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Aiming at the green manufacturing technology of automotive industry, in the past, some researchers have developed green
materials—fully degradable natural fiber reinforced polylactide composites. In the researches, the natural fiber volume
fraction (or weight fraction) ranges from 20% to 55%. In order to lower the cost of the composites, an effective way is to
increase natural fiber volume fraction and decrease polylactide fraction. In this research, a more uniform fiber blending
method is employed, and the natural fiber volume fraction is increased to 70%. The fabrication process includes two steps:
felt making and hot pressed molding. Short jute fiber and short PLA fiber are blended on a fiber opening machine in terms
of fiber volume fractions, 60% and 70% respectively. The mixtures are carded and needle punched to make felt. Then the felt
is hot pressed at 180 C, and the jute/PLA composites are fabricated. Mechanical properties of the composites with different
fiber volume fractions are investigated. Real size truck liners are successfully manufactured. The composites have very good

formability and processability.

1. Introduction

Environmental pressure and the shortage of the natural resource
has increased the urgency for development of green design and
manufacturing technology. Green design and manufacturing
technology is to aim at minimizing major environmental impact at
all stages in the life cycle of a product, especially with regard to the
sourcing of raw materials, the purchasing of components for use,
and the end-of-life disposal.' Materials that have less impact on
environment are known as green materials, which are less energy
consuming, less harmful to health when processed, recyclable, and
sustainable.

Polylactide (PLA) is a degradable polymer called “green plastic
for the 21st cen‘a.l.ry”,2 not only because it is degradable but that it is
synthesized from renewable resources as well, such as corn or
potatoes. It attracted much attention in recent years for the reasons
that it offers an alternative to maintaining sustainable development
of economically and ecologically technology leading to the
reduction of fossil-based raw materials, complete biological
degradability, the reduction in the volume of garbage and
compostability in the natural cycle, protection of the climate
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through the reduction of carbon dioxide released, as well as the
application possibilities of agriculture resources for the production
of green materials.

PLA can be totally degraded in aerobic or anaerobic
environments in two months to five years, and chain fragmentation
can be obtained at higher humidity and temperature as soon as 7
days.® Due to its degradability when exposed to heat and humidity,
nowadays, polylactide is mainly used for packaging applications
such as food packaging for short shelf life products, containers,
drinking cups, salad cups, overwrap and lamination films, and
blister packages.

Another favorable property is its higher strength (35-60MPa)
and elastic modulus (3.5GPa) than those of commonly used plastics
such as polypropylene (30MPa and 1.6GPa respectively). This
makes it possible to manufacture structural components.

Automotive industry largely uses glass fiber reinforced
polymeric composites to make structural components for purpose of
weight reduction. Lightweight material application to automobile is
an effective approach to lower energy consumption.*’

However, glass-reinforced plastics still exhibit shortcomings
such as their relatively high fiber density, difficulty to machine, and
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poor recycling properties, particularly the potential health hazards
posed by glass-fiber particles.

The awareness of environment protection all over the world and
the release of strict guideline and regulation in European and some
Asian countries concerning automotive end-of-life requirement
forced the automakers to seek eco-friendly materials to make car
“greener”. Therefore, over the past ten years, natural fibers have
been used as reinforcement in composite components for
automobiles. The advantages of natural fiber are its low cost, low
density, renewability, high strength and modulus of elasticity and
low heat conductivity. These make it very suitable for automotive
components, especially for interior components.

Natural fiber as reinforcement in PLA is a perfect combination
to make eco-friendly composites. Such composites are fully

degradable materials. In recent years, aiming at automotive
applications, a lot of work has been performed to fabricate natural
fiber reinforced polylactide composites.®'® Most work has focused
on the fabrication and mechanical properties improvement.
Currently, one of the restrictions for polylactide to be largely
used in automotive industry is its higher price. To lower the total
cost of natural fiber reinforced polylactide composites, an effective
way is to increase the fiber volume fraction in the composite.
However, in the case of very high fiber volume fraction, the
adhesive bonding between fibers and resin is weakened due to the
poor wetability and thus resulting in the mechanical properties
decrease. Therefore, the fiber volume fraction has a limitation. Some
researchers fabricated and investigated the mechanical properties of
natural fiber reinforced PLA. In their researches, the fiber volume
fraction (or weight fraction) ranges from 20% to 55%.”
The authors of this article fabricated and

jute/polylactide composite with 50% fiber volume fraction in their

investigated

previous work by using a simple film stacking method. The
inherent characteristic of this method is the difficulty to blend the
resin and the fiber uniformly. Therefore the composite obtained by
this method showed layered microstructure. Nevertheless, the
composites still have acceptable mechanical properties.

It is possible to increase fiber volume fraction further if a better
blending method is applied. In this research, in order to improve the
adhesive bonding between jute fiber and PLA resin, and thus to
increase fiber volume fraction as high as possible, a new blending
method is applied to fabricate jute fiber/PLA composite.

Short jute fiber and short PLA fiber are blended on a fiber
opening machine in terms of fiber volume fractions, 60% and 70%
respectively. The mixtures are needle punched to make felt. Then
the needled felt are hot pressed at 180°C, and the jute/PLA
composites are thus fabricated. Mechanical properties of the
composites with different fiber volume fractions are investigated.
Real truck liners of the composite were successfully fabricated.

2. Materials and Fabrication Process
Polylactide fiber (3D/38F) was purchased from Shenzhen

BrightChina Industrial Co., Ltd.. The density of the PLA fiber is
1.24g/cm’. The melting index at 190°C is 10-15g/10 min. The
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yielding strength is 54MPa. The fiber length is around 80mm. The
morphology of PLA fiber is shown in Fig. 1(a).

China jute fiber was used as reinforcement in composite. China
jute (Abutilon theophrasti Medic) is a regional grown fiber plant. It
is a preponderant renewable resource in China. The fiber, removed
from jute stem by retting, with original length of 2.5-4m, was cut
into short fibers of 100mm. The density of the fiber was tested to be
0.94g/cm3. The morphology of jute fiber is shown in Fig. 1(b).

The main process includes two steps: making felt and pressed
molding. They are described as follows.

Fibers of polylactide and jute were weighed according to the
fractions in the expected composites. In this research, the volume
ratio of PLA fiber and jute fiber is 3:7 and 4:6, respectively. Then
two fibers were mixed and fed into a fiber opening machine to be
further mixed. And then a combing process was followed by putting
the mixture into a carding machine. The next step was cross lapping
of the combed fiber mixture and needle puncturing to make felt.

Felt of fiber mixture was cut according to the product shape and
size. The felt was covered by two polypropylene films on the top
and bottom and put them together onto a heating machine for Smin
at 180°C. The surface decoration fabrics were placed to the upper
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Fig. 3 (a) Peeling test diagram (b) and (c) microstructure of fiber
bonding on the composite after peeling

mold and the lower mold in advance. Then the hot felt was quickly
moved between the upper and lower mold on a cold press machine.
After Smin pressing at 0.45MPa, the product was removed from the
machine and following trimming processes were carried out. The

detail process is shown in Fig. 2.

3. Quality Inspection Result and Mechanical Property
Test

There has not been authoritative quality inspection standard
issued for vehicle interior decoration products until now. The
product quality inspection items are determined by the agreement
between supplier and buyer, generally, size and shape tolerance,
flexibility for easey installation, tensile strength, adhesion between
the decoration fabrics and the fiber reinforced layer. Most of the
above items are inspected qualitatively and quantitatively in this
research.

Our concern mainly focuses on the mechanical property of the
composite, the surface decoration fabric adhesion to the base
composite. The appearance of the product does not show any
apparent defects. The adhesion of the surface decoration fabric to
the jute fiber composite was measured by using peeling test. The
test diagram is shown in Fig. 4(a). The maximum peeling force is
tested to be 43N. Then peeling strength is calculated to be 3.3N/cm.
After peeling test, fibers from the surface decorating fabric adhered

Fig. 4 Jute/PLA composite plate and tensile samples

to the composite surface can be observed, as shown in Fig. 3(b) and
(c) taken by scanning electronic microscope. The good adhesion
benefits from the melting of polypropylene (PP) film. The use of PP
film between surface decoration fabric and base composite has two
purposes: the first is that PP is an adhesive when it is melted, and
the second is that the PP film serves as a moisture-proof layer.
Tensile strength of the composites was tested. Samples were cut
from a composite plate, as shown in Fig. 4. Tests were conducted on
a universal testing machine with a cross head speed 2mm/min. At
least 5 samples were tested and the testing results were averaged as
the tensile strength. The strength of the composite with 60% jute
fiber volume fraction is 1.9+ 0.33MPa. The strength of the
composite with 70% jute fiber volume fraction is 3.69 + 0.57MPa.

4. Conclusions

In this study, fully degradable polylactide composites with 60%
and 70% volume fraction of jute fiber are fabricated and real truck
liners of the above two composites are manufactured. The
manufacturing process and the mechanical property are investigated.
The results are summarized below:

1. Composites with high jute fiber volume fraction can be
fabricated by using fiber mixing, felt making, and hot pressed
method. The fibers can be uniformly mixed by this method.

2. Mechanical property of the composite materials has been tested.
The strength of the composite with 60% fiber volume fraction is
1.9 + 0.33MPa, whereas the strength of composite with 70%
fiber volume fraction is 3.69 + 0.57MPa.

3. The peeling strength of the surface decorating fabric adhesion
to the composite is 3.3N/cm. Good adhesion is also evidenced
by scanning electronic microscope observation.

4. Real size truck liners have been manufactured. The products
have excellent formability, and processability.
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