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Abstract: Composites of Saw Palmetto (Serenoa repens) spent (SPS) with high-density polyethylene (HDPE) were prepared by using 5,
10, 15, and 20 wt % SPS and their tensile, flexural, impact strengths, abrasion resistance, surface hardness, water absorption, density
and thermal properties were studied. Addition of SPS affected the tensile, flexural and Izod impact strengths of the composites but tensile
modulus of HDPE/SPS composites increased from 609.7 to 713.9 N/mm?. Heat distortion temperature increased from 62 to 67 °C. Slight
variation was observed in surface hardness, abrasion resistance, density and water absorption due to incorporation of SPS. There was

only marginal variation in melt flow index of composites.
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1. Introduction

The primary purpose of fillers in polymer composites is to
improve the properties of the composites and/or reduce the
cost and/or increase the biodegradability of the composite
material. Good filler should fulfil at least one of the above
said requirements. Fillers may be inorganic, organic or
natural. Much work has been published on the use of filler
materials for the preparation of composite materials which
are advantageous. Fillers like glass fibre[1], calcium
carbonate [2], boron nitride [3], magnesium hydroxide and
aluminium hydroxide [4], Chalk [5], Zinc powder [6],
aluminium powder [7], graphite [8], TiO, [9], carbon black
[10], montmorillonite [11], fly ash[12],wood flour [13],
jute [14], Coconut Shell [15], coconut fibre [16], Nutshell
Flour [17], pineapple-leaf fibre [18], sawdust[19],
Sugarcane bagasse [20], etc., have been used in composite
either to improve properties of composites or to reduce the
production cost.

Nano materials are currently being used as fillers in
composites to improve the properties. The nanofillers that
are used in composites are nano clays, nano particles,
nano tubes and nano fibers. Use of carbon nanotubes [21
and 22] and nano-oxides [23 and 24] as fillers in
polymer composites are of great importance. Utilisation
of natural fillers in the fabrication of composites reduces
the cost of the product and also advantageous from the
environmental point of view. Researchers have also
improved the properties of composites by using natural
filler [16]. Environment friendly fillers have started now
replacing glass fibre in the manufacture of various
automotive components [25].

Saw palmetto [Serenoa repens (Bartram) Small] is
endemic to the southern United States. Its distribution is
mainly in coastal areas from Texas to Carolina. The
extract of Saw palmetto fruit is used in the treatment of
enlarged prostate (benign prostatic hypertrophy, BPH)
[26]. In the present work, Saw palmetto spent (SPS),
biomass left after the extraction of active component from
the Saw palmetto fruit was used as a filler for HDPE
polymer matrix. The composite was fabricated and tested
for the physico-mechanical and thermal properties. SEM

studies were made to know the dispersion and interaction
of SPS particles in the polymer matrix.

2. Methodology
2.1 Materials

Injection grade HDPE (Halene M5018L) was supplied by
M/s Haldia Petrochemicals Limited, India. The density and
melt flow index of HDPE used were 0.952 g/cm® and 17.8
9/10 min respectively. Ethylene vinyl acetate (EVA)
copolymer procured from M/s National Organic Chemical
Industries, Mumbai, India, with 28% VA content and MFI
of 25 g/10 min (190 C/2.16 kg) was used as compatibilizer
and binder. Saw palmetto spent used as filler material was
supplied by nutraceutical industries, Bangalore, India.
Industrially processed spent material was washed
thoroughly with double distilled water to remove chemical
and physical impurities. The spent was ground to fine
powder, washed with distilled water and dried in sunlight.
The powder was sieved through ASTM 240 mesh to get <
63 micron size particles, and finally dried in hot air oven at
60°C for 24 hours and stored in air tight containers.

Table 1: Properties of SPS powder

Properties Values
Colour Dark brown
Density (g/cc) 0.558
Moisture content (%) <2
Charring temperature (°C) 350-450
Particle size (microns) <63
pH of aqueous slurry 7.8

2.2 Preparative Methods

Slurry of SPS in xylene (75 g SPS in 100 ml xylene) was
prepared and EVA granules (25 g) were dissolved in the
slurry under boiling condition. After dissolution, the
content was poured into a glass mould for solvent
evaporation. After complete evaporation for 48 h, thick
sheet obtained was cut into small flakes. These flakes were
then dried in hot air oven at 50 ° C for 8 h to remove
volatile matter. Oven dried SPS flakes were used with
HDPE granules for compounding.
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HDPE-SPS composites were prepared with SPS
concentrations of 5, 10, 15 and 20 wt % using co-rotating
twin-screw extruder with a screw speed of 90 rpm. The
temperature was set points at 170, 175, 180, 185 and
190°C from feed zone to die zone. The extrudates obtained
were water cooled at room temperature, and granulated
into pellets. The granules were then fed to injection
moulding machine (R.H. WINSOR India) to prepare test
specimens. The mould was designed as per ASTM
standards to produce specimens which were used for
tensile, flexural, abrasion, water absorption and heat
distortion temperature (HDT) tests. The specimens after
preparation were conditioned before testing as per ASTM
D 618.

2.3 Testing

Mechanical properties of the HDPE-SPS composites were
evaluated as per ASTM D638 and ASTM D790 standards
to study the tensile and flexural properties, respectively.
Both the tensile tests and the three-point bending flexural
tests were carried out on Universal Testing Machine,
(Llyod, UK, Model LR 100K). Shore D hardness test was
evaluated using Durometer (M/s. P.S.I Sales Pvt. Ltd.,
India) as per ASTM D 2240 method. Composite material
was tested for abrasion resistance using 100 mm disc as
per ASTM D 1044 standards. HDT studies were made as
per ASTM D 648 method with HDT-VICAT Tester (ATS
FAAR, Italy). Melt Flow Index was performed using melt
flow indexer (Devenport, UK, Type 7273) according to
ASTM D 1238. Scanning electron microscopy (SEM)
analysis was done using a Leo 435 VVP. The samples were
cryo-fractured to avoid deformation of matrix and then the
fractured surface was coated with a fine layer of gold and
observed.

Water absorption studies were made as per ASTM D 570
standard, long-term tests were carried out in this respect at
room temperature for 24 h. The samples were conditioned
by drying in oven at 80°C for 1 h and then cooled to room
temperature in desiccators. The conditioned samples were
weighed to the nearest to 0.1 mg. The samples were put
into container with distilled water at room temperature.
After 24 h of immersion the specimens were taken out of
water and the surface was wiped with cloth and weighed
immediately. Percent of water absorption was calculated
using the formula:

W2-w1
w1

x 100

Water absorption (%) =

Where, W, is conditioned weight and W, is the weight
after immersion.

3. Results and Discussion

3.1 Tensile properties

The SPS-HDPE biocomposites with SPS load ranging
from 0 to 20% wt. were processed by injection molding
and their mechanical properties were investigated. Results
of tensile strength and elongation of the composites are
shown in Fig 1 and 2, respectively. The tensile strength of
the composites decreased with increase in the volume

percent of the SPS within the matrix of the composite. The
composite with the highest volume fraction of filler (20%)
had the lowest strength (17.3 N/mm2). The values of
tensile elongation also decreased almost ten times for 20%
composite. This may be due to poor interaction between
SPS and HDPE matrix, which is commonly observed in
polyolefin/natural filler composites [27 and 28]. In
irregular shaped fillers, strength of the composite material
decreased due to inability of the filler to support the stress
transferred from the polymer matrix [29]. HDPE/SPS
composites follow the general trend of filler loading
effects on properties. Several theories have been proposed,
to explain the effect of filler volume fraction ® and
geometry on the properties of composites [30 and 31]. A
geometric model (1) was developed by Nicolais and
Narkis [31] for tensile strength (o) of a composite with
spherical filler particles of equal radius having uniform
distribution.

6c= 00 (1-1.210 %) ....... (1)

Where, o.and oy are the tensile strength of composite and
matrix polymer, respectively and @ is volume fraction of
filler. The tensile values calculated using eq.(1)
(theoretical values) and experimental values are plotted
and shown in Figure 1. It is clear that reduction in
experimental values are less than that of theoretically
predicted values, which may be due to poor interaction and
non homogeneous dispersion of filler to take tensile loads
transferred from the polymer matrix [32]. Nielsen [7, 8]
developed an empirical relationship (2) between volume
fraction of the filler and elongation.

Where, ¢ and g, are the elongation values for composite
and matrix polymer, respectively. Theoretical (calculated
using eq.2) and experimentally obtained tensile elongation
values are plotted in Figure 2. The reduction in
experimental values in comparison with calculated values
may be due to weak interaction of filler with matrix. The
tensile modulus increased from 609.7 to 713.9 N/mm’
(Table 2) with increased filler dosage of 0-20 wt%, this
behaviour of the composite may be due to improper
dispersion and orientation.

Table 2: Effect of SPS filler loading on tensile properties

of HDPE/SPS composites
iti [0)
Comp05|t|0nsg$) Tensile Tensile Tensile
strength modulus | elongation
HDPE palmetto (N/mm?) (N/mm?) (%)
spent

100 0 21.6 609.7 340

95 5 20.8 674.3 145

90 10 18.6 636.4 74

85 15 18.1 612.8 59

80 20 17.3 713.9 43
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Figure 1: Effect of SPS loading on tensile strength of
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Figure 2: Effect of SPS loading on tensile elongation of
HDPE/SPS composites

3.2 Flexural Properties

Flexural strength and flexural modulus values of
HDPE/SPS composites are shown in Table 3. It is
observed that Flexural strength values decreased from 31.2
to 21.8 N/mm? with the increase in filler content from 0-
20% wt. Flexural modulus also decreased from 722.3 to
498.7 N/mm?with the increase in the filler dosage from 0-
20%wt. This reduction in both flexural strength and
modulus may be due to poor filler/matrix interfacial
adhesion.

Table 3: Effect of SPS filler loading on flexural strength
and modulus of HDPE/SPS composites

Composition (%) Flexural Flexural

Saw palmetto strength modulus

HDPE spent (N/mm?) (N/mm?)
100 0 31.2 722.3
95 5 28.1 618.6
90 10 25.2 597.1
85 15 24.1 537.8
80 20 21.8 498.7

Table 4: Effect of SPS filler loading on abrasion
resistance and surface hardness of HDPE/SPS composites

Composmor;é:f) Abrasion weight loss (mg) Surface
HDPE | palmetto Clﬁgs Czyc();?gs c?;/?:(l)gs g?nﬁre]eg
spent
100 0 14 21 39 63
95 5 16 29 45 64
20 10 17 34 51 64
85 15 21 46 57 65

3.3 Impact strength

Figure 3 shows the effect of filler loading on notched I1zod
impact strength of SPS filled composites at various leading
levels. The strength decreased markedly from 138.7 to
57.3 Kg.cm/cm with the increase in filler loading of 5-20
% wt. Micro spaces between SPS and polymer matrix were
induced due to poor interfacial bonding, these spaces
results in microcracks when the impact occurs and thereby
reducing impact strength of the composites.
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Figure 3: Effect of SPS loading on impact strength of
HDPE/SPS composites

3.4 Density and water absorption

No significant change in the density with filler dosage, was
observed but there was only a slight increase in density
from 0.958 to 1.042 g/cm® with increase in the filler
content from 0-20% wt (Table 5). The slight increase in
density may due to bulky nature of SPS.

Natural fibers are highly hydrophilic; hence incorporation
of natural fillers into polymer matrix generally increases
the water absorption ability. Table 5 shows the water
absorption of HDPE/SPS composites. The water
absorption of composites with 20% wt. filler is 0.17%, but
it is still higher than pure HDPE.

3.5 Thermal Properties

Presence of fillers in the composites considerably affected
heat deflection temperature (HDT). The HDT values for
HDPE/SPS composites increased from 62 to 67 °C with
the increase in filler dosage from 0 to 20% wt. This
increase in HDT values may be due to the increase in
modulus. The effects of filler dosage on melt flow index
(MFI) values of HDPE/SPS composites are shown in
Figure 4. It is observed that, MFI values decreased from
18.6 to 16.4 (9/10 min) as the dosage of filler increased
from 0 to 20% wt. The decrease in the value of MFI is due
to interruption by SPS particle in the molten polymer to be
extrudated.
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Table 5: Effect of SPS filler loading on Density, Water
absorption and Heat Deflection Temperature of

HDPE/SPS composites
Composition (%) Heat
Saw Density ab\s{g?tiiron Deflection
HDPE | palmetto | (g/cm®) p Temperature
(%)
spent (°C)

100 | 0 0.958 0.02 62
95 5 0.973 0.05 64
90 10 0.995 0.08 64
85 15 1.023 0.11 66
80 20 1.042 0.17 67
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Figure 4: Effect of SPS loading on melt flow index
HDPE/SPS composites

3.6 Surface Morphology

The SEM images revealed dispersion of filler particles and
voids at the SPS-matrix interfaces. Presence of voids
indicates that the extent of adhesion between SPS and
HDPE is poor. When elongated these voids coalesce and
lead to fracture or breakage. SEM images show non
homogeneous dispersion of SPS particles throughout the
polymer matrix which might have led to decreased
mechanical and other properties of HDPE/SPS composites.

$3400 5.00kV 5.8mm x8.00k SE

Figure 5: SEM image of HDPE/SPS composites

4. Conclusions

The results obtained, prove that, non-homogeneous
distribution of filler in the microstructure of SPS
reinforced HDPE composite is the major cause for the
decrease in strength. The properties like tensile modulus
and HDT which increased from 609.7 to 713.9 N/mm? and
62 to 67C, respectively with the addition od SPS. Addition

of SPS resulted in a marginal variation of abrasion
resistance, surface hardness, density and water absorption
of HDPE/SPS composites. SPS could be used as natural,
ecofriendly and economical filler to increase
biodegradability of the composites and to reduce the cost
of production.
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