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ABSTRACT: Two types of long jute fiber pellet consisting of twisted-jute yarn (LFT-JF/PP) and untwisted-jute yarn (UT-JF/PP) pellets
are used to prepare jute fiber—reinforced polypropylene (JF/PP) composites. The mechanical properties of both long fiber composites
are compared with that of re-pelletized pellet (RP-JF/PP) of LFT-JF/PP pellet, which is re-compounded by extrusion compounding.
High stiffness and high impact strength of JE/PP composites are as a result of using long fiber. However, the longer fiber bundle con-
sequently affects the distribution of jute fiber. The incorporation of 10 wt % glass fibers is found to improve mechanical properties
of JF/PP composites. Increasing mechanical properties of hybrid composites is dependent on the type of JF/PP pellets, which directly
affect the fiber length and fiber orientation of glass fiber within hybrid composites. © 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015,

132, 41819.
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INTRODUCTION

Short fiber-reinforced polymer (SFRP) composites have been
widely used for several decades and their market share is con-
tinuously growing in several applications such as automobiles,
machine parts, durable consumer items, sporting goods, and
electrical industrial. The SFRP composites usually made of glass
fibers reinforced polymer matrix have played a dominant role
in various applications due to their high mechanical properties.
However, usage and disposal of glass fiber-reinforced polymer
composite have been becoming critical because of their nonbio-
degradability. Concern about disposal and recycling has led to
renew the interest in renewable and biodegradable materials. As
a result, new types of composites based on natural fibers have
been developed in recent years. Since the 1990s, natural fiber
composites are emerging as realistic alternative materials to glass
fiber-reinforced polymer composites in many applications. One
of the largest areas of recent growth in natural fiber-reinforced
polymer composites is the automotive industry, where the natu-
ral fibers are advantageously used as a result of their low density
and increasing environmental awareness. Furthermore, the cost
saving due to the relatively low cost of natural fibers and the
advantages of being nonabrasive to the molding equipment are
benefits that to be used in several applications. Natural fiber
composites are also claimed to offer environmental advantages
such as reduced dependence on nonrenewable resources, lower
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pollutant emissions, lower greenhouse gas emissions, enhanced
energy recovery, and end of life biodegradability of components.
Several articles reported that the life cycle assessment studies
comparing the using of natural fiber and synthetic fiber in com-
posite materials. Natural fibers production results in lower envi-
ronmental impacts, reduces the amount of more polluting base
polymer matrices, improves fuel efficiency, and end of life incin-
eration of natural fibers results in energy and carbon credit.'™
Furthermore, the rising concern toward environmental issues
has led to increasing interest in fully green composites. These
fully green composites consist of biodegradable polymer matrix
and natural fibers. Many research works reported the applica-
tions of green composites. Several matrix materials deriving
from renewable resources may well represent promising materi-
als for application in green composites. At end of their life, they
can be easily disposed of or composted without harming the
environment. However, due to the molding methods, bio-based
polymer matrices is, generally, made by uncompetitive price,
which makes them unaffordable even for large-scale produc-
tions. The challenges still exist in the development of more suit-
able cost-effective fabrication techniques as well as composites
having superior mechanical properties using natural fibers as
reinforcement.””

To use natural fibers with commodity thermoplastics, it is nec-
essary to improve the adhesion bonding between fiber and
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Table I. Properties and Price of Polypropylene, Glass Fiber and Jute Fiber
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Materials Density (gcm™3) Price (USDkg™1) Tensile modulus (GPa) Tensile strength (MPa)
Polypropylene 0.9-1.16 1.65 1.1-1.6 30-40

Glass fiber 2.55 2 70-73 2000-3500

Jute fiber 1.3-1.49 0.925 13-26.5 393-800

matrix because most of hydrophilic natural fibers are incompat-
ible with hydrophobic thermoplastic matrices. This may also
result in nonuniform dispersion of fibers within the matrix. In
order to improve the affinity and adhesion between reinforce-
ments and thermoplastic matrices in production, chemical cou-
pling agents have to be employed. Chemical coupling agents are
used in small quantities to treat surface in such a way that
increased bonding between treated surface and matrices. A
number of recent papers exist regarding the use of coupling
agents for natural fiber-reinforced thermoplastic composites.
The results are quite variable, depending on the polymer matrix
used, fiber type and quantity, the type of coupling agent used,
and processing techniques.'®™"®> Another primary drawback of
the use of natural fibers is the low-processing temperature
required. Their high moisture sensitivity also leads to severe
reduction in mechanical properties and may results in the for-
mation of water vapor during processing which can give rise to
several problems."™'> Recently, the hybridization with other
reinforcing materials for improved the disadvantages of natural
fiber composites is one of the interesting issue. The concept of
hybrid systems for improved material performance is well
known in engineering design. The behavior of hybrid compo-
sites is a weighed sum of the individual component in which
there is a balance between the inherent advantages and disad-
vantages. The selection of the components is determined by the
purpose of hybridization and requirements imposed on the
material design. Hybrid green composites can be designed
by the combination of synthetic fiber and natural fiber in a
matrix. The effect of hybridization of glass fiber on mechanical

biocomposites has been discussed in detail by many researchers.
Hybridization of natural fiber with glass fiber provides a
method to improve the mechanical properties of green compos-
ite. Furthermore, a number of studies also report that the addi-
tion of glass fiber improved environmental durability of natural
fiber composites.'®2°

For the processing issue, the major processes that used in man-
ufacturing of short fiber-reinforced polymer composites are
extrusion compounding and injection molding because of the
advantages in mass production. However, the extrusion com-
pounding has a practical processing limit on the fiber attrition
issue, which decreased the reinforcing efficiency of the fibers.
Furthermore, for most of natural fiber, the primary problems in
extrusion compounding of natural fiber with polymer matrix
are the dosage and the homogeneous distribution of the fibers.
Because of the low fiber density, the fibers are hard to pour
into the compounding barrel. The solution to the dosing prob-
lem can be achieved through the using of long fiber thermo-
plastic granulation technology. In the recent years, there has
been a rapid growth in the development of long fiber reinforced
thermoplastic composites. Long fiber thermoplastics (LFT) have
found general acceptance as structural materials and increased
penetration of the automotive market. Long fiber-reinforced
thermoplastic have excellent mechanical properties and stiffness-
to-weight ratio. The largest segment of LFT composites is LFT
polypropylene composites, which offered performance interme-
diate between short fiber-reinforced polymer and glass-mat
thermoplastic (GMT) composites. Pultrusion is often used for

properties in thermoset biocomposites and thermoplastic  producing long fiber thermoplastic pellets (LFT), which are
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Figure 1. Schematic illustration represents the long fiber pultrusion process of twisted and un-twisted long fiber JE/PP pellet.
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Figure 2. Characteristic of JE/PP pellets; (a) LFT-pellet, (b) UT-pellet, and
(c) RP-pellet.

then used for producing relatively long fiber-reinforced polymer
composites using conventional injection molding and compres-
sion molding. The precompounded LFT pellet can be supplied
in highly loaded up to 70% fiber and can be diluted like a mas-
terbatch to customize loading levels. The composites made with
long glass fiber pellet in an injection molding exhibit the high
strength and high stiffness values when compared with conven-
tional short fiber-reinforced polymer composites.”” > Recently,
many research works have been developed the fabrication of
long natural fiber-reinforced thermoplastic through LFT tech-
nology. By the LFT technology, natural fiber-reinforced thermo-
plastic pellets with very high fiber concentration can be
obtained. Furthermore, the reduction in thermal degradation of
natural fiber during compounding was observed when com-
pared with the conventional extrusion compounding because of
the lower applied shear force. This LFT technology is a signifi-
cant driving force for the using of natural fiber composite in
automotive applications. Unlike synthetic fibers, most of natural
fibers using in LFT technology are supplied in the form of spun
yarns because of the requirement of continuous feeding of long
fiber during pultrusion process. The advantages of using spun
yarn to produce LFT natural fiber pellet are high fiber loading
content and low variation of fiber content when compared with
conventional compounding processes. To obtain the highest
loading content, a number of natural fiber yarns are twisted
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together and passed through the impregnation die to produce
long rods, which can be cut to obtain the pellets.”>*

In this study, in order to improve the distribution of jute fiber,
the twisted and un-twisted of four jute yarns in long fiber jute
fiber pellets were prepared by pultrusion technology. In addi-
tion, the re-compounded pellets of jute fiber pellet by extrusion
compounding were also prepared to compare the effect of size
of jute fibers. The effect of twisted and un-twisted jute yarn
during LFT pellet preparation and re-compounding on mechan-
ical properties of jute fiber/polypropylene composites was eval-
uated. In addition, the three different jute fiber pellets were dry
blended with LFT glass fiber pellet to prepare hybrid compo-
sites. The mechanical properties enhancement efficiency of glass
fiber hybridization with the using of different jute fiber pellet
was determined.

EXPERIMENTAL

Materials and Specimen Preparation

In this study, jute fiber and glass fiber are selected as the rein-
forcement for polypropylene. The available properties and prices
of reinforcements and matrix are listed in Table I. It is impor-
tant to note that the prices, which are included in Table I, are
adopted from several sources and thus may not represent the
present state. In general, the commercial grade of jute yarn is
produced by spinning process from short jute fiber with differ-
ent twist factor for several applications. In the long fiber pellet
making process of natural fiber, the common grade of jute yarn
is selected to evaluate the effect of twisting process during pellet
preparation. The twisted jute yarn (LFT-JF/PP) and un-twisted
jute yarn (UT-JF/PP) pellets of jute fiber/polypropylene with 40
wt % jute fiber (supplied by Calp Co. Ltd.) were produced by
the long fiber pultrusion process as schematically represented in
Figure 1. For the making of LFT-JE/PP pellet, four jute yarns
were twisted together and passed through the impregnation die.
On the other hand, four jute yarns were separately passed
through the impregnation die for the making of UT-JF/PP pel-
let. In order to keep the weight fraction of jute fiber at the
same content for both jute long fiber pellets, the length of LFT-
and UT-pellets were 8 and 4 mm, respectively. In addition, in
order to compare composites fabricated from long fiber pellet

Table II. Specimen Designation and Composition of Composites

Glass fiber Jute fiber Polypropylene

Code (wt %) (Wt %) (wt %)
PP 0 0 100
J10 0 10 90
J20 0 20 80
J30 0 30 70
J40 0 40 60
G10J0 10 0 90
G10J10 10 10 80
G10J20 10 20 70
G10J30 10 30 60
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Figure 4. High magnification of SEM micrograph of cross section of JF/PP pellets; (a) LFT-pellet, (b) UT-pellet, and (c) RP-pellet.
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Figure 5. Tensile properties of JF/PP composites as a function of jute fiber content: (a) tensile modulus, (b) tensile strength.
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Figure 6. Micrograph of the middle part of 10 wt % JF/PP composites; (a) LFT-JF/PP, (b) UT-JF/PP, and (c) RP-JF/PP.

with short fiber pellet, the LFT-JF/PP pellets were re-compounded
by using twin-screw extruder (JSW TEX30HSS) at barrel tempera-
ture 200°C and cut to the length of 4 mm to obtain the re-
compounded pellets (RP-JE/PP pellet). The characteristic of three
different JE/PP pellet were presented in Figure 2.

Besides jute/PP pellets, additionally, long fiber pellet of glass
fiber/polypropylene (LFT-GE/PP) with 60 wt % glass fibers was
also produced by long fiber pultrusion process (Calp Co. Ltd)
to mold hybrid composites. The 2 wt % of maleic anhydride
grafted polypropylene (MAPP) was added into both JE/PP and
GF/PP pellet during pellet making process to improve the

SeKrm 108881

interfacial bonding between fiber and polypropylene matrix.
The pellets were dry blended with polypropylene to obtain the
desired composition for both monotonic and hybrid composites
as shown in Table II. The dumbbell shape specimens were fabri-
cated by injection molding machine (POYEUN 50 tons). The
barrel temperatures were set at 200°C while injection and hold-
ing pressure were 85 and 70 MPa, respectively.

Testing

Tensile tests (ASTM D638) were performed with an Instron uni-
versal testing machine (Instron 4206 model) at a constant cross-
head speed 1 mmmin '. The strain was measured by using

Figure 7. SEM micrograph of tensile fracture surface of JF/PP composites at x350 magnification; (a) LFT-JF/PP, (b) UT-JE/PP, and (c)

RP-JE/PP.
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Figure 8. SEM micrograph of tensile fracture surface of 40 wt % JF/PP
composites; (a) LFT-JF/PP, (b) UT-JE/PP, and (c) RP-JF/PP.

strain gauge extensometer. Three-point bending tests (ASTM
D790) were also conducted with an Instron universal testing
machine (Instron 4206 model). The testing speed was 1
mmmin~" with span length 48 mm. Notched Izod impact tests
were performed on the Digital Impact tester (Toyoseki) with 5.5
J pendulums in accordance with ASTM D256. The V-notch
shape with 2 mm depth was prepared. At least five specimens
were repeated for all tests.

Scanning Electron Microscopy Observation

Scanning electron microscopy (JEOL JSM 5200) was conducted
on the fracture surface to examine the failure surface. The frac-
ture ends of tensile-tested specimens were mounted on alumi-
num holders and gold sputtered for 6 min prior the
observation to avoid electrical charging during observation.

Measurement of Fiber Length and Fiber Orientation
The 20 X 10 X 3 mm piece was cut from the center of each ten-
sile dumbbell. The glass fiber was subsequently separated from

6.0
1 (a)
__5.0
z &
[U)
=40 é
3
E ] 8
B30 -
E 3
L0 ] é
277 % O LFT-JFPP
T OUT-IFPP
10 - A RP-JFPP
X pp
0.0 +rr R EREREES
0 10 20 50

30 40
Jute fiber content (wt.%)

WILEYONLINELIBRARY.COM/APP

Applied Polymer

6.0 -
5.0 1
Eaq0 1
2 2
= 1
‘Ez‘n 4
£3.0 -
£ D
o 4
g20 & A
| © LET-JEPP
O UT-JFPP
1.0 - é
" A RP-JFPP
] X PP
0.0
0 10 20 30 40 50

Jute fiber content (wt.%)

Figure 10. Notched Izod impact strength of JE/PP composites as the func-
tion of jute fiber content.

the matrix and jute fiber by burning off the resin using muffle
furnace at 600°C for 6 h in order to completely eliminate both
jute fiber and polypropylene matrix. The remained glass fiber
were dispersed on glass slide and analyzed by using image anal-
ysis software. The weight average fiber length were defined by
the following eq. (1):!

LW:ZNiLf/ZNiLi (1)

where N; is the number of fibers of length L;.

Fiber orientation can be measured using an image analyzer sys-
tem. The direct measurement of the elliptical parameters of
each fiber allows the fiber orientation distribution to be meas-
ured. A 5 mm in length section was cut from the center of each
tensile dumbbell. The samples were subsequently mounted in
epoxy, polished, and photographed under microscope. The fiber
orientation efficiency factor (f,) can be determined by using the
following eq. (2)77
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Figure 9. Flexural properties of JF/PP composites as a function of jute fiber content: (a) flexural modulus, (b) flexural strength.
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Figure 11. Weight average fiber length of glass fiber of GF/JF/PP hybrid
composites as the function of jute fiber content.

fU=Zancos40n (2)

Where a, was the proportion of fibers making an angle 0,with
respect to the flow direction.

RESULTS AND DISCUSSION

Characteristic of Jute Fiber/Polypropylene Pellet

The SEM micrographs of three different JF/PP pellets are pre-
sented in Figures 3 and 4. The surfaces of jute yarns are covered
by PP matrix and showed good interfacial bonding. This is due
to the effect of 2 wt % MAPP that was added during pellet
making process. However, it can be seen that the impregnation
between PP matrix and single fiber of jute fiber inside the yarn
is poor for both LFT and UT long fiber pellet [Figure 4(a,b)].
On the other hand, the RP pellet shows better adhesion between
single jute fiber and PP matrix as presented in Figure 4c. The
extrusion compounding process significantly influences the
shortening of jute fibers in the RP pellets through the shearing
effect of the extruder screws.
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Figure 12. Fiber orientation efficiency of glass fiber of GF/JF/PP hybrid
composites as the function of jute fiber content.

Mechanical Properties of Jute Fiber/Polypropylene
Composites

The tensile moduli of three different JF/PP composites are pre-
sented in Figure 5a. The stiffness of LFT-JF/PP and UT-JF/PP
composites show similar value and increased with increasing of
jute fiber content. There is no significant difference in tensile
modulus between the using of twisted and/or un-twisted long
fiber pellet. Tensile modulus of RP-JF/PP composites is lower
than both LFT and UT composites because of the shorter fiber
length of jute fiber in RP-JF/PP composites. Tensile strength of
all three different JE/PP composites increases with jute fiber
content with the exception of 10 wt % for LFT-JE/PP and UT-
JE/PP composites as presented in Figure 5b. At 10 wt % jute
fibers content, tensile strengths of LFT-JF/PP and UT-JF/PP are
lower than the neat polypropylene matrix. The bundles of jute
fiber are clearly found in LFT-JE/PP and UT-JF/PP composites
as shown in Figure 6. These poor distributions of jute fiber
bundle at low fiber content result as the high stress concentra-
tion and crack initiation site when stress applied to composites.
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Figure 13. Tensile properties of GF/JE/PP hybrid composites as the function of jute fiber content: (a) tensile modulus, (b) tensile strength.
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Figure 14. SEM micrograph of tensile fracture surface of GF/JF/PP hybrid
composites at x500 magnification.

Tensile strength of LFT-JF/PP and UT-JE/PP increase with jute
fiber content up to 30 wt %. Figures 7 and 8 represent the SEM
micrographs of fracture surfaces of JF/PP composites after ten-
sile test. The good interface between jute fiber and PP matrix
results in effective stress transfer from matrix to fibers and
exhibited the good reinforcing efficiency. Further increasing of
jute fiber content decreases the tensile strength of LFT-JF/PP
and UT-JE/PP composites. According to SEM observations in
Figure 8, jute fibers of LFT-JF/PP and UT-JE/PP are aggregated
in the bundle form at the core region and oriented in transverse
direction. Moreover, the poor impregnation with matrix resin
inside jute fiber bundle [Figure 4(a,b)] is expected to be the
crack initiation site. These are the main factors incorporating
with the poor fiber orientation which contributing to the low
tensile strength of LFT-JF/PP and UT-JF/PP composites at 40
wt % jute fibers content. However, the tensile strength of jute

Figure 15. SEM micrograph of tensile fracture surface of 10 wt % glass
fiber and 30 wt % jute fiber hybrid composites; (a) LFT-Hybrid, (b)
UT-Hybrid, and (c) RP-Hybrid.
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Figure 16. The marked photograph of jute fiber of hybrid composite
shows different distribution of jute fibers; (a) LFT-Hybrid, (b)
UT-Hybrid, and (c) RP-Hybrid.

fiber RP-JF/PP composite increased even at high fiber loading
content. This indicates that the fiber distribution and fiber ori-
entation play critical roles in determining the mechanical prop-
erties of JF/PP composites fabricated by injection molding.

Flexural properties of JF/PP composites as a function of jute
fiber content are presented in Figures 9(a,b). The flexural mod-
uli of all JE/PP composites show similar value and increase with
the increase in jute fiber content. Unlike tensile property, there
is no significant difference in flexural modulus of JF/PP compo-
sites between the using of different precompounded pellets. The
results in Figure 9b indicate that flexural strength of all three
different JF/PP composites increase with jute fiber content with
the exception at 10 wt % fiber content for LFT-JF/PP and UT-
JE/PP composites. This is due to the poor distribution of jute
fiber as discussed previously.

The notched Izod impact strength of JF/PP composite as a
function of jute fiber content is presented in Figure 10. It is
clear that LFT- and UT-JE/PP composites perform significantly
better impact property than the RP-JE/PP composites. This is
because fiber length has a strong effect on impact strength of
short fiber-reinforced composites. However, the differences of
impact strength between LFI- and UT-JF/PP composites are
insignificant. Furthermore, the large deviation from average
value is observed for both LFT-JF/PP and UT-JF/PP composites.
This is caused by the poor distribution of jute fiber, which is
unable to separate from the bundle form.

Mechanical Properties of Glass Fiber/Jute Fiber/
Polypropylene Hybrid Composites

In this study, the 10 wt % jute fibers are substituted by 10 wt
% glass fibers for the preparation of hybrid composites as listed
in Table I. Generally, fiber length and fiber orientation are the

J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.41819
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Figure 17. Flexural properties of GF/JF/PP hybrid composites as the function of jute fiber content: (a) flexural modulus, (b) flexural strength.

major factors that play critical roles in determining the per-
formance of injection molded composites. In the case of hybrid
composite of glass fiber and jute fiber, the stronger glass fiber is
considered to be the main component that played the major
role on mechanical properties of hybrid composite. The effects
of the using of different JE/PP pellets on the characteristics of
glass fibers such as the retained fiber length and fiber orienta-
tion of hybrid composite are discussed. Figure 11 shows the
relationship between weight average fiber length of glass fiber
and jute fiber content of three different hybrid composites. The
average fiber length of glass fiber decreases with the increasing
of jute fiber content for all hybrid composites. This indicates
that interaction between glass fiber and jute fiber resulted in
higher possibility to damage of the brittle glass fibers, while the
effect of different JF/PP pellets on the breakage of glass fibers is
insignificant. It seems that the glass fiber length might be affect
by the volume not the length of jute fiber during the injection
molding process.

25.0
1 € LFT-Hybrid
| UT-Hybrid
20.0 A RP-Hybrid
~ O G10J0
£
-
2150
= ’
)
c
g
k]
£ 10.0
©
o
- ‘%
5.0
0.0 i T T ! S
0 10 20 30 40

Jute fiber content (wt.%)

Figure 18. Notched impact strength of GF/JE/PP hybrid composites as the
function of jute fiber content.
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The plot of fiber orientation factor of glass fiber of several
hybrid composites calculated from eq. (2) as a function of jute
fiber content is presented in Figure 12. The orientation factor of
10 wt % monotonic glass fibers is 0.91. The bundles of jute
yarns of long fiber pellets (LFT-JF and UT-JF) affect the orien-
tation of glass fiber during injection molding which reduce the
orientation factor of glass fibers. The effect of jute bundle on
the orientation of glass fiber is more pronounce especially at
high jute fiber content.

Figure 13a shows the relationship between tensile modulus and
jute fiber content of GF/JF/PP hybrid composites. The tensile
modulus of 10 wt % glass fibers hybrid composites increases
with increasing jute fiber content. Unlike JE/PP composites, the
tensile modulus of hybrid composites shows the different trend.
As discussed previously, tensile modulus is dependent on the
aspect ratio of jute fiber in the case of JE/PP composites. How-
ever, for hybrid-reinforced fiber system, the characteristics of
both reinforcing fibers directly affect the stiffness of composites.
Although, compared with RP-JE/PP pellets, the using of higher
aspect ratio of jute fiber in LFT and UT-JF/PP pellets results in
higher tensile modulus of JF/PP composites, tensile modulus of
hybrid composites is not affected by the using of different JE/PP
pellets. The lower modulus due to the lower jute fiber aspect
ratio of RP-JF/PP composite is compensated by the higher fiber
orientation factor of glass fiber in the case of RP-hybrid com-
posite. It is worth to note that tensile modulus of hybrid com-
posite mainly depends on the fiber orientation efficiency of the
stiffer glass fiber.

However, the addition of 10 wt % glass fibers significantly affects
the tensile strength of hybrid composites as presented in Figure
13b. It is observed that the increasing of mechanical properties of
hybrid composites depended on type of JE/PP pellets. As dis-
cussed previously, the fiber distribution and fiber orientation play
critical roles in determining the mechanical properties of JF/PP
composites fabricated by injection molding. The similar results
also observed in the case of hybrid composite.

From the SEM micrograph in Figure 14, both glass fiber and jute
fiber show good interfacial bonding with polypropylene matrix.
However, tensile strength of LFT and UT-hybrid composites
decrease with increase in jute fiber content. On the other hand,
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Figure 19. Percentage differentials of mechanical properties in comparison between monotonic JF/PP and 10 wt % glass fiber hybrids GF/JE/PP at same

total fiber content.

the RP hybrid composite shows positive hybridization effect. This
is due to the effect of different shape and size of jute fiber in JF/
PP pellet, which affect the fiber length and fiber orientation of
glass fiber incorporation with the degree of fiber distribution of
jute fiber in hybrid composites. The effects of different JF/PP pel-
let on fiber length and orientation of glass fiber have been
described in previous section. The shorter retained length and
poorer orientation of glass fibers directly affect the tensile
strength of LFT and UT-hybrid composite especially at high jute
fiber content. In addition, as observed in Figure 15, the jute
fibers of LFT and UT-hybrid composites aggregate in the bundle
form at the core region and show transverse orientation to the
flow direction. Not only the poor orientation of jute fiber, but
the fiber aggregation of jute fiber also leads to the reduction of
mechanical properties of hybrid composites. The photographs of
polished surface of 30 wt % jute fiber hybrid composites are
taken and the marking of jute fiber cross-section area are
observed in order to evaluate the distribution level of jute fiber
as presented in Figure 16. It can be seen that the bundle of jute
fiber observed in LFT-hybrid (Figure 16a) and UT-hybrid (Figure
16b) composite are unable to separate into single fiber during
molding and show poor fiber distribution when compared with
RP-hybrid composite (Figure 16¢). These poor fiber distributions
directly affect the orientation of glass fiber, which lead to the
reduction in tensile strength of hybrid composites when the con-
tent of jute fiber increased.

Figure 17a shows the relationship between flexural modulus and
jute fiber content of GF/JF/PP hybrid composites. The flexural
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modulus of 10 wt % glass fibers hybrid composites increases
with increasing jute fiber content and is not affected by the
types of JE/PP pellets. However, the increase in jute fiber con-
tents significantly reduces flexural strength and impact strength
of hybrid composites for all type of JE/PP pellet as presented in
Figure 17b and Figure 18, respectively. This is due to the drasti-
cally decreased of retained glass fiber length in hybrid compo-
sites with the increase in jute fiber content. Generally, the
length of retained glass fiber is the major parameter that
affected the mechanical properties of short fiber-reinforced
composites. However, from the results in this study, the effect
of fiber length reduction is more pronounce on flexural strength
and impact strength of hybrid composites than the tension
load.

The mechanical properties of JE/PP composites and its hybrid
with 10 wt % glass fibers are summarized in Table III. From the
Table III, it can be observed that the hybridization of glass fiber
in JE/PP composites shows different effect with different types
of JE/PP pellets. In order to evaluate the effectiveness of
mechanical enhancement by substitution of 10 wt % glass fibers
with different JE/PP pellet, the percentage differential of
mechanical properties between JF/PP and hybrid composites are
calculated from the difference of mechanical properties between
10 wt % glass fiber hybrid composite comparing with JF/PP
composite at the same fiber loading content, for example
G10J10 versus J20. The percentage of mechanical properties
improvement from the addition of 10 wt % glass fibers is pre-
sented in Figure 19 in order to clarify the effect from the types
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of JE/PP pellets. The improvement of tensile modulus from the
incorporation of 10 wt % glass fiber ranges from 4 to 18% for
all types of JF/PP pellets. On the other hand, the effect of
hybridization of 10 wt % glass fibers is more pronounce on
flexural modulus, which ranges from 16 to 30% improvement.
The effectiveness of glass fiber hybridization is highest when
combined with RP-JE/PP pellet composites for tensile strength
(64%), flexural strength (74%), and impact strength (948%),
respectively, when comparing at 20 wt % total fiber content.
The reasons for these occurrences are the better fiber orienta-
tion of glass fiber and the better distribution of jute fiber of
hybrid composites as previously discussed. This indicates that
the characteristics of the higher strength glass fiber such as fiber
orientation and fiber length are the major factor that controlled
the mechanical properties of hybrid composites. The using of
LFT technology for the production of long fiber pellet of natu-
ral fiber is a huge step for the development of high performance
natural fiber-reinforced composites. However, the effect of fiber
distribution must be considered in order to achieve the best rein-
forcing effect. Furthermore, in the case of hybridization with glass
fiber, the retained length of glass fiber is the critical parameter
that controlled the mechanical properties of composites.

CONCLUSIONS

This study reports the effect of size and shape of jute fiber on
the mechanical properties of jute fiber and glass/jute fiber
hybrid reinforced polypropylene composites prepared by injec-
tion molding. The results of this study can be concluded as the
following

Mechanical properties of JE/PP composites are mainly depended
on the fiber aspect ratio, fiber orientation, and the distribution
of jute fibers. The using of longer fiber results in high stiffness
and high impact strength. However, the longer fiber bundle
consequently affects the distribution and orientation efficiency
of jute fiber, which results in the reduction of tensile strength.

The incorporation of 10 wt % glass fibers is found to improve
mechanical properties of jute fiber-reinforced polypropylene
composites. Although the mechanical properties of hybrid com-
posites are affected by glass and jute fiber, the characteristics of
the higher strength glass fiber such as fiber orientation and fiber
length are the major factor that controlled the mechanical prop-
erties of hybrid composites. However, the increase in mechani-
cal properties of hybrid composites was depended on type of
JE/PP pellets. In addition with the poor orientation of jute fiber,
the fiber aggregation also leads to the reduction in mechanical
properties of hybrid composites.

All these results indicated that the injection molded glass fiber/
jute fiber /PP hybrid composites result in enhanced perform-
ance of natural fiber composites. In addition, by the LFT tech-
nology, natural fiber-reinforced thermoplastic pellets with very
high fiber concentration can be obtained. This LFT technology
is a significant driving force for the using of natural fiber com-
posite in automotive applications. However, in order to maxi-
mize the effectiveness of glass fiber hybridization, the fiber
distribution and fiber orientation of jute fiber might be seri-
ously considered.
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