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ABSTRACT

This study investigated the flexural properties of unidirectional flax sliver reinforced polylactic acid
by molding pressure and chitosan fiber addition. As a molding condition, the range of molding
pressures was 1 MPa to 5 MPa. Molding was done using vacuum compression molding. The amount
of added chitosan fiber was 5 wt.%. The chitosan fiber was applied to the flax sliver surface. After
chitosan fiber addition, the flax sliver surface was observed using scanning electron microscopy
(SEM). Static three-point flexural tests of the green composite were conducted at room temperature.
As a result, the flexural strength and modulus of green composite increased with increased molding
pressure. The flexural strength and the modulus of chitosan fiber with added green composite greatly
decreased compared with those of green composite with no added chitosan fiber when the molding
pressure was 5 MPa. SEM observations revealed many chitosan fibers on the flax sliver surface. The
flexural properties of green composites were affected because matrix penetration among the flax
fibers readily occurred at molding pressures. However, the flexural properties of the green
composite with added chitosan fiber at a molding pressure of 5 MPa was lower than that of the
green composite with no added chitosan fiber at a molding pressure of 5 MPa because matrix
penetration between flax fibers was probably prevented by the chitosan fiber addition.

Keywords: chitosan fiber, green composite, flax sliver, flexural property, molding pressure,
polylactic acid.

1 INTRODUCTION
The mechanical properties of green composites have been examined for wider application
[1]-[11]. The tensile properties of green composites were improved using flax slivers [12].
A green composite was used to form body frames of microelectric vehicles in 2017 [13].
However, interfacial adhesion between natural fibers and the biodegradable polymer was
not good. Therefore, the effects of nanofiber addition on the mechanical properties of green
composites have been studied for improvement.

Takemura et al. [14] reported the impact properties of a green composite with added
cellulose nanofiber using plain woven jute fiber after water immersion. The impact strength
of the green composite incorporating plain woven jute fiber was increased by cellulose
nanofiber addition to jute fiber surface before and after water immersion. Takagi et al. [15]
reported stretching strain effects on the tensile properties of 10 wt.% cellulose nanofiber
added green composite using gel-polyvinyl alcohol. The tensile strength and Young’s
modulus of a green composite with added cellulose nanofiber increased with increased
stretching strain by up to 40% by fiber orientation control of cellulose nanofiber.

Recently, chitosan fibers found in crab and shrimp shells have been specifically
examined as nanofibers for use in the next generation of materials development. The
chemical structure of chitosan fiber resembles that of cellulose. However, the effects of
molding pressure and chitosan fiber addition on the flexural properties of green composites
remain unclear: a fact that limits the wider application of these materials.
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This study investigated the effects of molding pressure and chitosan fiber addition on the
flexural properties of a unidirectional flax sliver reinforced green composite.

2 SPECIMENS
2.1 Materials

The matrix was a PLA resin sheet (Ecodear 250-1BO1CA; Toray Co., Ltd.). The
reinforcement was done using flax slivers (Shigaasa kogyo Co., Ltd.). The added fiber was
chitosan fiber (Bfo-08002; Sugino Machine Limited), 5 wt.%.

2.2 Chitosan fiber addition method

The flax slivers were aligned in a longitudinal orientation. The chitosan fiber was applied to
the flax sliver surface on the front and back side. Subsequently, the chitosan fiber with the
added flax slivers was dried at room temperature for 24 h for fabrication of the preform.

2.3 Molding method and specimen size

For the fabrication of the green composite, chitosan fiber and PLA sheets, with no added
flax slivers, were alternately laminated in the mold. Then, control of flax sliver direction
was done using aluminum spacers at both sides on the mold. In addition, the unidirectional
preform and PLA sheet were laminated. Vacuum compression molding was used for green
composites with and without chitosan fibers and unidirectional flax slivers. The molding
pressures were 1.0-5.0 MPa. The molding time was 10 min. The molding temperature was
190°C. Thereafter, the mold was cooled to room temperature. Fiber volume fractions of
green composites with and without added chitosan fiber were 55%. Their specimen size for
static flexural tests was 80 mm long, 15 mm wide, and 2.0 mm thick.

3 TESTING METHODS
3.1 Surface observations of green composites with and without added chitosan fibers

The surfaces of green composites with and without added chitosan fibers were observed
using an optical microscope (VHX-5000; Keyence Co.). From photographs taken at three
areas, we measured the fiber orientation angle on the specimen surface. Fig. 1 presents a
schematic drawing of fiber orientation angle measurement.

3.2 Static three-point flexural test

Static three-point flexural tests of green composites with and without added chitosan fibers
were conducted based on Japanese Industrial Standard (JIS) K 7017. The gauge length was
60 mm. The environmental temperature was room temperature. The crosshead speed was
1.0 mm/min. The number of specimens was five.

4 RESULTS AND DISCUSSION
4.1 Surface observations of flax sliver and green composite

Fig. 2 portrays the surface of flax sliver after chitosan fiber addition. The surface of
chitosan fiber with added flax slivers became rough. Some chitosan fibers were
found between flax fibers. The flax sliver surface in some areas was covered by added
chitosan fibers.
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Figure 1: Schematic drawing of fiber orientation angle measurement.

Figure 2: Surface of flax sliver after chitosan fiber addition.

Fig. 3 shows the effects of molding pressure and chitosan fiber on the surface of flax
sliver reinforced green composites. Fig. 4 shows the fiber orientation angle on the surface
of the flax sliver reinforced green composite. Scattering of fiber orientation angles of green
composites under all conditions became small. Fiber orientation angles of green composites
were very similar under almost all conditions. Therefore, the flexural properties of the
green composite used for this study were unaffected by the fiber orientation angle.
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Figure 3:  Specimens. (a) Molding pressure 1 MPa; (b) Molding pressure 5 MPa; and
(c) Chitosan fiber addition and molding pressure 5 MPa.

4.2 Static three-point flexural test

Figs 5 and 6 show the effects of molding pressure and chitosan fiber addition on the
flexural properties of the flax sliver reinforced green composite. The flexural strength of
green composite increased with increased molding pressure. The flexural strength of the
green composite molded at 5 MPa was much greater than that of green composite molded
at 3 MPa. The flexural modulus of the green composite slightly increased with increased
molding pressure up to 3 MPa. Subsequently, the flexural modulus of green composite
formed at 5 MPa was much higher than that of the green composite molded at 3 MPa.
However, the flexural strength and modulus of the green composite molded at 5 MPa were
decreased 31% and 30%, respectively, by chitosan fiber addition.

WIT Transactions on Engineering Sciences, Vol 124, © 2019 WIT Press
www.witpress.com, |SSN 1743-3533 (on-line)



Materials and Contact Characterisation IX 97

Fiber orientation angle [°]
w

1MPa 3MPa 5MPa Chitosan
fiber (SMPa)

Figure 4: Fiber orientation angle of green composite.
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Figure 5:  Effects of molding pressure and chitosan fiber addition on flexural strength of
green composite.
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Figure 6:  Effects of molding pressure and chitosan fiber addition on flexural modulus of
green composite.

The results described above indicate that the fiber orientation angles of green composites
were small under all conditions. Moreover, the flax sliver surfaces in some areas were
covered by added chitosan fibers (Fig. 2) because chitosan has film-forming ability. When
thermogravimetric analysis of chitosan was conducted, the initial temperature of chitosan
was about 230°C [16]. The matrix was unable to penetrate among flax fibers because of
chitosan fibers’ film-forming ability and high temperature resistance. Subsequently, many
voids formed between flax fibers during molding. Therefore, the flexural property of green
composites was unaffected by the fiber orientation angle. The flexural properties of green
composites were affected mainly by matrix penetration into flax slivers readily occurring
due to molding pressure. By contrast, the flexural properties of green composites with
added chitosan fiber molded at 5 MPa decreased because chitosan fiber addition probably
prevented matrix penetration among flax fibers.

5 CONCLUSIONS
This study investigated the flexural properties of a unidirectional flax sliver reinforced
green composite by molding pressure and chitosan fiber addition. The results show that the
following conclusions can be drawn.

The flexural strength and modulus of the green composite increased with increased
molding pressure. The flexural strength and modulus of the green composite was decreased
considerably by chitosan fiber addition when the molding pressure was 5 MPa. From
surface and SEM observations, fiber orientation angles on surfaces of green composites
under all conditions were small. Many chitosan fibers were found on the flax fiber surface.
Therefore, the flexural properties of green composites were affected because matrix
penetration among the flax fibers occurred easily with adequate molding pressure. However,
the flexural properties of green composite formed with added chitosan fiber at 5 MPa
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decreased probably because chitosan fiber addition prevented matrix penetration among the
flax fibers.
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