Journal of Metals, Materials and Minerals, Vol.24 No.2 pp.55-60, 2014

Mechanical properties of Poly(lactic acid) Composites
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Abstract

Bamboo fibers, as a raw cellulose source, were used to prepare microfibrillated cellulose (MFC)
using a high speed blender at 20,000 rpm for 60 minutes. Nanofibers with the width of less than 100 nm
were disintegrated from the fibers. MFC networks were then prepared, and embedded in poly(lactic acid)
resin using a compression molding at temperature of 180°C and a pressure of 10 MPa. Mechanical properties
of poly(lactic acid) composites reinforced with MFC were investigated. The interaction between MFC fibrils
and PLA resin was observed. As a result, Young’s modulus and tensile strength of the composites increased
to 3.1 GPa and 39 MPa respectively, compared to values of 2.4 GPa and 33 MPa for Young’s modulus and
tensile strength of pure poly(lactic acid) resin. This indicates the stress can be transferred from the matrix to
the reinforcement phase. The improvement of mechanical properties of the composites confirms that MFC

prepared using a high speed blender can be used as reinforcement.
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Introduction

Microfibrillated cellulose (MFC), a web-
like structure of interconnected cellulose fibrils
with diameters in the range of 10-100 nm, was
firstly introduced by Turbak et al."” and Herrick et
al.?) in 1983. A wood pulp suspension was passed
through a high pressure homogenizer to produce
MFC. Until now, many techniques have been
developed to produce a large quantity of MFC
fibrils such as grinding®®, high speed blending®
and high intensity ultrasonication.*” The mechanical
properties of MFC fibrils are found to be dependent
on the cellulose source and mechanical treatment.®

MFC have attracted more attention as an
alternative material to glass fibers to strengthen
polymers such as poly(lactic acid) (PLA)®',
polypropylene"*'¥,  poly(vinyl alcohol)®'*'¥, to
name a few polymers due to the advantages such as
superior mechanical properties, high aspect ratio,
optical transparency, low thermal expansion, low
density and biodegradability.®'*'*'"” Siqueira et
al.?” studied the reinforcing effect of cellulose
nanowhiskers (CNWs) and MFC on the enhancement
of the mechanical properties of nanocomposites. It
was found that the higher mechanical properties of
composites with the addition of MFC can be
observed, compared to with the same content of
CNWs. This may be due to the higher aspect ratio of
MFC in the nanocomposites. Moreover, with the

addition of only 2 wt% of MFC in poly(vinyl
alcohol), tensile strength and Young’s modulus of
the composites increased to 103 MPa and 5.2 GPa,
compared to 93 MPa and 4.3 GPa of neat poly(vinyl
alcohol).” Lu J. et al."® also studied properties of
poly(vinyl alcohol) composites reinforced with
MFC and found that mechanical properties of the
composites increased with the addition of MFC.

The aim of this study is to prepare networks
of MFC from bamboo fibers using a high speed
blender. PLA composites reinforced with these
networks were then fabricated using a compression
molding. Mechanical properties of the composites
and networks were investigated, compared to those
of neat PLA resin. A few studies of the preparation
of MFC using a high speed blender have been
introduced. This study, therefore, should broaden
the possibility of the use of the high speed blender to
prepare MFC fibrils from bamboo fibers, and
confirm the MFC prepared in this work can enhance
mechanical properties of neat PLA resin.

Materials and Experimantal Procedures

Bamboo fibers with length of ~1 cm and
diameters of 11.3 = 1.7 um were purchased from a
local market in Bangkok, Thailand. Poly(lactic
acid) (PLA), 4043D, used as a raw material were
supplied by NatureWorks company. The density is
1.24 gem™
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MFC network preparation

Prior to mechanical treatment, bamboo
fibers were repeatedly washed to remove impurities.
1 g of bamboo fibers were subsequently soaked in
100 ml distilled water for 24 hours to swell the
fibers. A high speed blender with 20,000 rpm
(PANASONIC MXAC400) was used to disintegrate
MEFC fibrils for 60 minutes. The cellulose solution
was then poured into a Petri dish, and dried in an
oven at temperature of 60°C for 7 days. The MFC
networks with the thickness of ~270 pum were
finally formed.

Composite preparation

The MFC network was placed between two
PLA films. The films were then compressed for 3
minutes at temperature of 180°C and a pressure of
10 MPa. The prepared composite with a thickness of
~300 um was produced. The composite had a
composition of ~47 wt% fiber and ~53 wt% PLA.

Scanning electron microscopy

The morphology of bamboo fibers with 60
minutes treatment time and without mechanical
treatment was studied using a scanning electron
microscope (SEM JSM6610LV) equipped with a
secondary electron detector under an accelerating
voltage of 10 kV. Before the analysis, the samples
were sputter coated with a thin layer of gold to
avoid charging. The fractured surface the composite
reinforced with MFC was investigated.

Tensile testing

Tensile properties of MFC networks, neat
PLA films and composites were performed using a
LLOYD LR 50 K wuniversal testing machine
equipped with a load cell of 1 kN. Samples with
the width of 5 mm were tested with a gauge length
of 40 mm and a crosshead speed of 1 mm minute’.
The samples were mounted in the grips with a
padding of filter paper. The width and thickness of
the specimens were measured using a vernier
caliper and micrometer, respectively. The Young’s
modulus was calculated from the initial part of the
slope of the stress-strain curve. At least five
samples were tested for each material to obtain
means and standard deviations.

Results and Discussion

1 wt% cellulose suspensions of untreated
bamboo fiber and 60 minutes-treated bamboo
fibers are shown in Figure 1. The raw bamboo
fibers were precipitated at the bottom of the bottle
after mixing with distilled water. However, no
sedimentation of fibrils mechanically treated for 60
minutes can be observed after 24 hours. This
indicates the higher degree of fibrillation and more
surface area of MFC fibrils can be obtained.®"
The similar behavior has been found from aqueous
suspensions of cellulose nanofibers pre-treated
using high  pressure  homogenization and
sonication. !

(A) (B) Figure 1. Suspensions of (A) bamboo fibers and (B) MFC fibrils after 60 minutes treatment time.
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SEM micrographs of the raw bamboo
fibers and MFC fibrils after mechanical treatment
for 60 minutes are shown in Figure 2. The web-like
structure and highly entangled MFC fibrils can be
observed.”” This confirms that MFC fibrils with
diameters in the range of 100-500 nm can be
prepared from raw bamboo fibers using a high

speed blender. The wide range of diameters and
widths for MFC fibrils has been also found using
ultrasonication to fibrillate lyocell fibers.*” It is
worth noting that the shear stress produced from
the high speed blender used in this project may be
not enough to fully fibrillate nanofibrils from the
bamboo fibers.

Figure 2. SEM pphotographs of (a) the uuntreated bbamboo singgle fiber annd (b) MFC fibrils after mmechanical

treatment fofor 60 minutes.
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The fractured surface of the MFC
reinforced PLA composite after tensile testing is
shown in Figure 3. PLA can be observed to
penetrate the MFC network to interact with MFC
fibrils as the network had high porosity. The effect
of fibril network porosity on stress transfer in
composites has been discussed.” It is difficult for
PLA resin to penetrate into a dense network of
bacterial cellulose with 10% porosity. The interaction

of the less porosity network and polymer matrix
can be found only on the top layer of the network
and the matrix."” The better interaction between
the fibrils and polymer matrix, on the other hand,
can be found for composites reinforced with high
porosity networks because the polymer resin can
ecasily penetrate through the bigger pores between
fibrils into the network.”

Figure 3. SEM image of the fractured structure of the MFC reinforced PLA composite after tensile testing.

Mechanical properties

The tensile properties of the neat PLA
films, MFC networks and MFC reinforced PLA
composites are summarized in Table 1. Young’s
modulus and tensile strength of MFC networks are
0.2 GPa and 2.6 MPa, respectively. Although these
values of the MFC networks are very Ilow,
compared to values of 2.4 GPa and 32.8 MPa for
Young’s modulus and tensile strength of neat PLA
films, after embedding the MFC network in PLA
resin Young’s modulus and tensile strength of
MFC reinforced PLA composites were found to
increase by ~30% and ~18% to 3.1 GPa and 38.7
MPa, respectively. This results from the penetration
of PLA into the network and better interaction
between MFC fibrils and PLA resin, as shown in
the SEM image. This improvement also confirms
that MFC fibrils prepared from bamboo fibers
using a high speed blender can be used as
reinforcement with PLA.

Similar increase of mechanical properties
has been previously reported for composites
reinforced with cellulose nanofiber networks,*'®!>!419
MFC networks were prepared using the combination
techniques of homogenization and high intensity
sonication, and PLA composites reinforced with
these networks were fabricated using a compression
molding. Tensile modulus and strength of the
composites were found to be improved by 60% and
14%, compared to those of the neat PLA films.”
Moreover, Cheng et al."'? studied the effect of two
different types of lyocell fibers (untreated lyocell
fiber and mechanically treated lyocell fiber) on
mechanical properties of composites. Young’s
modulus and tensile strength of composites
reinforced with treated lyocell fibers were found to
be superior to those of untreated lyocell fiber
reinforced composites. This is due to the higher
aspect ratio of fibrils isolated from fibers after
mechanical treatment.
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Table 1. Tensile properties of PLA films, MFC networks and MFC reinforced PLA composites. Errors are reported in

parentheses.
Materials Tensile modulus Tensile strength Strain
(GPa) (MPa) (%)
Pure PLA film 2.4(0.2) 32.8 (5.3) 3.2 (2.0)
MFC network 0.2 (0.1) 2.6 (0.3) 7.1 (1.3)
MFC /PLA composite 3.1(1.4) 38.7 (2.8) 1.9 (0.2)
Conclusions

MFC fibrils with the wide range of
diameters and sizes were successfully prepared
form 11 pm-diameter bamboo fibers using a high
speed blender, and laminated bionanocomposites
of poly(lactic acid) and porous MFC networks
were subsequently prepared using a compression
molding. Mechanical properties of neat polymer
resin, composites and MFC networks were
investigated. It can be found that the addition of the
MFC network in the PLA resin can increase
Young’s modulus and tensile strength from 2.4 to
3.1 GPa and 32.8 to 38.7 MPa, respectively. Strain
of the composites, however, was found to be lower,
compared to neat polymer. The higher mechanical
properties of the composites may be due to the
good interaction between MFC fibrils and matrix.
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