low melting
temperatures. However, it has been reported that no deterioration of
properties are observed when processing temperatures are maintained
below about 200�C [17]. It has also been noted that if the composite
compositions are treated with sodium borate, boric acid, or phenolic
resin, the chance of burning of the compositions during processing
can be decreased [21–22].

The inherent polar and hydrophilic nature of the cellulosic fibers
and the non-polar characteristics of polyolefins create difficulties in
compounding and result in inefficient composites. However, it has
been shown that the use of compatibilizing and coupling agents for
treating fibers prior to, or as an addition in, the compounding step
enhances the compatibility and adhesion between the fibers and the
matrix and the fiber dispersion in the matrix, thus improving the
mechanical properties [23–33].

Various chemical reagents have been employed to enhance the com-
patibility between the constituent materials. These include Epolene
G-3002 [34], Epolene E-43 (Maelic anhydride modified polypropylene)
[18], poly[methylene(polyphenyl isocyanate)] (PMPPIC), c-methacry-
loxypropyltrimethoxysilane, poly(propylene acrylic acid), and poly
(propylene-ethylene acrylic acid) [35].

Maleated (maleic-anhydride-modified) polypropylene has been
particularly successful as a coupling agent in cellulose-polypropylene
composites, improving mechanical properties as a consequence of
enhanced interfacial adhesion [2, 17, 18, 21, 27, 36]. It has been
reported that cellulose fibers treated with the copolymer turned totally
hydrophobic due to the concentration of a considerable amount of copo-
lymer on the fiber surfaces [2]. The copolymer was bonded to the fibers
by ester linkages and hydrogen bonds accounting for the adhesion in
the system.
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Some other interface modifiers used as effective compatibilizers for
polypropylene-wood fiber composites include bismaleimide- and itaco-
nic anhydride–modified polypropylene [21], m-phenylene bismalei-
mide [16], and silane coupling agents, such as vinyl-tris(2-methoxy
ethoxy) [31], with or without maleated polypropylene coating. Corona
treatment of the cellulose fibers might also substantially improve the
composite properties [28, 37]. Dynamic crosslinking of a maleated
polypropylene compatibilized and thermosetting resin-coated cellu-
lose-filled polypropylene composition has also been reported to pro-
duce a thermoplastic composite with tensile strength higher than
that of unfilled polypropylene [38].

Isocyanates, such as poly[methylene(polyphenyl isocyanate)]
(PMPIC), have been used successfully as compatibilizing agents
in wood fiber–polystyrene and wood fiber–polyvinyl chloride (PVC)
composites [39–40]. They have been observed to be more effective when
used togetherwithmaleic anhydride in the presence of benzoyl peroxide
for the case of wood fiber–polystyrene composites [39]. Pretreating the
fibers with a silane agent and a polyisocyanate has been reported to
improve the interfacial adhesion inwood fiber–polyethylene composites
[41]. It has also been reported that polymethyl methacrylate (PMMA)–
grafted cellulose fibers improved the mechanical properties of plasti-
cized PVC composites [42].

Oxidation and darkening occur during the processing of composites
made from thermoplastic matrices and cellulosic reinforcements.
Urreaga et al. [43] investigated the effects of coupling agents on the
oxidation and darkening of cellulosic materials used as reinforcements
for thermoplastic matrices in composites. A maleated polypropylene
wax (Epolene E-43) and two silanes (N-2-aminoethyl-3-aminopropyl-
trimethoxysilane and methyltrimethoxysilane) were used as coupling
agents. Epolene wax E-43 produced scarce effects on both the oxi-
dation and darkening of cellulosic materials at 200�C. Only for longer
oxidation times was an increase in oxidation and darkening observed
in E-43-treated samples. Silane coupling agents inhibited the forma-
tion of carbonyl and carboxyl groups for shorter oxidation times.

It was the objective of this study to investigate the feasibility in
terms of mechanical properties for utilizing wood fibers obtained from
waste palm tree branches in reinforcing polypropylene with Epolene
G-3003 (a maleic-grafted polypropylene) as the compatibilizer. Palm
trees are abundant in the Kingdom of Saudi Arabia and polypropylene
is locally produced by Saudi Basic Industries Corporation (SABIC). If
shown to be feasible, the utilization of waste palm tree branches in
reinforcing thermoplastics will be an economical and useful service
to the environment and society.
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EXPERIMENTAL

Materials

Polypropylene used in the study was supplied by Saudi Basic Indus-
tries Corporation. The brand name for it is Ladene PP570P. It is a
homopolymer for producing rigid injection-molded articles. It is parti-
cularly suited for molding houseware items.

The compatibilizer used in the study is Epolene G-3003 supplied
by Eastman Chemicals. Epolene G-3003 is a maleic-grafted poly-
propylene having optimum functionality and molecular weight to
minimize phase separation between polar reinforcement=fillers and
non-polar polymers in filled composites.

FIGURE 1 Tensile modulus vs. fiber content for polypropylene reinforced
with small and large palm fiber.

Epolene G-3003 as a Coupling Agent 487

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
0
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Fiber Preparation

Branches obtained from palm trees were cut into pieces about 6 in
long. Thereafter they were dried in the sun for a few days so that most
moisture was removed. The pieces of branches were then granulated
to a small size using a granulator. The fibers were then size separated
by using a sieving machine. Two different size distributions of fibers
(called large and small fibers) were used for study. The fiber size
distributions were characterized using a digital vernier caliper. The
lengths of the fibers were determined to be 4.77� 1.75mm and
2.96� 1.19mm for large and small fibers, respectively. They both
had aspect ratio of about 11.

FIGURE 2 Tensile strength vs. fiber content for polypropylene reinforced
with small and large palm fiber.
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The fibers obtained were then cleaned to remove low molecular
weight, soluble organic compounds. The chemicals used for cleaningwere
ethanol and toluene in the ratio of (1:2) (V=V). The mixture of these two
chemicals was prepared in a large container. The fibers were then added
to the mixture and kept in it for about two days. The fibers were then
washed with water and put in an oven at 80�C to remove the moisture.

Composite Processing

Mixing of the composite components was done by a mixing device
(Brabender Measuring Head, Model S-650, No:G126). This equipment

FIGURE 3 Tensile strength vs. fiber content for palm fiber-polypropylene
matrix composites compatibilized by 2wt% Epolene G-3003.
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was mounted with a single screw extruder. The fibers and the resins
were first hand mixed in a bowl and then transferred to the extruder.
Through preliminary tests, optimum processing conditions that will
produce samples with maximum dispersion of fibers, good mechanical
properties, good color and smell were determined. The mixed com-
posite thus obtained from the extruder had a lumpy shape. It was
granulated and transferred into a molding machine (Engel Electronics
Model ES 80=25 ST pressure 160 bar, T ¼ 200�C) to obtain tensile
specimens of ASTM test standard No. D-638–94B.

FIGURE 4 Tensile modulus vs. fiber content for palm fiber-polypropylene
matrix composites compatibilized by 2wt% Epolene G-3003.
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Material Characterization

The samples were mechanically characterized using an Instron 5560
Mechanical Testing Machine according to the ASTM test standard
D-638. The tests were conducted at constant strain rate of 2mm=min.

Scanning electron microscope (JEOL-JSM-T-300) was used to ana-
lyze the fracture surface of the composites from the tensile tests. The
objective was to get information regarding the effect of the compatibi-
lizer on fiber dispersion and adhesion quality between fibers and the
matrix. JEOL-Fine Coat Ion Sputter was used to coat a thin layer
of gold on the specimen to avoid electrostatic charging during

FIGURE 5 Tensile strength vs. fiber content for palm fiber-polypropylene
matrix composites compatibilized by 4wt% Epolene G-3003.
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examination. The fracture ends of the specimens were thereafter
mounted on aluminum stub for analysis.

RESULTS AND DISCUSSION

Figure 1 shows the effect of fiber size and content on the tensile modu-
lus of palm–polypropylene composite. As seen, the increase in fiber
content increases the composite modulus for both small and large
fiber, which is an indication for the existence of adhesion to some
extent between polypropylene and the much stiffer palm fiber.

Figure 2 shows the effect of fiber size and content on the tensile
strength of palm fiber–polypropylene composite. As the fiber content

FIGURE 6 Tensile modulus vs. fiber content for palm fiber-polypropylene
matrix composites compatibilized by 4wt% Epolene G-3003.
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is increased the tensile strength decreases. This might be attributed
to the poor adhesion between the fiber and polypropylene. This result
does not contradict the improvement in composite stiffness with fiber
addition shown in Figure 1. The modulus is related to the stiffness of
the material at small deformations (before fracture) and it is
obtained from the slope of the straight portion of the stress-strain
curve. Existence of adhesion (even weak) between fibers and the
matrix would then improve composite modulus. However, composite
tensile strength is a result of material fracture at the weakest point
of the material, which might occur below the matrix (polypropylene)
strength if the adhesion between the fibers and the matrix fails at a
lower stress.

FIGURE 7 Tensile strength vs. fiber content for palm fiber-polypropylene
matrix composites compatibilized by 6wt% Epolene G-3003.
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As also shown in Figures 1 and 2, the difference in the results
obtained with small or large fibers was not significant considering also
the scatter in data. But still the composite strength with small fiber
was observed to be consistently higher than that with large fibers
although the same effect was not observed in the case of composite
modulus. This is probably because of better mixing and more uniform
distribution of small fibers in the polypropylene matrix as compared to
large fibers. Accumulation or non-uniform orientation of fibers at some
parts of the composite can result in fracture at these weak points giv-
ing lower strength in the case of larger fibers. Non-uniformities in
fiber distribution here and there (if not so extensive) would not affect

FIGURE 8 Tensile modulus vs. fiber content for polypropylene reinforced
with large palm fibers without any treatment and with utilizing compatibilizer
Epolene G-3003 at various amounts.
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the composite modulus to the same extent because the modulus is the
bulk material property before fracture.

The next step was to utilize the compatibilizer to see its effect on
composite performance. Figures 3 and 4 show the effect of adding
2wt% Epolene G-3003 on the tensile strength and modulus of the com-
posite, respectively, with varying fiber loading and fiber length distri-
bution. The composite behavior is similar to that of the
uncompatibilized one. Again the tensile strength drops as fiber loading
is increased. Small fibers result in somewhat better composite
strength than large fibers, and the modulus increases with the
increasing fiber loading. However, the noticeably higher composite
strength values relative to that of uncompatibilized ones is an

FIGURE 9 Tensile modulus vs. fiber content for polypropylene reinforced
with small palm fibers without any treatment and with utilizing compatibili-
zer Epolene G-3003 at various amounts.
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indication of improvement in fiber-matrix adhesion with 2wt%
Epolene G-3003.

Figures 5 and 6 show the effect of 4 wt% Epolene G-3003 on com-
posite strength and modulus with varying fiber loading and fiber
length distribution. The composite behavior is similar to that of the
composite compatibilized with 2wt% Epolene G-3003 but with higher
strength values obtained at each fiber content.

Mechanical performance of the composite improved further with
increasing the compatibilizer content to 6wt% (Figure 7) and the com-
posite strength at 40wt% fiber content (about 32MPa for small fibers

FIGURE 10 Tensile strength vs. fiber content for polypropylene reinforced
with large palm fibers without any treatment and with utilizing compatibilizer
Epolene G-3003 at various amounts.
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and 30MPa for large fibers) almost reached that of the unreinforced
polypropylene (about 34MPa).

The results discussed earlier were combined together in Figures
8–11 to show the effect of compatibilizer amount on the composite
properties in a more convenient way for polypropylene reinforced with
small and large palm fibers. As seen in Figures 8 and 9 composite
modulus increases with fiber content for composites with the compati-
bilizer added at various amounts (2, 4, and 6wt%) as well as for the
ones with no compatibilizer. As also already discussed this is an indi-
cation for the existence of adhesion between palm fibers and poly-
propylene matrix even in the composites without any compatibilizer.

FIGURE 11 Tensile strength vs. fiber content for polypropylene reinforced
with small palm fibers without any treatment and with utilizing compatibili-
zer Epolene G-3003 at various amounts.
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However, the use of compatibilizer might have increased the
adhesion strength, which is not clear in the plots of modulus versus
fiber content but is quite clear in Figures 10 and 11, which present
plots of tensile strength versus fiber content for uncompatibilized
and compatibilized palm–polypropylene composite with small and
large fibers. As seen, there is a significant improvement in tensile
strength with addition of the compatibilizer.

The data presented earlier can be rearranged to be able to discuss
the effect of varying compatibilizer content on the mechanical proper-
ties of the polypropylene composite. Figure 12 shows the tensile
strength versus compatibilizer content for Epolene G-3003 with vary-
ing fiber loading. It is seen as a general trend for the two fiber length

FIGURE 12 Tensile strength vs. compatibilizer content for polypropylene
reinforced with palm fibers without any treatment and with utilizing
compatibilizer Epolene G-3003 at various amounts.
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FIGURE 13 SEM micrograph of a fractured surface of a 30wt% palm
fiber-polypropylene composite with no compatibilizer.

FIGURE 14 SEM micrograph of a fractured surface of a 30wt% palm
fiber-polypropylene composite with no compatibilizer.

Epolene G-3003 as a Coupling Agent 499

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
0
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



distributions that increasing amount of compatibilizer content
increases the tensile strength, which is an indication of a probable
increase in fiber-matrix adhesion strength.

Fracture surfaces of the mechanically tested composite specimens
were analyzed by scanning electron microscopy (SEM). It was seen
that polypropylene composites containing no compatibilizer resulted
in rough fracture surfaces with extensive fiber pullout (Figures
13 and 14). This is an indication of poor bonding between the fiber
and the polypropylene matrix (as compared to that of the composites
with compatibilizer treated fibers, discussion of which will follow).
This explains why composites with untreated fibers perform worse
than those with compatibilizer treated fibers.

Once the compatibilizer Epolene G-3003 was incorporated it was
seen that instead of fiber pullout, a much smoother fracture surface
was observed (Figures 15 and 16) as compared to that of the composite
without the compatibilizer (Figures 13 and 14). The reason for this
observation is probably that the incorporation of the compatibilizer
G-3003 significantly enhanced the interfacial adhesion between the

FIGURE 15 SEM micrograph of a fractured surface of a 30wt% fiber
palm-polypropylene composite compatibilized with 6wt% Epolene G-3003.
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fibers and matrix That is why a higher load was transferred onto the
fibers, hence the higher observed composite strength (as discussed
earlier).

CONCLUSIONS

1. Existence of adhesion between the palm fiber and polypropylene to
some degree resulted in increase in polypropylene modulus with
fiber addition.

2. However, the fiber-matrix bond strength in palm–polypropylene
system was not satisfactory, resulting in decrease in polypropylene
strength with fiber addition.

3. Small fibers resulted in better composite performance due to better
mixing and more uniform distribution of small fibers in the poly-
propylene matrix as compared to large fibers.

4. Utilizing the compatibilizer Epolene G-3003 improved the fiber-
matrix adhesion, resulting in a significant improvement in com-
posite performance.

FIGURE 16 SEM micrograph of a fractured surface of a 30wt% fiber palm-
polypropylene composite with Epolene 6wt% G-3003.
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5. Increase in compatibilizer content resulted in further increase in
composite strength and the composite strength with 40wt% fiber
content and 6wt% Epolene G-3003 reached close to the strength
of unreinforced polypropylene.
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