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Abstract

In the last few decades, the global community's demands are getting stronger for more
environmentally friendly materials. Natural fiber reinforced composites have been applied as
reinforcement in concrete, sound absorbers, buildings, aeronautical, aerospace, sanitation,
electronics, bridge decks, interior, automotive, sports equipment and furniture industries, modular
structures, and others. Natural fibers are receiving high attention due to their sustainability,
environmental friendliness, low density, low cost, low abrasiveness, renewability, and
biodegradability, as well as contributing to the consumption of CO2 gas. As reported by many
researchers, Indonesia has several natural resources for natural fibers such as bark fiber, leaf fiber,
seed/fruit fiber, grass fiber, stalk fiber, and wood fiber.
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1. Lignocellulosic Based Composite: Potency and Challenge
in the Future

Composite materials are attractive because they combine materials
properties in ways not found in nature [1]. Considering the global
environmental concerns, there have been much efforts to provide eco-
friendly and biodegradable materials for composite products [2].
Generally, composites based on lignocellulosic/natural fibres can be
divided into the following groups: conventional panel bonded composites
(particleboard, fiberboard, insulating board), mineral bonded composites
= (gypsum board, cement board), and natural fibres reinforced polymers
(nonwoven textile-type composites). As for reinforcement, natural fibers can eventually be used
to replace glass fibers in diverse fields, such as aircraft, guitars, automotive, interior, decks,
furniture, electronic components, artificial joints, structural or non-structural [1], [2].

Natural fibers are getting high attention due to their sustainability, ecofriendly nature, low
density, low cost, low abrasive, renewability, and biodegradability, as well as contribute to the
consumption of CO2 gas [1]-[3]. There are several major types of natural fibers: bast fibers, (jute,
ramie, flax, rattan, hemp, kenaf), leaf fibers (abaca, banana, sisal, and pineapple), seed/fruit fibers
(cotton, coir, kapok), grass fibers (bamboo elephant grass); stalk fibers (rice, corn, wheat stalk),
and wood fiber [1], [2]. The properties of natural fibers can vary depending on the source, age and
separating technique of the fiber, however exhibit comparable specific strength and stiffness
compared to glass fiber [1]. For example, bast fibers are usually have high tensile strength and
stiffness, light weight as well as easily available, therefore is more applicable for automotive and
building industries. Other factors that are also influence the behavior of fibers, such as their length,
physical properties (e.g., dimensions, defects, structure, and cell wall thickness), cellulose content,
and spiral angle of the cell layers [3]. The natural fibers are mainly composed of lignin and sugar-
based polymers (i.e., cellulose and hemicellulose) and small number of other materials such as
starch, extractives, protein, and inorganics. Those chemical components of fiber are known to have
significant effect on the bonding properties with matrix.
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The main problem identified with natural fibers, namely, susceptibility to biodegradability,
dimensional instability, and the incompatibility between fiber and matrix due to the hydrophilic
nature of fibers and hydrophobic nature of polymer macromolecules, which leads to undesirable
properties of the composites. It is therefore various fiber-polymer interface modification is
considered to improve their bonding properties with different matrices, such as alkaline, silane,
acetylation, benzoylation, peroxide, maleated coupling agents, sodium chlorite, acrylation and
acrylonitrile grafting, isocyanate, stearic acid, permanganate, corona, and fungal treatments [3],
[4].

The other main component in composite is matrix/resin/adhesive, that is responsible to hold
the reinforcing materials together by surface connection [3]. Two classifications of resin are
petrochemical-based and bio-based resins. The two major types of petrochemical-based resins are
thermoplastics and thermosets [3], [5], while bio-based resins are polymers that are fully or
partially obtained from renewable resources. These bio-based resins have advantages such as
recyclable, renewable, safe, and environmentally friendly. However, their production cost is higher
than that of petrochemical-based resins [3]. Each resin has its own bonding mechanism which also
affects the final properties of the composite. To improve the affinity and adhesion between fibers
and thermoplastic resin in composite production, additives such as chemical coupling agents or
compatibilizers have been employed [4].

It can be pointed out that a better understanding of the molecular structure and interfacial
interaction between the resin/matrix and the fibers and the relationship between the structure
and property would be a major breakthrough in this area of research [6]. The key points to prepare
a good composite is dependent on three important factors, i.e. characteristics of the adhesive,
properties of the natural fibers, and the technology of manufacture of the composite. This also
means that the choice of production process will be an important step for the application stage in
the composites industry.

2. Natural Fiber-Reinforced Composites: Role and Solution
for Society and Industry

Community demands for materials that are more environmentally

friendly for global problems are increasing. Natural fiber-reinforced

composite materials such as sisal fiber-reinforced composites, corn husk -
fiber-reinforced composites, coconut fiber-reinforced composites, and -

others, have received attention from the public and industry because of —_—

the potential advantages that exist in their use, such as higher strength, A‘___//

lighter weight, more durability, rehabilitating existing structures, higher 4 ?
performance, seismic enhancement, unique requirements of defense

systems, space systems, and marine environment [7]. Currently, natural fiber-reinforced
composites have been applied as reinforcement in concrete, sound absorbers, buildings,
aeronautical industries, aerospace, sanitation, electronics, bridge decks, interior, automotive,
sports equipment, and furniture, modular structures, etc [7]-[10].

For society and industry, natural fiber-reinforced composites have a role in solutions that seek
to extend the life of existing structures, efficiently maximize the benefits of potentially limited non-
renewable resources, develop new structures that achieve superior service life with minimal
maintenance, weather resistance, and avoiding the environmental, social and economic impacts
associated with replacement and new construction [8]. The benefits of this composite can be
realized from its physical characteristics and potential so that its service life exceeds traditional
materials. Then, the lightweight of the composite can reduce construction costs to a lower level,
increase construction speed and minimize environmental impact [11], [12]. Furthermore, the high
mechanical properties of composites mean that less material is required to achieve the same
performance as traditional materials so that resource use and waste production can be minimized.
Regardless of the technological progress achieved, there are obstacles in developing and
implementing the technology. In addition, the characterization of durability required innovation in
production costs and minimize environmental impact [12], [13]. The required life extension of the
use of composites to offset any economic, social, and environmental concerns needs to be
measured. The choice of composite will depend on environmental, economic, socio-political
factors, and may not always provide an ideal solution; however, there is a need to objectively
measure the advantages and disadvantages of natural fiber composites compared to other
materials.
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Figure 1.
Global automotive NGV
market in 2020 [14]

Figure 2.
Composite Cylinder from
NEIL [16]
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3. Composite Cylinders: An Important Contribution to

Weight Reduction of Natural Gas Vehicles

Global Automotive NGV Market

share, by vehicle type, 2020 (%)

@ Passenger Vehicles @ Light-duty & Heavy-duty Buses and Trucks @ Three-wheelers

In 2020, the market demand for global natural gas vehicles (NGVs) is
29,793.76 thousand units and is expected to grow 3.3% from 2021 to
2028 (see Figure 1) [14]. The market's interest in natural gas is driven by
its lower price and more environmentally friendly footprint compared to
conventional fossil fuels such as gasoline, diesel and LPG [15]. Since the
natural gas pressure in the cylinder reaches 200 bar (20 MPa), steel-based
cylinders (type 1) contribute to the total weight of the vehicle
significantly, and they still dominate the Cylinders installed in vehicles
today. However, now a composite-based cylinder has been developed
(type 3 and type 4) which can
reduce cylinder weight by up to
70% and increase mileage up to
12% [16]. Type 3 composite
20,793.8K Units cylinders are made from high-
W strength fibers wound around
cylinder liners and bonded

together by resins such as
epoxy (see Figure 2). Type 4
cylinders are fully encased in a
composite reinforced plastic
n@ﬁ%ﬁ@?’wﬂﬂ layer to withstand the full
pressure load. The Type 4

design is attractive because it is
the lightest of all designs. In the
future, and perhaps not for
long, there may be a new type
of composite cylinder with a

Glass/ La . .
Prolactionag?t:pyacl el superior design to reduce

overall weight. Engineers in
research institutes, academia,
Aluminum Liner and cylinder manufac-turers

Al tightness & sh i
N ENE are working hard to make a

better contribution [17], [18],

not only to an eco-nomically acceptable cylinder design, but also to a sustainable transportation

society. Would you like to take part?

4.Bamboo Utilization for Both Bio- and Green Composites

Reinforcement

Synthetic polymer composite materials such as CFRP and GFRP had
successfully contributed to humankind in terms of lightweight structure.
Unfortunately, they had also left environmental problems especially in
their after use through landfilling and incineration methods. Today,
global warming and environmental issues continue in line with global
community concern for healthier lifestyles. One of the lifestyles is green
materials utilization such as bio- and green composites. Those are two
kinds of engineering materials based on natural fibers reinforced both

synthetic and natural-based matrix, respectively. Synthetic matrices are those man-made polymers
from petrochemical products such as polyester and epoxy (thermoset) as well as polypropylene
and polyamide (thermoplastics). Meanwhile, natural polymers come from starch, gluten, chitosan,
and vegetable oil based. Natural fibers are lignocellulosic fibers that are produced naturally from

plants such as bananas, bamboo, hemp, and jute.
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Figure 3.

Bamboo mechanical
properties based on
hierarchical structures
[19]
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Bamboo wall Bamboo technical fibre Bamboo Bamboo as a plant or
(fibre bundle) elementary fibre . .

its fibers represents a

natural composite due to

its structures comprising

matrix and reinforcement

as shown in Figure 3.

d=6-11cm E—

Primary wall
| 7- Bamboo fibers, extracted
\%‘.;; i from its culm, are comprise
Q’\ RM of technical (100~200
L\\ .

L=1-3mm

secondary wall , microns) and individual (<
/47 30 microns) fiber forms
[19], [20]. Bamboo fibers
e VA have the potential to utilize
£} as reinforcement  for
environ-mentally  friendly
compo-sites due to their
high specific strength, low-temperature processes, renewable, zero CO2 emission, and low cycle
plantation. Osorio, Zakikhani, and Khalil stated in their research that bamboo fibers' strength is
comparable with those of glass fibers [21]. Bamboo fibers are also potential for lightweight
composite automotive parts in terms of their high specific strength which can contribute to the
speed and lower fuel consumption [22]. Unfortunately, bamboo fibers, as well as the other natural
fibers, have high water absorption and low compatibility matrix properties which can reveal some
composite problems such as voids, fiber-matrix interface, and swelling. To overcome these
problems, solution efforts are still developing by researchers around the world in terms of fiber
extraction (chemical, mechanical, and chemo-mechanical methods), surface fiber (alkalization,
permanganate) treatments, matrix toughen (epoxy-silica nanoparticles), manufacture techniques
(VARI, CM, HLU) as well as fiber hybridization (bamboo fibers combine with other natural fibers)
[23]-[27]. These are big opportunities for Indonesian researchers to take apart, especially due to
Indonesia as a country that has 135 of 1250 world bamboo species [28].
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