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ABSTRACT: Short jute fiber-reinforced polypropylene (PP) composites were prepared
using a high-speed thermokinetic mixer. A compatibilizer was used to improve the
molecular interaction between jute and PP. Both the percent weight fraction of the jute
fiber and compatibilizer were varied to study the dynamic mechanical thermal (DMT)
properties. Dynamic parameters such as storage flexural modulus (E9), loss flexural
modulus (E0), storage shear modulus (G9), loss shear modulus (G0), and loss factor or
damping efficiency (tan d) were determined in a resonant frequency mode. The transi-
tion peak nature, amplitude, and temperature of E9, E0, G9, G0, and tan d of different
compositions were shown to indicate possible improvements of molecular interaction in
the presence of a compatibilizer. The modulus retention term, a plot of the reduced
modulus with the weight fraction of the jute fiber, also indicate its improvement. © 1999
John Wiley & Sons, Inc. J Appl Polym Sci 71: 531–539, 1999

Key words: jute thermoplastics composite; polypropylene; maleated polypropylene;
compatibilizer; dynamic mechanical thermal analysis

INTRODUCTION

The art of making composites is restricted mainly
to synthetic polymers and synthetic reinforcing
fibers like glass, carbon, and nylon. The potential
of natural fiber-based composites using cellulose,
wood, jute, kenaf, hemp, sisal, pineapple, coir,
etc., as reinforcing fibers in a thermosetting resin
matrix has received considerable attention among
scientists all over the world1–5 for their excellent
specific properties. Some of them have already
been used in industrial products. Composites,
based on thermoplastic resins, are now becoming

popular due to their processing advantages.6,7

The mechanical properties of thermoplastics are
often inadequate for specific applications, and for
this, different man-made fibers, mainly glass or
other mineral fillers like china clay, talc, and
CaCO3 are mixed. On the other hand, jute is an
annually regenerative, lignocellulosic self-com-
posite biopolymer bast fiber.8 It is nonabrasive, of
low density and high strength, and abundantly
available in tropical countries and is, therefore, of
particular interest for use as a reinforcing fiber in
thermoplastic composites.

Among commodity thermoplastics, polypro-
pylene (PP) possesses outstanding properties like
low density, high vicat softening point, good flex
life, sterilizability, good surface hardness, scratch
resistance, very good abrasion resistance, and ex-
cellent electrical properties.9 Jute is predomi-
nantly polar due to the presence of various polar
groups on its backbone.10 On the contrary, PP is
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nonpolar.11 So for better interaction between the
two otherwise incompatible surfaces, the pres-
ence of a compatibilizer was envisaged.12 Graft-
ing of dicarboxylic anhydrides onto polyolefins
and their use as compatibilizers have appeared in
the literature.13–16

With the advent of different agro-based ther-
moplastic composites for different applications for
which dynamic data are directly relevant (e.g.,
machinery, transport, buildings, domestic appli-
ances, and acoustic devices), it is worthwhile to
study the polymer composite structure to investi-
gate the dynamic mechanical thermal properties,
particularly the dynamic modulus and internal
friction, over a wide range of temperature.17–20

As it is known from the DMTA principle when
internal molecular motion occurs, the material
response in a viscoelastic manner and the strain
response lags behind the stress. The tangent of
this phase lag is expressed as tan d and is also
known as the damping factor. The damping prop-
erties of a material represent its capacity to re-
duce the transmission of vibration caused by me-
chanical disturbances to a structure. The DMT
properties are mostly dependent upon the amount
of fiber,21,22 the presence of additives like the
compatibilizer, filler, and impact modifier,23 fiber
orientation,24,25 and mode of testing. Over a wide
range of temperature polymeric materials usually
exhibit more than one relaxation region or so-
called transition.19 In this study, the fibers were
randomly placed and our aim was to compare
different dynamic parameters at different levels
of the fiber within the experimental range. The
effect of a compatibilizer was also studied to ob-
tain fundamental information regarding molecu-

lar interaction using the viscoelastic properties in
a dynamic condition.

EXPERIMENTAL

Materials

The materials used are as follows: (1) jute fiber
(Grade W-2, Chorchorus Capsularies); (2) com-
patibilizer—Epolene, G-3002 (Mn 5 20,000; Mw
5 60,000), Eastman (maleated polypropylene);
(3) polypropylene homopolymer (PP)—Fortilene
PP, 1602 (MFI 12.0, Solvay Polymers).

Methods

Jute fibers were granulated using a Ball and Jew-
ell granulator (Sterling Inc., Milwaukee, WI) hav-
ing a 4-mm screen. The output was reduced to a
maximum length of 5 mm. The calculated quan-
tity of the granulated jute fiber (on a dry basis),
compatibilizer, and PP were mixed in a K-mixer.
The jute fiber loadings were 30, 40, 50, and 60 wt
% and the compatibilizer doses were 0, 1, 2, 3, and
4 wt %.

Throughout the experiments, the following pa-
rameters of the K-mixer were retained: dump
temperature 5 199°C, rpm 5 5500, mixing time
45–60 s, and batch size 125/150 g. Immediately
after dumping from the K-mixer, the dough was
pressed in the cold hydraulic press so as to in-
crease the surface area for fast cooling to avoid
fiber burning. These jute–PP cakes were then cut
into small pieces by a band saw and then fed to

Table I Compositions of the Various Jute–PP Composites

Serial
No.

Sample
ID

PP
(% by Weight)

Jute Fibre
(% by Weight)

Compatibilizer
(% by Weight)

1 PP 100 — —
2 J300 70 30 —
3 J302 68 30 2
4 J400 60 40 —
5 J402 58 40 2
6 J500 50 50 —
7 J501 49 50 1
8 J502 48 50 2
9 J503 47 50 3

10 J504 46 50 4
11 J600 40 60 —
12 J602 38 60 2
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Figure 1 Variation of storage flexural modulus of jute–PP composite with tempera-
ture at different jute fiber content.

Figure 2 Variation of storage shear modulus of jute–PP composite with temperature
at different jute fiber content.
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Figure 3 Variation of storage flexural modulus of jute–PP composite with tempera-
ture at different compatibilizer levels and at 50% by weight jute fiber content.

Figure 4 Variation of storage shear modulus of jute–PP composite with temperature
at different compatibilizer levels and at 50% by weight jute fiber content.
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the granulator for size reduction to form granules
suitable for injection molding.

The jute–PP granules were dried at 105°C for
4 h before molding using a Cincinnati Milacron
33T injection-molding machine to mold a speci-
men bar of a dimension of 50 3 12.5 3 3.0 mm at
190°C and a 1200 psi clamping pressure. The
compositions of the various jute/PP composites
are shown in Table I. The dynamic mechanical
properties were measured by using a DuPont
DMA 983. The testing parameters were as fol-
lows: mode, resonant frequency; sample size, 12.5
3 3.0 mm; clamping distance, 10 3 thickness;
oscillation amplitude, 0.2 mm; heatng rate, 5°C/
min; and temperature range, 35–160°C. In all
cases, four specimens were tested and the average
values are reported.

RESULTS AND DISCUSSION

In Figure 1, the variation of E9 at different weight
fractions of the fiber is shown as a function of
temperature. It can be seen from the figure that
the E9 of PP is much lower than that of the
jute–PP system. With a gradual addition of the

jute fiber, the E9 values are also increased
sharply and gradually. This is due to the rein-
forcement imparted by the fiber that allows stress
transfer from the matrix to the fiber. With the
addition of 2% compatibilizer, the E9 value is
found to increase more than for the uncompatibi-
lized system (J500 and J502). This phenomenon
was observed uniformly throughout the experi-

Table II Variation of Modulus Retention
with Weight Fraction of Jute Fiber
(Control and 2% Compatibilized)

Sample
ID

Jute Fiber
(% Wt)

Modulus Retention

E9110°/E935°
3 100

E9160°/E935°
3 100

J600 60 53.50 18.94
J602 60 57.12 20.16
J500 50 59.80 16.08
J502 50 53.49 17.07
J400 40 49.50 14.28
J402 40 50.70 15.81
J300 30 43.55 13.74
J302 30 43.68 13.85
PP — 25.03 3.77

Figure 5 Variation of storage flexural modulus of
jute–PP composite (control and 2% compatibilized).

Figure 6 Variation of reduced modulus of jute–PP
composite with jute fiber content.
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Figure 7 Variation of tan d of jute–PP composite with temperature at different jute
fiber content.

Figure 8 Variation of tan d of jute–PP composite with temperature at different
compatibilizer levels and at 50% by weight jute fiber content.
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ment. This may be due to the migration of the
compatibilizer to the fiber surface and the linking
with the matrix by its tail, resulting in a stiffer
combination. Our studies on the mechanical prop-
erties was also in agreement with this.26 At
160°C, PP lost its E9 to a very low level, whereas
compounds having jute fiber reinforcement have
some strength depending on the fiber content (E9
of J600 and PP at 160°C are 0.9677 and 0.06201
GPa, respectively).

Figure 2 shows the variation of G9 with tem-
perature at different weight fractions of the fiber.
The nature of the curves are found to be very
similar to that of Figure 1 and the same explana-
tion is true for this case also.

In Figure 3, the variation of E9 at different
compatibilizer levels, 0–4%, is shown at a 50%
weight fraction of the fiber content. Earlier work
on cellulose/lignocellulose thermoplastic compos-
ites15,27,28 revealed that during compounding the
compatibilizer migrates to the fiber to form a bond
and the tail of the compatibilizer became entan-
gled in the PP matrix. In the figure, the same
phenomenon is observed. With increase in the
compatibilizer percent, the E9 values are in-
creased. This may be due to increase in the bulk-
iness of the fiber due to formation of the bond
between the compatibilizer and the fiber. For the
same reason, the plot of G9 versus temperature
(Fig. 4) at different compatibilizer levels also
shows the same trend.

The better interaction between the fiber and
polymer in the presence of the compatibilizer can
also be understood from Figure 5, where E9 is
plotted against the weight fraction of the jute
fiber at 35 and 110°C. It shows that with increase
in the fiber content the graphs become steeper for
the compatibilized system. The modulus enhance-
ment of both the control and the compatibilized
system with the fiber weight fraction is also dem-
onstrated by the relative flexural storage modu-
lus (E9c/E9m, where E9c and E9m are the E9s of the
composite and matrix, respectively) in Figure 6.
At high fiber content, the compatibilized system
shows the higher value at a particular fiber con-
tent. At 110°C, this is more prominent than at
35°C. This may be because the poor fiber polymer
interaction in the absence of the compatibilizer is
exaggerated at higher temperature.

Table II shows the variation of the modulus
retention term29 of the composites with the
weight fraction of the fiber. It is evident from the
table that with increase in fiber content the mod-

ulus retention values increase and further in-
crease with further addition of the compatibilizer.

Figures 7 and 8 show the variation of tan d
with temperature for various weight fractions of
the fiber and compatibilizer. In Figure 7, it is seen
that the introduction of fibers has reduced the
peak height that is, tan d is lowered with increase
in the fiber content. This phenomenon also was
observed by earlier workers.30,31 The reason may
be due to the restriction of the mobility of the
polymer chains by the fiber.

The other prominent effect is broadening of the
transition region. This may be due to the inhibi-
tion of the relaxation process within the compos-
ites upon incorporation of the fibers. In Figure 8,
no appreciable change in the tan d values are
observed at different compatibilizer levels.

Figures 9 and 10 show the variation of E0 with
temperature for different fiber contents and for
different compatibilizer levels. If the applied me-
chanical energy (work) is not stored elastically, it
must be lost—converted to heat through molecu-
lar friction, that is, viscous dissipation—within
the material. This is, precisely, the loss modu-
lus.32 It is seen that with gradual introduction of

Figure 9 Variation of loss flexural modulus of
jute–PP composite with temperature at different jute
fiber content.
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the fibers the transitional peak is also gradually
shifted to a higher region (Fig. 9). From J300 to
J600, a shift of 10°C is observed. In the experi-
mental range, a tiny hump at 80°C for PP and a
broad hump for J600 at 110°C are also observed.
This may be explained as movement toward the
Tg of the dry cellulose of the jute fiber which is
about 200°C.33 In Figure 10, between J500 and
J504, the shift in the transition peak temperature
is only 4°C. However, in both cases, there is an
increase in the peak height with the addition of
the fiber and compatibilizer.

CONCLUSIONS

The following conclusions may be drawn from the
above studies for PP reinforced by jute fiber:

1. The E9 increases with increase in fiber con-
tent. With addition of the compatibilizer, a
further increase in values is also observed.

2. The transition, that is, the tan d peak, is
shifted to higher temperature as the
amount of fiber loading increases.

3. Marginal shifting of the transition is ob-
served with increase in the compatibilizer
dose at the same level of fiber.

4. Efficiency of the compatibilized system in-
creases with increase in the amount of fiber
as compared to the uncompatibilized sys-
tem. This is shown by a reduced modulus
and a modulus retention term (Fig. 6 and
Table II).

Future work on this subject may be extended to
some advanced grade of PP, polyolefin elas-
tomers, etc.

Samples were prepared at the Forest Products Labora-
tory, USA. The UNDP grant (Project No. IND/92/302)
for carrying out this work is highly acknowledged. Prof.
K. Jayachandran, Director, IJIRA is also acknowledged
for his kind permission to publish this article.
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