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Abstract : Rice starch was incorporated into linear low density polyethylene (LLDPE) using a Bra-
bender Plastic-Corder internal mixer at a temperature of 140°C and 40 rpm. The starch loading was var-
ied from 0 to 30% with 5 intervals. Studies on brabender torque development, mechanical properties
and water absorption were investigated. The starch loading did not influence the brabender torque sig-
nificantly. With respect to mechanical properties; the tensile strength and elongation at break decrease
with increasing starch loading. The Young’s modulus also increases with the starch filling. Mechanical
properties were deteriorated as the starch absorbed moisture. The rate of water absorption was depen-
dent on the starch filling in the composites. The scanning electron microscope (SEM) analysis was per-
formed for the tensile fracture surfaces and it revealed the starch agglomeration and a poor dispersion of
starch in the LLDPE matrix.
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plastic waste becomes a major concern and is
considered to be a world wide environmental
problem. Polyethylene, the largest volume plastic
used in packaging, is the most offender since it is
highly resistant to biodegradation. Products from
agricultural sources with reference to starch espe-
cially constitute a good alternative in developing
the degradable materials® Starch is a promising
raw material because it is readily available all year
from many plants, with regard to current needs,
low cost, stable price and is environmentally
friendly’ It also satisfies the requirements of ade-
quate thermal stability, minimum interference
with flow properties and mirimum disturbance
with product quality.” Furthermore because of its
low oxygen permeability, starch filled thermoplas-
tic films are very attractive for food packaging.
The use of granular starch as a biodegradable
filler for low density polyethylene was first reported
by Griffin.®* Amongst the application of the starch,
it was first used as a filler in the production of
polyethylene foam.” Starch was also utilized as a
filler in PVC films'® and when preparing cast films
from the aqueous dispersion of starch in
poly(vinyl alcohol), glycol, surfactant and formal-
dehyde.""*® Maize, wheat and tapioca starches
have been incorporated into LDPE. Rice starch is
produced in great abundance in Asia where it has
been used in food and non-food formulations for
long period of time. Now it is not surprising that
starch has an enormous variability in quality.
Despite this, it has many advantages over other
fillers. This study will describe the mechanical
properties, water absorption, and scanning elec-
tron micrographs for composites with different
ratios of rice starch incor-porated into LLDPE.

Experimental

Materials. Rice starch was obtained from a
local company in Malaysia. The average granule
size of rice starch was in the range of 8-10 mm
and its decomposition temperature was 230°C.
The particle size of the granule was determined
by MALVERN instrument, UK and unmodified
granules were used in this study. LLDPE, ETILI-
NAS LLO209SA grade, was obtained from Poly-
ethylene (Malaysia) Sdn Bhd, and was used as
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the basin resin. The melting temperature of
LLDPE was 128°C determined by differential
scanning calorimetry (DSC) at the heating rate of
20°C/min.

Sample Preparation. Rice starch was dried
prior to compounding in a vacuum oven at 60°C
for 24 h, essentially according to the method of
Nikolov et al.'* Before using the LLDPE with
starch, the temperature of the oven was lowered
down to the room temperature by switching off
the power line and starch was kept in a desiccator
for cooling. Followed by the cooling operation,
the starch and LLDPE were compounded by Bra-
bender Plasti-Corder internal mixer at a tempera-
ture of 140°C and 40 rpm for 13 min including 5
min preheating. The rice starch and LLDPE were
mixed in a beaker before introducing them into the
mixer for final compounding. Composites (45 g)
containing starch loading 0, 5, 10, 15, 20, 25 and
30% were prepared.

Molding. The starch-LLDPE blends were
molded with Kao Go Tech compression molding
machine at 140°C for 5 min after 4 min preheat-
ing. The molding temperature and pressure were
140°C and 10 Mpa, respectively. After removing
the blend from the molding machine, it was cooled
for 4 min at the pressure of 10 Mpa. Samples were
cut into dumb-bell specimens according to ASTM
638 and were used for all the tests.

Mechanical Properties. Tensile tests were
carried out on an Instron machine (Model 1114)
according to ASTM D638. A crossed-head speed
of 50 mm/min, gauge length of 50 mm and a
chart speed of 50 mm/min were used. Dumbbell
specimens were conditioned at 30+ 2% relative
humidity for 24 h before testing. An average of 5
samples was used for each testing.

Morphology. The morphology of the tensile
fracture surfaces of the blends was investigated
using a scanning electron microscope (SEM)
(Leica-Cambridge S-360). SEM was taken for
sputter-coated with gold on the fractured surface.

Water Absorption. Water absorption studies
were carried out according to ASTM D570. The
dumbbell specimens of each composition were
conditioned in an oven at 50°C for 24 h and
were cooled in a desiccator before weighing. After
cooling, it was weighed immediately by a nearest
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meter balance. The conditioned samples were
immersed in a container of distilled water keeping
constant temperature of 27°C. To perform the
water absorption measurements, the samples
were removed at every 24 h interval for the first
one week and subsequently every one week (7%
24 h) from the water container. A tissue paper was
used to remove the excess of water from the sur-
face of the samples. The sample was then weighed
immediately by a nearest meter balance and
immersed in the water. The percentage increase
in weight during re-immersion was calculated
using following equation.

W, - Wy

Wy

Where W;, W, and W, represent the final
increased weight percentage, wet weight and the

conditioned weight of the testing samples, respec-
tively.

W, =

Results and Discussion

Studies on Mixing Torque. The properties
associated with the blending of starch and LLDPE
have been investigated and the results are shown
in Figure 1. This suggests that the stabilizing of
torque was found to gain at 6 to 8 min. The con-
stant torque values for LLDPE with different per-
centage of starch also indicate the completion of
the mixing between filler and matrix. As starch
loading increases, the torque value decreases. This
may be due to the slippage between starch and
LLDPE matrix. This is also due to the agglomera-
tion of starch particles in the LLDPE matrix. These
results are in close agreement with the investi-
gated values” of the LLDPE/corn starch blend.

Tensile Strength. Figure 2 shows the effect of
starch loading on the tensile strength of LLDPE
composites. In general, it can be seen that there is
an inverse relationship between starch loading
and tensile strength. This means that the tensile
strength of the composites decreases with increas-
ing amount of starch filler. The drop of tensile
strength became more significant when the con-
centration of starch loading was increased. One of
the reasons could be the fillerfiller interaction,
which becomes more pronounced than that of the
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Figure 1. Mixing torque-time characteristics curves for
different ratios of starch filler and LLDPE matrix.
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Figure 2. Effect of starch content on tensile strength of
LLDPE composites.

filler-matrix interaction. This was supported by
SEM studies as the micrographs of starch granules
shows a great tendency to form agglomerates
especially at higher starch loading values. The
other reason was the lack of the formation of
strong interfacial bonds like hydrogen bonds
between hydrophilic starch filler and hydrophobic
LLDPE matrices. These results showed a good
agreement with the work of Danjaji,'® who carried
out on sago starch-LLDPE composites. The
results are in direct contrast to those presented by
several research groups™'”" because the increase
in tensile strength of MA-g-LLLDPE/starch blends
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could be due to increasing the interfacial adhe-
sion resulting from the reaction between starch
and MA-g-LLDPE.

Elongation at Break. Figure 3 depicts the
elongation at break of the matrix (L.LLDPE) with
the variation of starch loading. It can be seen that
the elongation at break decreases with increasing
starch loading as expected. Similar type of expla-
nation can be made as for the tensile strength,
which highly depends on the nature of the starch
and LLDPE. As described earlier hydrogen bonds
are not feasible between the starch and LLDPE,
so the reduction of elongation at break is com-
mon. A dramatic reduction of elongation at break
of the rice starch-LLDPE matrix was found when
higher amount of starch was loaded. The reason
for the dramatic reduction can be explained as;
the starch granules do not elongate with the
LLDPE, so the less strain was required to make
the material fail® In addition, the poor starch-
LLDPE interaction led to the weak interfacial
regions that permitted easier crack propagation.
Thus the composite fracture at lower value of
elongation was obtained with increasing starch
loading. This agrees well with the work of Kanget
al* and Willet”

Young’s Modulus. Young’'s modulus is a mea-
sure of stiffness of a material. The effect of starch
loading on the Young’s modulus is shown in Fig-
ure 4. It can be seen that the modulus increases
with the incorporation of the rice starch into
LLDPE. This may be due to the stiffening effect
that the starch granules are more stiffer than that
of the LLDPE. The hydrogen bonding in starch
gives higher modulus than that of a semi-crystal-
line polymer like LLDPE, which has no hydrogen
bonding. Therefore, there is a direct relationship
between the amount of starch in blends and the
increase in the moduli. These results support with
the works of Willef” for corn-LDPE and potato
starch-LDPE filled matrix and Danjaji® for sago
starch-LLDPE.

Morphology. Figure 5 and 6 show the SEM
micrographs of tensile fracture surfaces of LLDPE
{(unfilled) and rice starchfilled LLDPE (15%). Fig-
ure 5 shows a ductile material with a very hard
surface, whereas Figure 6 indicates a less ductile
type with comparative poor surface. This also
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Figure 3. Effect of starch content on elongation at break
of LLDPE composites.
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Figure 4. Effect of starch content on Young’s modulus
of LLDPE composites.
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Figure 5. Scanning electron micrograph of the fractured
surface of LLDPE.
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depicts that the rice starch granules are of various
shapes and also reveals that the starch granules
serve as a particulate filler. The granules appeared
as agglomerate and poor wetting was observed
between the starch granules and LLDPE as void
can be seen between the filler and matrix. It can
also be observed that the distribution of the starch
granules are not homogeneously dispersed in the
polymer matrix because of poor adhesion between
the starch and the synthetic polymer, as demon-
strated by sharp interface between starch granules
and the continuous phase. Hence the tensile
strength and the elongation at break are expected
to decrease with increase in the starch content.

Figure 6. Scanning electron micrograph of the fractured
surface of the rice starch-LLDPE composite.
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Figure 7. The variation of water uptake with time for
LLDPE (starch %) and rice starch filled LLDPE compos-
ites.
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This was found in the present investigation, as
stated earlier.

Water Absorption. Figure 7 shows the water
uptake of unfilled LLDPE and rice starch filled
LLDPE. The unfiled LLDPE showed higher
water resistance capability than the LLDPE/rice
starch filled composite. The water absorption of
the LLDPE/rice starch films increases proportion-
ally with the starch content, which agrees well
with the work of Nikolov et al."* This composite
did not equilibrate even up to 36 days immersion
in water. This satisfies the Willets observatiort-
demonstrating that the equilibration time for
starch-polyethylene composites is the period of
months even when immersed in water. The water
absorption did not change significantly in case of
the lower starch content (5%). Because, less
hydroxyl groups are available in the composites
to form hydration with water. There was rapid
water uptake during the first week of immersion
and then gradually slowed down with time. It has
also been found that the initial water addition to
the starch strongly bound as hydrate and after all
the available hydroxyl groups are used up in this
fashion then it will lead to composite holding
water less firmly thereafter.

Figure 8 and 9 show the effect of water on the
tensile strength and elongation at break, which
decrease with increasing the starch loading. The
presence of moisture at the starch-LLDPE inter-
face is believed to weaken the interfacial adhe-
sion and leads to significant reduction in tensile
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Figure 8. Comparison of tensile strength of rice starch-
filled LLDPE composites.
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Figure 9. Comparison of elongation at break of rice
starch- filled LLDPE composites.

properties of the composites. According to Otey
et al.,”® excessive of moisture could have a deteri-
orating effect and will lead to a reduction in ten-
sile properties of starch-plastic composites. This
statement supports our results.
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