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Mechanical Properties of Corn Husk Flour/PP Bio-composites

Dani. Jagadeesh*, P. Sudhakara*, D.W. Lee*, H.S. Kim*, B.S. Kim**, J. I. Song*†

ABSTRACT: The focus in the present work is to study the agro-waste corn husk bio-filler as reinforcement for
polypropylene. These materials have been created by extrusion and injection molding. The effect of filler content by
10, 20, 30 and 40 wt. % and mesh sizes of 50~100, 100 and 300 on the mechanical properties was studied. For the
un-notched specimens, the results of flexural strength showed a declining trend with increase the filler loading and
the results of impact strength showed an increasing trend with increase the mesh size. In contrast, enhanced flexural
modulus was observed with increasing filler loading and size.
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1. INTRODUCTION

Agricultural products and its byproducts are profuse and
inexpensive sources for the biomass production. Recently,
much attention has been paid to utilize forest and agricultural
renewable residues as raw material for various industrial appli-
cations. These bio-wastes and renewable resources of biomass
like cereal straw, corn stalk, flax straw, corn cob, rice husk, rep-
resents potentially valuable sources due to their low cost, envi-
ronmental friendly and sustainable nature [1-5] and it is
expected to reduce the dependence on nonrenewable resources
and to improve the crisis of energy derived from nonrenew-
able resources [6,7].

The biomass contains significantly three different polymer
entities as cellulose, hemicelluloses and lignin. The use of all
the three polymeric components has been discussed since sev-
eral decades [8]. The various types of ligno cellulose fibers
with different amounts of lignin, cellulose and hemi-cellulose,
are rendering different adhesion and mechanical properties to
the composites. Fibers containing higher lignin content tend to
show improved compatibility towards non-polar polymers,
since lignin is the most non-polar constituent of the fiber.
Fiber properties may be altered due to the micro fibril angle
and constituent’s concentration.

Natural fiber/PP composites have been used in automotive

applications and recently they have been investigated for using
in construction, such as building profiles, decking, railing
products, etc. Different filler materials have been studied for
making poly-propylene composites. These materials include
wood, kenaf and sage fibers [9], saw dust [10], flax [11], hemp
strand [12], green coconut fiber [13], and organo-montmo-
rillonite [12]. The research group of Korean Institute of Mate-
rials Science has published their study dealing with PP-rice
husk composites [14].

Corn husk (or hull) in botany is the outer shell or coating of
a seed. It often refers to the leafy outer covering of an ear of
maize (corn) as it grows on the plant. Corn husk flour is a nat-
ural renewable resource that is biodegradable. Corn grows in a
great amount around the world [15,16]. Besides food and ani-
mal feeding applications, a part of corn kernel is also used as a
biodegradable matrix [17] or a raw material for producing
alcohol (bio-fuel) [18].

2. MATERIALS AND METHODS

2.1 Materials
A thermoplastic polymer, polypropylene (PP) was supplied

by LG Chem. Ltd., Korea, in the form of pellets (Melt Flow
Index-g/10 min (1900oC /2.16 K)). Table 1 shows the mechan-
ical properties of PP. In the present study, ligno-cellulosic
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based corn husk flour (CHF) with different mesh sizes (50-
100, 100, 300 meshes) were supplied by Corn Products Korea,
Inc. Rice husk flour (RHF) and wood flour (WF) both of 100
mesh were supplied by Saron Filler Co., Korea. The chemical
composition of the fillers is shown in Table 2 [19]. The nat-
urally occurring agricultural crop residue CHF was dried in an
oven at 100oC for 24 hours and then stored in sealed poly-
ethylene bags prior to compounding.

2.2 Compounding
The process of mixing PP with husk powder was performed

using twin-screw extruder following three-step processes,
which are melt blending, extrusion, and pelletizing. Com-
pounding was performed at 190oC for 10 min at a screw speed
of 100 rpm. The dried pellets were stored in sealed polyeth-
ylene bags to avoid moisture infiltration. These CHF/PP
mixed pellet were prepared with a stoichiometric ratio of CHF
to PP as 10/90, 20/80, 30/70 and 40/60 wt. %. The flexural and
impact test specimens were prepared at 195oC using an injec-
tion molding at an injection pressure of 1200 psi and device
pressure of 1500 psi. The test specimens were conditioned at
23 ± 20oC and a relative humidity of 50 ± 5% for 40 h as per
the ASTM D 618-99 standard prior to testing.

2.3 Mechanical Testing
Three points bending test (ASTM D 790-10) was conducted

to calculate the flexural property by using Universal Testing
Machine (R&B Co., Korea) at a crosshead speed of 5 mm/min.
Izod impact tests were conducted according to ASTM D 256-
97 at room temperature. Each obtained value represented the
average of five samples.

3. RESULTS AND DISCUSSIONS

Incorporation of filler to a polymer matrix may increase or
decrease the flexural strength and impact strength of the
resulting composite. The fiber type fillers normally improve
the flexural strength and impact strength, as the fibers are able
to support stresses transferred from the polymer. For irreg-

ularly shaped fillers, the strength of the composites decreases
due to the inability of the filler to support stresses transferred
from the polymer matrix. 

Fig. 1 shows the flexural strength of CHF/PP composites
with different mesh and the content of the flour. From Fig. 1,
flexural strength decreased with filler loading and increased
with mesh size. However, CHF filled composites showed supe-
rior flexural modulus as shown in Fig. 2(a), this higher value
may be due to the addition of stiffer material (CHF) into the
PP matrix. The results revealed that, the composites developed
in the present study showed good bending resistance (tensile
and compressive deformations). This further indicates that the
interface strength between CHF and PP plays key role in the
case of both tensile and compressive deformation. Flexural
strength and modulus Fig. 1(b) and Fig. 2(b) development also
demonstrates that particle size has greater influence at higher
filler load (40 wt. %), reached a maximum values with a mesh
size of 300 which indicate that a greater aspect ratio of the
CHF filler that enhances the stiffness of the composites.

The impact strength of CHF composites are shown in Fig.
3(a). From Fig. 3(a), it was observed that the impact strength

Table 1. Mechanical properties of pure PP

Flexural Strength Flexural Modulus Impact Strength

74 MPa 3.1 GPa 26.7 kJ/m

Table 2. Chemical constituent of the ligno-cellulosic fillers (Val-
ues are percentage by weight)

Holo-cellulose Lignin Ash Others

CHF 42.31 12.58 4.16 40.95

RHF 59.90 20.60 13.20 6.50

WF 62.50 26.20 0.40 10.90
*CHF and RHF from Ref. [14] and [15].

Fig. 1. Flexural strength of the CHF/PP Composites.
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of CHF/PP composites is lower than that of the pure PP
matrix. This may be expected because the presence of CHF in
PP matrix provides points of stress concentration leading to
crack initiation and potential composite failure. During the
impact test, cracks travel through the polymer as well as along
the weaker interfacial regions. The latter cannot resist crack
propagation as effectively as the polymer region, hence reduc-
ing the impact strength. Incorporation of fillers is also a con-
siderable reason to inhibit the mobility of polymer, thereby
lowering the ability of the system to absorb energy during frac-
ture propagation. Another reason for decrease in impact
strength might be due to the stiffening of polymer chains
which may be resulted due to the bonding between the CHF
and PP matrix. Moreover, CHF content also increases the
probability of cellulosic fiber agglomeration that creates
regions of stress concentration that require less energy to elon-
gate the crack propagation. On the other hand, poor impact
strength may also be partly attributed to the thermal degra-
dation of fibers due to high shear forces in the kneading sec-
tion of the twin-screw extruder during compounding. Fig.
3(b) shows that at maximum filler loading, the impact strength

of the 300 mesh size filler composite is considerably higher
than that of the 50~100 composite. Overall, as previously
observed in the modulus and tensile properties, the compos-
ites filled with larger sized fillers show superior impact prop-
erty to those with smaller fillers. This observation that the
coarse particle filled composites give better performance than
fine particles provides a better absorption and dissipation of
the impact energy than smaller particles.

3.1 Water Absorption (24-hr)
Fig. 4(a) summarizes the maximum water absorption and

water diffusion coefficients of the various composites. Gen-
erally, the lower filler content and the smaller particle size,
have the lower water diffusion coefficients. Due to the high
hydrophilic character of the bio-fillers, water absorption is a
severe handicap for some applications of natural fiber polymer
composites. The results of water absorption showed an
increasing trend with increase the filler loading, as well as
increase the particle mesh size. In cases of the composites con-
taining 10, 20, and 30 wt. % CHF, the results of water absorp-
tion indicated that the presence of voids and spaces plays an

Fig. 2. Flexural modulus of the CHF/PP Composites.
Fig. 3. Impact strength of the CHF/PP Composites.
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important role in the degree of water absorption despite of the
different hydrophilic compositions. However, for the compos-
ites containing 40 wt. % CHF showed the expected behavior of
higher level of water absorption attained by the composite
with the highest concentration of the hydrophilic filler. This
suggests that the water penetration into the filler voids can be
more important mechanism of water up taking as the CHF
level increased in composites.

The effect of particle size on water uptake is shown in Fig
4(b). When increase the particle mesh/loading, the water
absorption increases. Thus, the effect of fiber length on water
uptake is dependent on fiber content. At lower contents, the
larger the particle size, the higher the water absorption, which
is in good agreement with previous reports [24,25]. This can
be explained in two ways: (i) larger particles leads to greater
hydrophilic exposed surfaces; and (ii) poor adhesion between
CHF particles and the polymer matrix generates void spaces.

Particle size strongly affects water absorption. As seen in Fig
4, the smaller the particle size, the higher the water absorption.
At 40% fiber content, composites containing 300-mesh par-
ticle size corn husk exhibit the highest water absorption.

3.2 Comparison of WF/PP, RHF/PP and CHF/PP Com-
posites

Resulted flexural strength, flexural modulus and impact
strength of PP composite samples are presented in Table 3. As
shown in Table 3, flexural strength, flexural modulus and
impact strength of the CHF (30 wt. %, 100 mesh) filled bio
composites was lower than those of WF and RHF filled (30
wt. %, 100 mesh) bio-composites. Adversely, flexural strength
was decreased by the addition of WF, RHF and CHF. This dec-
rement may be attributed to the incapability of the filler, irreg-
ular shape, to support stress transfer from the polymer matrix
and poor interfacial bonding generates partially spaces
between fiber and polymer matrix, as a result which generates
weak structure. Similar results were also reported in the lit-
erature [26,27]. Another strong reason for lowering the
mechanical properties of CHF/PP composites is the cellulose
content in the filler 40. The CHF has lower cellulose content
(42%) compare to Wood flour (62.5%) and RHF (60%).
Hence, mechanical properties of CHF/PP composites are
lower than those of WF/PP and RHF/PP composites. Fur-
thermore, the higher amount of silica in the CHF, which is
partially responsible for insufficient adhesion between the
CHF and the PP matrix, is likely to be an essential factor in
determining the properties of CHF/PP composites. The
impact strength of PP bio-composites filled with WF, RHF and
CHF (100 mesh size and 30%) are presented in Table 3. The
impact strength of these composites was not statistically sig-
nificant. However, for specific applications, the impact strength
can be improved by using impact modifiers or by using natural
fibers having higher micro fibril angle.

4. CONCLUSION

Based on the above results following conclusions can be
drawn.

1. The flexural and impact strength of the CHF/PP com-
posites significantly decreased with increasing filler content.
However, CHF/PP composites retained an acceptable level of
strength. 

2. The tensile, flexural and impact properties of bio-com-
posites increased with decreasing particle size. The lower mesh
size of CHF offers larger specific surface area in the bio com-
posites than those of larger CHF mesh size at the same weight

Fig. 4. Water absorption of the CHF/PP Composites.

Table 3. Mechanical properties of WF/PP, RHF/PP and CHF/PP
composites (100 mesh size, 30%)

Materials

Tensile
Strength
(MPa)

Flexural
Strength
(MPa)

Flexural
Modulus

(GPa)

Impact
Strength
(KJ m-1)

WF/PP 27.98+2.80 65.03+4.43 7.58+1.07 15.68+2.38

RHF/PP 25.6+1.36 60.55+2.43 6.17+ 2.08 15.85+1.79

CHF/PP 22.28+2.29 53.29+4.13 5.39+ 3.41 15.35+3.94
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fraction.
3. The mechanical properties of CHF/PP (30 wt. %, 100

mesh) composites was lower than those of WF and RHF filled
(30 wt. %, 100 mesh) bio-composites due to the lower cellulose
content of CHF (42%) filled PP composites
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