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ABSTRACT: To determine the possibility of using starch
as biodegradable filler in the thermoplastic polymer ma-
trix, starch-filled polypropylene (PP) composites were pre-
pared by extrusion of PP resin with 5, 10, 15, and 20 wt %
of potato starch in corotating twin-screw extruder. The
extruded strands were cut into pellets and injection
molded to make test specimens. These specimens were
tested for physicomechanical properties such as tensile
and flexural properties, Izod impact strength, density, and
water absorption. These PP composites were further char-
acterized by melt flow index (MFI), vicat softening point
(VSP), differential scanning calorimetry (DSC), and ther-
mogravimetric analysis (TGA) techniques. It was found
that, with increase in starch content, tensile modulus,

flexural strength, and flexural modulus of the PP compo-
sites increased along with the increase in moisture, water
absorption, and density, while retaining the VSP; but, ten-
sile strength and elongation, impact strength, hardness,
and MFI of the PP composites also decreased. DSC analy-
sis of the PP composite revealed the reduction in melting
temperature, heat of fusion, and percentage of crystalliza-
tion of PP with increase in starch content. Similarly, TGA
traces display enhanced thermal degradability for PP as
starch content increases. © 2011 Wiley Periodicals, Inc. ] Appl
Polym Sci 120: 3078-3086, 2011
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INTRODUCTION

Long life and attractive properties have made the
plastics a material of choice for many applications.
Because of tremendous growth in applications, plas-
tics are one of the fastest growing segments of the
waste stream. Because, vast majority of plastic prod-
ucts are made from petroleum-based synthetic poly-
mers that do not degrade in land fill site or in a
composite like environment, especially, polyolefins
like polyethylene (PE) and polypropylene (PP). PP is
a popular thermoplastic material widely used in
automobile, electrical equipment, furniture, and
packaging applications because of its excellent and
versatile properties, but PP is very resistant to hy-
drolysis and is totally nonbiodegradable. As a conse-
quence, the disposal of these products poses a seri-
ous environmental threat. An environmentally
conscious alternative is to design/synthesis poly-
mers that are biodegradable. Biodegradable plastics
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provide opportunities for reducing municipal solid
waste through biological recycling to the ecosystem
and can replace the conventional nondegradable
synthetic plastic products.

The addition of natural polymers like starch into
PP matrix accelerates the attack of microorganisms
and guarantees at least a partial biodegradation.
Starch is one of the most abundant substances in na-
ture, renewable, and almost unlimited resource. The
most important industrial sources of starch are corn,
wheat, potato, tapioca, and rice. In nature, the avail-
ability of starch is just second to cellulose. Starch
occurs in nature as water-insoluble granules and is a
polymer of D-glucose. The average granule size of
starch varies from source to source; rice starch gran-
ules are roughly 3 um in diameter, and corn starch
has an average granular size of 10 pm, while potato
starch granules are about 35 pm in diameter. The
starch granules consist of highly branched amylopec-
tin and linear amylose molecules, with some minor
components such as lipids and proteins. Starch has
been considered as a low-cost alternative to synthetic
plastics in the production of disposable plastics.'?
Starch is totally biodegradable in a wide variety of
environmental conditions and permits the develop-
ment of totally biodegradable products, which would
not increase potential global warming. Starch by itself
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was plasticized and shaped into consumer items.>®
But plasticized starch alone swells and deforms on
exposure to moisture. To compensate for the incon-
venience of plastics made by pure starch, starch was
blended with synthetic polymers.””

Polymeric composite containing starch has been
developed for different applications and is the subject
of several patents.'”'* The first important commer-
cial application of starch in plastics has been the
blending of PE with starch as filler. Crystalline starch
can be used as a natural filler in traditional plastic'®"
! and particularly in polyolefins. Incorporation of
starch into a polyolefin matrix was proposed by Grif-
fin as an effective means of accelerating the deteriora-
tion of plastics under biotic environmental exposure
conditions.'®'” The inclusion of starch, a readily bio-
degradable biopolymer, into the synthetic polymer is
believed to result in rapid enzymatic hydrolysis of
starch under biotic exposure conditions. The micro-
bial consumption of starch component, in fact, leads
to increased porosity, void formation, and loss of in-
tegrity of the plastic matrix. The reduced mechanical
integrity of the ensuing void-containing matrix leads
to its facile deterioration and, perhaps, even promotes
subsequent biodegradation of the synthetic polymer,
due to the increased surface area available for interac-
tion with microorganisms. Research on biodegradable
plastics based on starch began in the 1970s and con-
tinues even today at various laboratories all over the
world. Starch satisfies the requirements of having
adequate thermal stability with minimum interfer-
ence in melt properties and negligible disturbance of
product quality.

With the ongoing research efforts aimed at the
preparation and evaluation of biodegradable polymer
composites,'® ! the present study reports the prepa-
ration of PP/starch composites to examine the possi-
bility of using potato starch as filler in PP matrix.
Potato starch is obtained from the tuber of Solanum
tuberosum L., and it is a very fine white powder, prac-
tically insoluble in cold water and in alcohol. Potato
is the world’s fourth largest food crop, following rice,
wheat, and maize. China is now the world’s largest
potato producing country, and nearly a third of the
world’s potato is harvested from China and India. In
today’s environmentally focused society, the demand
for cost-effective, environmental friendly materials
continues to increase. The driving force behind the
use of the starch is its low cost, annually renewable
resource utilization, and environmental benefits.

EXPERIMENTAL
Materials

PP injection-grade H200MK obtained from Reliance
Industries, Mumbai, India, was used as a polymer
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matrix. Its melt flow index (MFI) and density as
reported by the manufacturer were 20 g/10 min and
0.919 g/cm?, respectively. Potato starch granules (in-
soluble) of 60 mesh size with sulfated ash 0.30%
obtained from M/S S D Fine-Chem, Mumbai, India,
were used as filler.

Compounding and specimen preparation

Starch powder was mixed with PP granules, and
mixed material was extruded in a twin-screw ex-
truder (JSW 30a, Japan) with L/D ratio of 36/1 in the
temperature range of 170-230°C. The extruded
strands were pelletized and stored in sealed packs
containing desiccant. Four levels of filler loading (5,
10, 15, and 20 wt %) were designed in sample prepa-
ration. Tensile, flexural, Izod, vicat softening point
(VSP), and water-absorption specimens were pre-
pared using ENGEL 80T automatic injection-molding
machine with 50-ton clamping pressure in the tem-
perature range of 180-215°C and an injection pressure
of 90 bars. After molding, the test specimens were
conditioned at 23°C *+ 2°C and 50% * 5% RH for 24
h according to ASTM D 618 before testing.

Testing methods

Tensile and flexural strength tests were carried out
as per ASTM D 638 and ASTM D 790 respectively
on universal testing machine UTM (Lloyds, LR 100
K). Izod impact strength test was carried out as per
ASTM D 256 A on RESIL IMPACTOR (CEAST,
Italy). VSP test was carried as per ASTM D 1525 test
method on HDT-VICAT Junior (CEAST, Italy). MFI
analysis of various formulations was measured
using extrudate pellets on melt flow indexer (Lloyds
MEFI tester, Type 7273) at 190°C and at 2.16 kg load
as per ASTM D 1238. Rockwell hardness was meas-
ured using EIE HARDNESS TESTER, India. Density
was measured using a Mettler PM200 electronic
weighing balance as per ATM D 792 displacement
method.

Measurement of moisture and water absorption

The moisture absorption of PP and its starch compo-
sites was measured using injection-molded 50-mm
disc specimens. The discs were dried in a hot-air
oven at 80°C for 24 h and placed in an enclosure
containing distilled water. The discs were then
removed after 24 h to determine the weight change
or moisture absorption. The moisture absorption
was calculated from the difference in the initial and
dry weight of the sample according to the following
equation:

M(O/o) = [(Wl — WO)/WO] x 100

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE I
Effect of Starch Addition on Tensile and Flexural Properties of PP Composites

Composition (%)

Tensile strength Tensile

Tensile Flexural Flexural

PP Starch (MPa) modulus (MPa) elongation (%) strength (MPa) modulus (MPa)
100 00 42.63 845.58 19.77 43.44 1355
95 05 38.31 884.37 12.78 45.70 1382
90 10 36.10 885.93 10.82 45.79 1441
85 15 31.93 924.43 9.59 46.39 1501
80 20 29.82 932.82 8.42 47.95 1521

where M is the moisture absorption (%), W; the
weight of specimen after 24 h (g), and W, the initial
weight of oven-dry specimen (g).

Similarly, water absorption of PP and its starch
composites were measured using injection-molded
50-mm disc specimens as per ASTM D 570. The discs
were dried in a hot-air oven at 80°C for 24 h and
placed inside the beaker containing distilled water.
The discs were then removed after 24 h to determine
the weight change or water absorption. The water
absorption was calculated from the difference in the
initial and dry weight of the sample according to eq.
(1). Three specimens were used for each sample, and
the results were averaged to obtain a mean value.

Thermal analysis by differential scanning
calorimetric

Differential scanning calorimeter (Perkin-Elmer Dia-
mond DSC) was used to characterize the thermal
properties of the PP/potato starch composites. A
sample size with an average weight of 8.50 mg
encapsulated in a hermetically sealed aluminum pan
was prepared for each composite sample. The sam-
ples were heated from ambient to 200°C at a heating
rate of 10°C/min under nitrogen atmosphere. The
melting temperature (T),) and heat of fusion (AHj) of
the composite samples were determined from the
peak maximum and the area under the peak, respec-
tively. The degree of crystallinity of PP/potato
starch biocomposites and the virgin PP matrix was
calculated using the following equation™2%:

X:(% Crystallanity) = [AH¢/wAHg 0] x 100 (1)

where AHy is the latent heat of fusion of the compos-
ite sample, AH¢yqp is the latent heat of fusion of a PP
with 100% crystallinity (207.1 J/ g27), and W is the
weight fraction of PP in the composite. The heat of
fusion is corrected by taking into account only the
PP content in the composite.

Thermal analysis by thermogravimetry

A Perkin-Elmer Pyris 1 TGA Thermogravimetric
system, with a microprocessor-driven temperature
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control unit, was used for thermogravimetric analy-
sis (TGA). A series of PP/starch composites contain-
ing 0, 5, 10, 15, and 20 wt %, designated as A, B, C,
D, and E, respectively, were used for the analysis.
TGA samples were prepared by cutting injection-
molded test specimens into a small piece of ~ 10-13
mg and used in this study. The sample pan was
placed in the balance system of the equipment, and
temperature was raised from 50 to 600°C at a heat-
ing rate of 20°C/min under nitrogen atmosphere.
The weight of the sample pan was continuously
recorded as a function of the temperature.

RESULTS AND DISCUSSION

Physicomechanical properties

Tensile and flexural properties of PP/starch
composites

The tensile and flexural strength results of PP and
its composites at different starch contents are given
in Table I. This shows that the tensile strength and
tensile elongation results decreased from 42.63 to
29.82 MPa and 19.77-8.42%, respectively. This
reveals that incorporation of potato starch had
reduced the tensile strength and elongation at break.
There are two possibilities for the reduction in ten-
sile strength and elongation at break, that is, the
weakness of interfacial adhesion due to hydrophilic
nature of starch that is not compatible with hydro-
phobic PP and less-effective cross-sectional area of
PP matrix that is continuous phase toward spherical
particulate starch granules as the starch contents
rose. This is a general phenomena observed in ther-
moplastics filled with natural filler®®’; as filler
loading increases, thereby increasing the interfacial
area and worsening interfacial bonding between the
filler and the matrix, the tensile strength and elonga-
tion decreased as the starch addition increases.®'**
Despite the interest in starch as a biodegradable
filler, little has been done to analyze the properties
of starch/synthetic polymer composites in terms of
theories of composite properties. Several theories of
the dependence of composite properties on filler-vol-
ume fraction “®" and geometry have been devel-
oped. Nicolais and Narkis®® developed a geometric
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Figure 1 Effect of starch addition on tensile strength of
PP composites.

model for the tensile (yield) strength “c” of a com-
posite with uniformly distributed spherical filler par-
ticles of equal radius.

o = op(1 — 1.210%/%) )

The subscripts ¢ and o represent the composite
and the matrix polymer, respectively. This model is
based on the assumption that the decrease in tensile
strength is due to the reduction in effective cross-
sectional area caused by the spherical filler particles,
no adhesion between the matrix, and the filler parti-
cle is assumed. Because the applied stress is not
transferred to the rigid filler particles, the actual
stress in the polymer matrix is higher due to the
reduction in load-bearing surface area. Several com-
posite systems have been found to follow eq. (2).**°°

The experimental and the theoretical [the tensile
values calculated based on eq. (2)] tensile strength
values are plotted against the volume fraction of
starch and shown in Figure 1. It is seen from the
graph that the reduction in experimental values is
less than that of the value of —1.21 theoretically pre-
dicted by the eq. (2), but comparable.

For tensile elongation, Nielsen’*”” derived the fol-
lowing relationship between elongation and volume
fraction of the filler “®”

g =¢go(l — (D1/3) 3)

where ¢, is the elongation to break (or yield) of the
composite, and g, is the corresponding elongation of
the wunfilled polymer matrix. Perfect adhesion
between polymer matrix and filler is assumed in this
model. The fundamental mechanism of this model is
the requirement that the polymer matrix confined
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between two particles must undergo a larger strain
than the macroscopic strain, because the rigid filler
particles do not elongate. These materials will then
fail (or yield) at a lower macroscopic strain than the
same polymer without particles. Equation (3) has
been shown to describe the behavior of some glass
bead-filled composites.’®* The tensile elongation of
PP calculated using eq. (3) for PP/starch composites
and the experimental results are plotted against the
volume fraction of starch in Figure 2. It is seen from
the graph that the reduction in experimental values
is very much close to the theoretically predicted
value of —1, even though there is no adhesion
between PP matrix and starch granules.

Although the incorporation of potato starch had
affected the tensile strength and elongation at break,
the tensile modulus is increased from 845.58 to
932.82 MPa; similarly, the flexural strength increased
from 43.44 to 4795 MPa, and flexural modulus
increased from 1355 to 1521 MPa as the starch con-
tent increased from 0 to 20% as shown in Table I
This may be due to the fact that starch granules
were not melting and retain their shape as rigid fil-
ler during processing. As the starch content
increases, particles were crowded and reduced the
particle-matrix interaction. The material became
more rigid and stiffer than material without starch.
Starch granules may be stiffer than the PP matrix in
which they are dispersed.*’

Impact strength of PP/starch composites

The impact strength of composites is even more
complex than that of the unfilled polymers because
of the part played by the fillers and the interface in
addition to the polymer. The notched and unnotched
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Figure 2 Effect of starch addition on tensile elongation of
PP composites.
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Figure 3 Effect of starch addition on Izod impact
strength of PP composites.

Izod impact strength of composites at different filler
loadings are shown in Figure 3. The notched and
unnotched Izod impact strength of composites
decreased with filler loading. In case of notched
sample, the impact strength decreased from 33.07 to
18.78 J/m with increasing the amount of starch filler.
This may be due to the low-interfacial interaction
between starch and PP, which would lead to me-
chanical rupture at the blend interface. Poor interfa-
cial bonding induces microspaces between the filler
and matrix polymer, and these cause numerous
microcracks when the impact occurs, which induce
crack propagation easily and decrease the impact
strength of the composites. Especially, the unnotched
composite samples showed significantly high-impact
strength (501.37 ]J/m) when compared with the
notched, which is drastically decreased with filler
loading from 501.37 to 101.37 J/m. The notched tip,
which is the stress-concentrating point, causes rela-
tively low-impact strength in the notched sample,
thereby allowing the crack to propagate easily, and
the same effect appeared at the filler-matrix interfa-
cial area in the filler contained unnotched sample.

As can be seen from Figure 3, unnotched Izod
impact energies were considerably larger than
notched Izod impact energies. This is due to the dif-
ferent fracture process for notched and unnotched
samples. The unnotched impact behavior is con-
trolled to a considerable extent by fracture initiation
process that, in turn, controlled by stress concentra-
tion at defects in the system. Notched impact behav-
ior, meanwhile, is controlled to a greater extent by
factors affecting the propagation of the fracture initi-
ated at the predominating stress concentration at the
notched tip. In other words, unnotched Izod impact
energies are not only a measure of crack propaga-
tion, but also crack initiation.

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE II
Effect of Starch Addition on Moisture, Water
Absorption, and Density of PP Composites

Composition (%) Moisture Water
- absorption absorption Density
PP Starch (%) (%) (g/cc)
100 00 0.013 0.035 0.9121
95 05 0.023 0.076 0.9214
90 10 0.032 0.105 0.9360
85 15 0.050 0.151 0.9581
80 20 0.072 0.242 0.9806

Moisture, water absorption, density, and
hardness of PP/starch composites

The measured properties such as moisture and
water absorption and density of PP/starch compo-
sites are given in Table IL. It is seen from the table
that the moisture absorption of PP composite
increased from 0.013 to 0.072%, and water absorp-
tion increased from 0.035 to 0.242% with increase in
starch content from 0 to 20%. As expected, moisture
absorption increased with increasing starch content.
Because of its hydrophilic nature, potato starch
absorbs moisture from the atmosphere. Its moisture
absorption at equilibrium is almost 15%. Moisture
absorption of the pure PP disc was almost 0%,
whereas, for the PP/potato starch composite, their
moisture absorption increased as the amount of
potato starch increased. These results ensure that
potato starch is more hydrophilic than PP, leading
to an enhancement of hydrogen bond formation
between hydroxyl groups in the starch and mois-
ture. Because starch is a highly water-absorbing ma-
terial compared to PP, the starch composites are
expected to have higher water absorption with
increase in starch content proportionately. But it is
observed from Table III that there is only a marginal
increase (0.035-0.242%) in water absorption. This
may be due to the fact that the starch granules are
encapsulated by PP matrix, and, hence, the starch
granules are not exposed to the surface to have
higher water absorption. It has been found that the
resistance of conventional plastics against microor-
ganisms is primarily owing to their relative

TABLE III
Effect of Starch Addition on Surface Hardness, Melt
Flow Index, and Vicat Softening Point of PP Composites

Composition (%) Melt flow Vicat
e — Rockwell index softening
PP Starch hardness (/10 min.) point (°C)
100 00 102 19.83 147.6
95 05 101 16.58 47.6
90 10 100 16.12 147.8
85 15 99 15.21 147.3
80 20 97 13.23 147.7
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Figure 4 Effect of starch addition on density of PP
composites.

impermeability of water or moisture. In other words,
moisture absorption of the plastic is also a key factor
to promote or facilitate the biodegradation rate.

In case of density (Table II), the density of PP
increased from 0.9121 to 09806 g/cc with the
increase in starch content from 0 to 20 wt %. The
increases in density may be due to the higher den-
sity of the starch filler (1.575 g/cc).*' We also calcu-
lated the densities by volume-additive method,
which states that (d = wyd; + w.d,), where d is the
density of the blend, w, and w, are the weight frac-
tions of the constituents, and d; and d, are the corre-
sponding densities. The plot of density versus starch
composition for the PP/starch composites is shown
in Figure 4. It shows that density of composite
increased linearly with the increase in starch content.
Further actual density values of these composites are
much lesser than that of its theoretical values calcu-
lated by volume addictivity principle. The difference
in density may be due to the incompatibility and
microvoid formation, poor interfacial adhesion, or
phase separation between PP and starch.

The hardness of the PP and its composites with
starch was measured using a Rockwell Hardness tes-
ter, and, given in Table III, it indicates that hardness
decreases with increase in starch content. This may
be due to the incompatibility and microvoid forma-
tion, poor interfacial adhesion, or phase separation
between PP and starch.

Thermal properties
MFI and vicat softening point

Table III shows that the MFI values of PP /starch com-
posites decreased from 19.83 to 13.23 g/10 min. As
the starch content increased from 0 to 20 wt %, it indi-
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cates that the viscosity of composite increased. This is
similar to the results obtained for most filled thermo-
plastic and in agreement with that reported by
researchers before, stating that the MFI of starch com-
posite decreased as the filler loading increased.’’ The
reduction in MFI values may be, because, the starch
granules retained their shape and functioned as rigid
particulate fillers when processed and restricted the
melt flow. When starch content increases, the interac-
tion among the granules also increased; subsequently,
the interparticle space between starch particle became
small. If the particle—particle interactions are stronger
than particle-matrix interaction, agglomeration of
particles may occur and result in the immobilization
of matrix molecules. The matrix molecules become
trap in filler particles as the size of agglomerates
increases and flows of matrix have been confined.
Reduction of MFI is also due to the fact that starch
particles are more viscous than PP. This can be
observed from the data above; MFI of neat PP is
higher than PP /starch.

The VSP is one of the methods to assess the ele-
vated temperature performance of plastics. From
Table 1III, it is noticed that the VSP of virgin PP is
147.6°C, and this value does not change with varia-
tion in starch content. This result clearly indicates
retention of VSP values up to 20% in the composites.
This is in accordance with the theoretical expecta-
tions, because starch is rigid filler inside the rela-
tively flexible PP matrix.

Differential scanning calorimetry analysis of PP/
starch composites

The thermal properties of PP/starch composite sam-
ples were investigated by DSC to analyze the effect
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Figure 5 DSC traces of PP and starch composites. [Color
figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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TABLE IV
Effect of Starch Addition on Melting Temperature, Heat
of Fusion, and Percentage of Crystallization of PP

Composites
Composition
(%) Melting Heat of Percentage of

——  temperature fusion crystallinity
PP Starch (Tw) CC) (AHp (J/8) Xe (%)
100 00 162.30 66.516 31.83

95 05 161.65 42.594 22.93

90 10 161.19 41.466 22.04

85 15 160.79 40.790 21.83

80 20 160.52 36.508 21.45

of starch content on melting temperature (T,,) and
heat-of-fusion and cystallinity of PP matrix. The DSC
thermograms of PP and PP /starch composite samples
are shown in Figure 5, and the results are summar-
ized in Table IV. The neat PP, which has melting tem-
perature (T,,) at 162.3°C (Fig. 5, Table IV), shows
decrease in T,, from 162.3 to 160.52°C with increase in
starch contents from 0 to 20 wt %. This decrease in
melting temperature might be related to a decrease in
the crystallinity of the sample and perfection of the
crystal structure due to the inclusion of the filler in
the crystalline regions of PP matrix.

Degree of crystallinity of PP and its composites is
estimated by heat-of-fusion measurements using DSC
and shown in Table IV. The estimation of the degree
of crystallinity is very significant to understand the
changes in the structural characteristics induced by
starch. To check whether the filler is located in the
crystalline zones of the composite material, this study
reports the dependence of the melting enthalpy and
the degree of crystallinity on the filler content. Table
IV shows the variation of melting enthalpy as a func-
tion of the composition as measured by DSC. The
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Figure 6 TGA traces of PP and starch composites. [Color
figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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Figure 7 TGA traces of PP and starch composites. [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

heat of fusion (AHy) of PP matrix decreased from
66.516 to 36.508 J /g, and the percentage of crystalliza-
tion decreased from 31.83 to 21.45% with increase in
starch content from 0 to 20 wt % in the PP matrix.
Apparently, the value of melting enthalpy decreases
gradually with the increase of starch content, indicat-
ing the decrease in crystallinity. All the results indi-
cate that the starch granules are distributed in the
crystalline regions of PP matrix. The crystalline order
of PP matrix is broken as a consequence of the forma-
tion of filler aggregates.

TGA of PP/starch composites

Thermogravimetric analysis (TGA) is one of the
widely used techniques to evaluate thermal stability
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Figure 8 TGA traces of PP and starch composites. [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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TABLE V
Effect of Starch Addition on Thermal Stability of PP Composites

Composition Residue (%)

(%) Percentage of weight loss at (°C) at (°C)

pp Starch 336 356 376 396 416 436 456 476 496 496

100 - 2.00 2.99 4.66 7.98 15.40 33.56 64.02 97.22 99.90 0.000

95 05 2.53 3.04 3.93 5.60 8.81 18.65 47.12 90.33 98.15 1.884

90 10 5.25 5.71 6.31 7.45 9.67 16.56 41.19 86.59 97.51 2.492

85 15 10.02 10.69 11.46 12.68 15.06 22.18 44.52 87.24 96.81 3.189

80 20 15.65 16.56 17.41 18.66 20.81 26.11 41.82 77.97 95.43 4.574

- 100 65.27 73.70 76.00 77.59 78.93 80.09 81.06 81.89 82.60 17.405

and thermal-degradation kinetics of polymeric mate-
rials, blends, and composites. Thermogravimetric
technique essentially involves continuous monitoring
of the weight of a sample as a function of tempera-
ture using a sensitive microbalance. Typical TGA
traces obtained for the PP/starch composite samples
containing 5, 10, 15, and 20% by weight of starch are
shown in Figures 6-8. As can be seen from Figure 6
for starch, the initial weight loss began at ~ 55°C and
reached a constant weight plateau after losing 15% of
its initial weight. This weight loss corresponds to the
loss of the moisture content from the potato starch.
At 280°C, the potato starch began to degrade; this
was defined as the degradation temperature of potato
starch. PP that does not contain starch shows only a
negligible weight loss below 380°C (Fig. 6, Table V),
suggesting that the weight loss below 380°C is due to
partial or complete pyrolytic volatilization of starch.
PP itself undergoes weight loss due to thermal degra-
dation at significantly higher temperatures, but does
not contribute to weight loss before 380°C. The
weight loss observed in TGA runs on these samples
is given in Table V. Data generally showed a distinct
and consistent nonreversible loss in weight, attrib-
uted to the pyrolysis of starch in the temperature
interval of 280-350°C. Obviously, the PP/starch com-
posites degraded in two stages (Fig. 7). The first one
around 280-350°C is due to starch decomposition,
and the second one is around 350-480°C for PP. The
second stage of thermal decomposition began near
454°C, with the weight decreasing rapidly at 470°C.
At 496°C, pure PP shows no residue, but with the
increase in starch content, the residue increased from
0 to 4.574%. But pure starch is having 17.4% residue
(Fig. 8).

CONCLUSIONS

With the objective to prepare environmentally
degradable plastic material, PP composites were pre-
pared with starch as filler at different compositions. It
was found that the tensile modulus of PP/starch
composites increased from 845.58 to 932.82 MPa,

flexural strength increased from 43.44 to 47.95 MPa,
and flexural modulus increased from 1355 to 1521
MPa along with the increase in moisture and water
absorption and density. But, tensile strength and
elongation, impact strength, MFI, and hardness
decreased. DSC results reveal reduction in melting
temperature, heat of fusion, and percentage of crys-
tallization of PP with increase in starch content. TGA
traces display enhanced thermal degradability of PP
as starch content increases. The decrease in tensile
strength and elongation with addition to starch filler
to PP matrix follows the general trend of filler effects
on polymer matrix. However, the main purpose of
this work is to study the effect of starch on the me-
chanical and thermal properties of the PP matrix. The
utilization of starch in the PP matrix may reduce the
cost as well as bring environmental benefits.

One of the authors SBR is grateful to Prof. (Dr.) S. K. Nayak,
Director General, CIPET for his constant encouragement and
necessary support.
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