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Natural Leaf Fiber
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Contributor: Virendra Kumar

The use of natural fibres has rapidly increased due to their high availability, low density, and renewable capability
over synthetic fibre. Natural leaf fibres are easy to extract from the plant (retting process is easy), which offers high
stiffness, less energy consumption, less health risk, environment friendly, and better insulation property than the
synthetic fibre-based composite. Natural leaf fibre composites have low machining wear with low cost and excellent
performance in engineering applications, and hence established as superior reinforcing materials compared to

other plant fibres.

thermoset polymer natural composite environment sustainability chemical treatment

mechanical properties

| 1. Introduction

The evolution of various efficient natural fibres as reinforcing material made natural fibre polymer composites
(NFPC's) a key attraction for the couple of decades. In the present scenario, scientists and technologists have
highlighted natural fibres supremacy over synthetic fibres as reinforcement materials. Synthetic fibres (for e.g.
glass fibre and carbon fibre, etc.) were used earlier in polymer composite because of their high mechanical
strength in various engineering applications. In view of environmental concern, the synthetic fibre polymer
composite materials are not eco-friendly and non-biodegradable. However, when natural fibre is introduced in the
field as a replacement for synthetic fibre, many studies have reported that natural fibre-reinforced polymer
composite sustainability is high LIZIEBIAIBIEIIEIE  |ts acceptability to the environment is better due to renewability
and biodegradability. Nowadays, researchers are developing the governing acts and general social perception
regarding energy, raw material wastage, and pollution towards the environment. The issue can be minimized by
using natural fibres. Ancient civilizations were involved in using natural fibres in various forms to meet their
requirements. As time passed, the fibre extraction from the plant became significant and easy due to advancement
in technology.

NFPC’s and their utilization have increased tremendously in various engineering applications like automobile,
packaging, structural component, aerospace, marine, electronic industry, sports goods, microbial fuel cell, air filter,
and housing panels. The NFPC’s showed high strength due to the presence of the cellulosic component. Recently,
industries found that natural fibres have great potential in the outdoor insulation, production of nano-whisker and
packaging applications 2. NFPC’s demonstrated several advantages such as high specific strength, wide

availability, low density, renewability, high stiffness, a high degree of flexibility, less energy expenditure, low health
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risk, and low abrasiveness. NFPC’s are biodegradable, inexpensive, and own excellent mechanical performance,
which made them a favorite attraction for many industries 19, NFPC'’s also offers disadvantages to some extentas
natural fibres are hydrophilic, increased water intake while matrices are hydrophobic (water-resistant) which
decreases the adhesion behaviour between fibre and matrices causing a reduction in their physical and
mechanical properties [11l. However, various treatment methods of natural fibres increase the fibre/matrix adhesion
as reported in literature for enhancing the adhesion in fibre/polymer composite material 22131 The cost
comparison is an essential factor, since natural fibres have much lower density and strength than glass fibres. Cost
per weight comparison between glass and natural fibres is shown in Figure 1 24 The figure clearly states that
natural fibres, mainly bamboo, sisal, jute, kenaf, are useful to compete with glass fibres. Overall, it was found that

lower densities of natural fibres are cheap compared to glass fibres (4],
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Figure 1. Cost per kg weight comparison between glass and natural fibres. Reprinted with the permission from
Reference 4, Copyright 2012 Elsevier.

Bio-composites materials have played a promising role in their substituting petrochemical materials with materials
having less greenhouse gas emissions 2l Natural fibre composites usage would provide an alternative to

minimize carbon footprint due to the capability of carbon dioxide (CO,) absorption by natural fibre resources [61L7]
18]

| 2. Classification of Natural Leaf Fibers

The natural fibre is classified into two forms namely, plant fibre and animal fibre. Natural fibre can be extracted from

plants and classified according to their utilization. The fibre is directly extracted from the primary plant, and fibre is
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produced as a by-product called secondary plant 12, A broad classification of the natural fibres is shown in Figure
2, as reported by zini et al. 29, The primary fibres are jute, hemp, Kenaf, sisal, and secondary fibres are pineapple,
oil palm, and coir. The leaf fibers are a group of long, multiple-celled lignocellulosic fibers extracted from plants,
generally, organize as leafage. While leaves can be diversified in appearance and function, the leaf that can be
used for the production of fiber tends to be short and long, with limited structures that can be mechanically
detached with relative comfort. The leaf of different lignocellulosic plants that are generally used as reinforcement
for polymer composites material comprises those of sisal, agave, banana, pineapple, abaca, and date palm fiber
[21[22]23] * sjsal leaf fiber, also known as agave sisalana, is commonly produced in tropical countries, e.g., Brazil
and East Africa. Its life span is about 7-10 years, with 200-250 leaves, and each of them extracts about 1000
bundles of fiber 24, The sisal plant generally grows up to 2 m; sisal fiber length varies according to climatic
condition, i.e., 6-1.5 m. The leaf of the sisal plant is enclosed with three categories of fiber: structural, arch, and
xylem B9 Among three, the structural fiber is the most important type, due to non-split nature at the time of
extraction, arch fiber has the ability to hold high mechanical strength and hence use in short fiber application.
However, xylem fiber is lost at the time of extraction. Sisal fiber has a dominant fiber due to its strength, endurance,
stretch ability, and resistance ability to degradation in saltwater. However, as the temperature increases the
mechanical strength, toughness, and modulus is decreases [23. The overall requirement for sisal lignocellulosic
fibre and its commodity somehow decreased in years 1998-2000 and 2010 by a yearly rate of 2.3% in terms of
agricultural yarn. Agave fiber belongs to the same family of sisal plant fiber. It is extracted from basal part of agave
plant, length of fiber is about 0.5-2.2 m long, thick, flat, and margins outwardly directed spines. It is generally used
to make ropes, mats, and twines in rural areas. It generally grows in dry uncovered waste lands mostly above 1300

m. It is generally found in the north and south region of India and its native plant is also found in North America.
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Figure 2. Classification of natural fibre. Adapted with the permission from Reference 29, Copyright 2011 John

Wiley and Sons.
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Banana is the largest growing aromatic flowering plant. The leaves of the banana plant are arranged spirally and
can grow up to 2.0-2.7 m long. They are usually used as eco-friendly biodegradable plates and food containers in
most Asian countries. The chemical constituent such as cellulose in banana and sisal lignocellulosic fiber is almost
the same, but the structure of the banana fiber is different than sisal fiber, i.e., the spiral angle is 11° in a banana
and 20° sisal 28, Therefore, the mechanical strength of the banana fiber is higher than sisal [ZZ. Pineapple fiber is
extracted from the leaves of the pineapple plant, and it is found generally in Asia and the Philippines. It is mixed
with polyester or silk to produced fabric for textiles, mops, curtains, and carpets. The pineapple plant spreads all
over the tropical countries as fruit, and thus pineapple fiber is treated as an agricultural by-product. The leaves of
the pineapple plant are long, about 1 m, but the crop of the pineapple plant has a short stem. The chemical content
present in pineapple fiber is identical to flax fiber, and the structural angle is comparably lower (14°). The
mechanical strength of pineapple fiber is similar as compared to jute fibers, but the fiber structure of pineapple has
no mesh. Pineapple fibre is highly microscopic, and the fiber strength can reduce by 50% when pineapple fibers
are wet [28 Abaca plant belongs to indigenous banana species generally produced in the countries like the
Philippines. The leaf height of the abaca plant is about 3—-4 m. Fiber is extracted from the leaf wrap of the abaca
plant, also known as “manila hemp” even though it does not belong to bast fiber. It is usually used for ropes and
twines. It is chosen as the strongest among all lignocellulosic plant fibers because its mechanical strength is three
times more than cotton and two times better more than the sisal fiber. Additionally, it has a superior capability to
resist salt water 19, Date Palm fiber is cultivated from sweet palm fruit-growing trees native to Northern Africa,
India, Middle East, India, United States (US), and the Canary Islands. The general palm tree leaf is 3-5 m long.
The stem part of the palm tree is wrapped in a single fiber with mesh. Usually, these fibers are mostly used to

make baskets and ropes 19,

3. Physical and Mechanical Properties of Natural Fibre
Composites

Physical and mechanical properties of natural fibre composite’s (NFC’s) such as tensile, flexural, impact, and water
absorption are the most general tested properties. The natural fibre selection for different applications depends on
the NFC's strength 29, The factors that influence NFC’s mechanical properties are matrix selection, polymer
interface strength, dispersion, orientation, manufacturing process, and porosity 9. The tensile properties are
improved by adding fibre to the polymer matrix because they have higher values of strength and stiffness as
compared to matrices. When the weight ratio increases near the optimum values (i.e., maximum fibre loading), it
increases the load distribution, which is strongly bonded with matrix and resin, thus revealing better tensile
strength. Higher fibre loading is required for achieving the high performance for short-reinforced polymer composite
81, The properties of flexural strength are completely dependent on the bottom and top surfaces of the specimen.
The flexural stiffness is a criterion for measuring the deformability of the sample. The material structure’s flexural
stiffness depends on two essential properties: elastic modulus (stress per unit strain) and its moment of inertia
around the cross-sectional geometry of the material 22, Fracture toughness is the most important characteristic
property of the material. Impact strength is the energy required to cause damage and the failure progress in the

composite. The composite toughness relies on natural stress and strain behaviour. Fibres with superior mechanical
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properties show the highest impact strength. Water absorption behaviour shows the hydrophilicity of the fibre to
take maximum water in the presence of holes and voids. Some challenges are still present in leaf fibre-reinforced
polymer composite. At first, eco-friendly fibre surface treatment should be developed and implemented. Secondly,
natural fibre’s basic characteristics should be identified before it will introduce in polymer, enhancing the quality of
fibre matrix adhesion. The current challenge is to make them cost-effective. The efforts to produce economically
attractive composite components have resulted in several innovative manufacturing techniques currently being
used in the composites industry. Additionally, flammability is one of very important phenomena that often limits the
application of composites to a given area. However, very little information is available on their fire performance.
Thermal stability of natural fibers, moisture content of the fibers and biodegradation and photo degradation of

natural fibers is one big issue in the natural fiber polymer composite.

Different chemical treatments can resolve this problem, like alkali treatment such as NaOH. However, silane
treatment plays a crucial role in leaf fibre polymer composite to enhance NFC’'s physical and mechanical
properties. For example, surface modification helps to improve natural fibre network structure. For example,
alkaline treatment (NaOH) creates a disturbance of hydrogen bonds in the fibre, therefore increasing the fibre’s
surface roughness. The alkaline treatment eliminates the assured quantity of oil, wax, inorganic salt, and lignin,
which covered the fibre outer surface, uncover the short length crystallites, and cellulosic component is
depolymerized. On the other hand, silane was used as a coupling agent. Silane coupling agents can decrease the
number of non-cellulosic components in the fibre—matrix interface. Additionally, the silane coupling-treated natural
fiber polymer composites are thermally stable as compared to other surface modifications. Leaf-extracted fibre has
low density, high specific strength, and modulus. Leaf fibre, i.e., Sisal, abaca, pineapple, agave, and banana fibre
used in a polymer composite, is useful in a lightweight material potential resource like packaging industry, interior
paneling in the automobile industry, and house holding application. Availability and cost of natural leaf fibre much
low as compared to other natural fibre. Additionally, the use of eco-friendly chemical treatment can improve the
thermal stability of natural leaf fibres-reinforced polymer composite.

3.1. Sisal Fiber Composite

A study on unidirectional Sisal-epoxy composite with alkali treatment of 2% sodium hydroxide (NaOH) was
reported by Rong et al. 32, The tensile property of the composite material was increased as fibre loading
increased. However, a further increase of fibre- loading in matrix resulted in a decrease in the tensile strength due
to the cavities present between the fiber-matrix contacts. An alkali treatment linearly increased the tensile strength
because of better fibre adhesion with the matrix. The surface modification (alkali treatment) made the surface much
coarser compared to untreated/epoxy composite. The flexural strength of the unidirectional sisal-reinforced epoxy
composite was controlled by resistance to inter-laminar failure. It was reported that the flexural strength increased
with alkali treatment. The main reason for the increase in the strength was due to epoxy, which was capable of
filling up the apparent flaws resulting in better load sharing 2. Nimanpure et al. 33 studied the 5 wt. % of alkaline
(NaOH)-treated sisal fibrils epoxy composite with fibre loading 10-35 wt. %. The tensile strength of treated (NaOH)
sisal composite was higher than untreated sisal composites, and as the fibre loading increased, the tensile strength

increased for both treated and untreated composites, as shown in Figure 3. NaOH treatment caused the removal of
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the hemicellulose and lignin components. Decreasing the hemicellulose content led to the reduction of rigidity and
density of the interfibrillar region. Therefore, fibrils were highly capable of reorganizing themselves along with the
tensile deformation direction. Reorganization led to an increase in the transfer of load capacity among the fibril,
hence increased the higher stress-bearing capacity. Lignin removal caused the elimination of micro-voids; hence
the middle lamella of the fibrils was more homogeneous and plastic. Flexural strength and impact energy showed
similar trends as tensile property as shown in Figure 3 133, The treated composite also showed good interfacial
bonding between fiber and matrix.
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Figure 3. (a) Tensile (b) Flexural, and (c) Impact strength at fiber loading (10, 20, 30, and 35 wt. %) of untreated
and 5 wt. % of alkali (NaOH)-treated sisal-reinforced epoxy composite. Adapted with the permission from
Reference 23, Copyright 2017 John Wiley and Sons.

Mechanical properties of short sisal epoxy composite with varying length 5-20 mm was reported by Maya et al. 34!,
The 5 mm sisal-based composite had the least tensile strength due to short epoxy composite underwent cluster
formation and not mixed uniformly with the matrix. The tensile strength initially decreased with the dispersion of
shorts, but with the increase in the length of sisal fibres, the tensile strength was slightly enhanced, i.e., 32.2 MPa
to 45.45 MPa. At the same time, the flexural strength and impact strength was increased with an increase in fibre
length. The result indicated that with long length, the interfacial bonding of fibre and matrix was enhanced. The 20

mm length of sisal epoxy composite showed the highest mechanical properties B4, Yan et al. B3 studied the
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mechanical properties of sisal lumen-reinforced epoxy composites. The epoxy resin ratio filled in the sisal lumen
was adjusted by injecting in an aligned direction at the required pressure. At low injection pressure, the resin
amount penetrated more in the sisal lumen and strengthened the sisal. The crack phenomenon of the resin
penetrated sisal was hindered, and thus the crack propagation was decreased. Additionally, resistance towards the
water uptake was increased due to the lumen space’s occupation by the hydrophobic epoxy resins. Thus,
mechanical properties like tensile, flexural, impact strength and water absorption were increased with more lumen
filled with the resin (22!, Beetle et al. (28 studied the fracture mechanism for randomly chopped sisal fibre reinforced
epoxy composite with different loading, i.e., 15, 25, 30, 35, and 40 wt. %. The result showed that as the loading
increased, the fracture toughness properties of sisal/epoxy composite were increased till 30 wt. %, but after 30 wt.
%, the fracture toughness was decreased. This showed that 30 wt. % of fibre loading was the optimum value for
sisal-epoxy composite. Decreasing the toughness after 30 wt. % revealed the poor interfacial bond between matrix
and chopped sisal 8. The mechanical properties of unidirectional sisal/epoxy composites prepared by resin
transfer moulding (RTM) were investigated by Oksman et al. B4, The studies explained that the tensile strength
increased as the fibre loading was increased. The mechanical test results indicated that the mechanical properties
of sisal-epoxy composite showed higher modulus (40 GPa) compared to the mechanical sisal test (24 GPa), i.e.,
absence of matrix. On the other hand, the effective strength of technical composite strength was lower than
measured technical strength. This showed that the low strength weight fraction of the mechanical commanded the
composite. Additionally, the more uniform sisal distribution in composite improved the fibre matrix adhesion in

sisal-epoxy composites B2,

Sreekumar et al. B8 reported the influence of surface modification on the mechanical and water absorption
properties of sisal/polyester composites manufactured by resin transfer moulding (RTM). Chopped sisal was
treated with different surface modification chemicals, i.e., permanganate, silane, benzoyl chloride, sodium
hydroxide (NaOH). The chemical treatments and the physical treatment like heating (100 °C) improved the
interfacial bond between fibre and polyester resin. The treatment also indicated that impact properties were
decreased as compared to untreated sisal/polyester composite. The study showed that water uptake was also
decreased with treatment which supported the higher sisal-polyester interaction. Properties like sorption, diffusion
and permeability coefficient decreased after different treatments [28. Mechanical properties of sisal-reinforced
polyester composites fabricated by RTM and compression moulding (CM) were studied and compared. The tensile
strength at different lengths for RTM and CM is shown in Figure 4a. Flexural strength at different loading for both
RTM and CM is shown in Figure 4b. The mechanical properties like tensile and flexural strength were studied as a
function of length (10, 20, 30, and 40 mm) and fibre loading for both fabrication methods, i.e., RTM and CM. The
tensile and flexural strength of length 30 mm demonstrated the maximum strength by the RTM technique
compared to CM. This maximum tensile strength and flexural strength delivered with 30 mm length at 30 vol. % of

fibre loading attributed to CM due to superior interfacial bonding between fiber and matrix 2,
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Figure 4. (a) Tensile strength, and (b) Flexural strength at different lengths (10, 20, 30, and 40 mm) at 30 vol. % of
sisal/polyester composites. Adapted with the permission from Reference B2, Copyright 2009 Elsevier.

Singh et al. 49 reported the effect of different chemical treatments, i.e., titanate, zirconate, silane, and N-
substituted meth-acrylamide, on the mechanical properties of sisal fibre-reinforced polyester composites. An
improvement in mechanical properties was observed when sisal fibres were modified with surface treatments.
Under dry conditions, i.e., unmodified, a decrease of 30 to 44% in tensile strength and 50 to 70% in flexural
strength was reported due to higher hydrophilicity. It was observed that the extent of moisture/water absorption of
surface-treated fibres had been reduced significantly by providing hydrophobicity to the surface via long-chain
hydrocarbon attachment. The different surface modifications of sisal fibre showed an improvement of 15 to 33% in
tensile strength and 21 to 29% in both flexural strength and modulus (silane-treated samples showed an
improvement of 62% in flexural properties). This improvement indicated an improved fibre-matrix adhesion due to
surface modification. The tensile strength of different treatments is shown in Figure 5 (49],
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Figure 5. Influence of different chemical treatment on tensile strength of sisal/polyester composite (50 vol. % of

sisal fiber). Reprinted with the permission from Reference 2%, Copyright 2004 John Wiley and Sons.

Sangthong et al. 41 studied the mechanical properties of untreated and treated sisal polyester composite. Sisal
surfaces were modified by 6% NaOH, and further, the fibres were coated by ad-micellar polymerization with a poly
methyl methacrylate. It was observed that both tensile and flexural properties were increased with increasing fibre
loading, up to 30 vol. %, and after that, the tensile properties were slightly decreased at 40 vol. % fibre loading for
all types of sisal fibres composite due to poor adhesion of fibre and matrices. Additionally, both impact and
hardness properties were increased with increasing the fibre loading and length. Higher amounts of the coating
were also found to impart higher impact and hardness properties. After treatment, moisture absorption of the
composite was reduced to almost 50% (7.98% to 4.48%). Similarly, as the length increased from 10—-40 mm at 30
vol. % loading of fibre, the tensile and flexural strength delivered maximum value at 30 mm length. At high loading,
it was more difficult for the resin to penetrate the decreasing spaces between the fibres, thus causing poor wetting,
and hence, a reduction in the stress-transfer efficiency between fibre-resin interface. This study exhibited the

optimum value of fibre loading is 30 vol. % and 30 mm of length for all sisal-polyester composites 41,

The mechanical properties of sisal-reinforced polyester composites with different concentration of alkali treatment
(aqueous NaOH) was reported by Khanam et al. 42, It was evident from Figure 6 [42], that the tensile and flexural
strength linearly increased with NaOH concentration. The tensile and flexural strength of sisal/polyester composite
were found maximum at boiled 18% aqueous NaOH solution treatment. At boiled 18% aqueous NaOH solution, all

the natural and artificial impurities were removed, creating a rough surface. The rough surface led to a better/matrix
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adhesion, which increased sisal/polyester composite’s mechanical properties. Influence of surface modification on
mechanical properties untreated and treated sisal fibre composites. The impact of different treatments (5, 10 and
18% aqueous NaOH boiled and treated, acetic acid-treated, and methanol treated) of sisal fibre on the tensile and
flexural strength of sisal fibre composites was enhanced at 18% NaOH boiled sisal fibres due to roughness of fibre
after treatment and adhesion between fibre and matrix were improved. This is because alkali treatment can remove
natural and artificial impurities and produce a rough surface topography. This topography offers better fibre matrix
interface adhesion and an increase in the mechanical properties of the composites. There is a lot of betterment in
strength and modulus with 18% NaOH boiled sisal fibres, which again shows, at high temperature, a rougher
surface might have taken place. This rough surface increases the interface bonding between the fibre and the

matrix.
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Figure 6. Mechanical properties of (1: Neat polyester; and different concentration of chemical treatment 2:
untreated Sisal fibre; 3: 5% NaOH-treated; 4: 5% NaOH boiled; 5: 5% NaOH-treated; 6: 10% NaOH boiled; 7: 18%
NaOH-treated; 8: 18% NaOH boiled; 9: 20% acetic acid-treated 10: methanol-treated) sisal/polyester composite.

3.2. Abaca Fibre Composite

Liu et al. (43 studied the effect of chemical treatments on transverse tensile properties of unidirectional
abaca/epoxy composite. The transverse tensile test was performed to analyze the linkages in a unidirectional

abaca-epoxy composite. It was revealed that the transverse tensile behaviour of unidirectional composite purely
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depended on the bond between fibre and matrix. The chemical composition of lignin and hemicellulose showed a
reducing effect on transverse tensile behaviour. Salinization and light mercerization (1.0 wt. % NaOH solution for 5
min) played a key role in enhancing the/epoxy interfacial strength, while a heavy surface modification, i.e., 5.0 wt.
% NaOH solution for 30 min decreased the fiber-matrix adhesion, and led to resin interface modification and

affected the lumen size, which weakened the interfacial bonding between fibre and matrix [43],

The influence of alkali treatment on abaca-reinforced composites was reported by Cai et al. 4. The abaca fibres
were immersed for 2 h with an aqueous solution of NaOH having a different concentration of 5, 10, and 15 wt. %
for better penetration of NaOH solutions into the bundles. The untreated abaca showed a tensile strength of 717
MPa and Young’s modulus of 18.6 GPa. The abaca fibres treated with 5% of NaOH solution showed an increment
in tensile strength by ~8% and in tensile modulus by 36% in comparison to untreated abaca fibres. Above 5%
NaOH treatment, i.e., 10% and 15% of abaca, the mechanical strength was found to deteriorate due to excess
elimination of binding material (cellulose and hemicellulose) due to interactions of highly concentrated alkali
environment. The 10 and 15% NaOH-treated abaca fibres-reinforced epoxy composites maintained their tensile
strength of 682 + 83 MPa and 670 + 26 MPa, respectively, but their Young modulus was decreased by 34% and
49%, respectively. Abaca bundles treated in 5 wt. % NaOH showed high cellulose crystallinity and minimal
fibrillation and exhibited tremendous interfacial adhesion with epoxy resin. Results indicated that the low
concentration of alkali treatments (5%) was beneficial in improving the surface properties and its performance of
abaca fibres for leading composites applications 24!, Shibata et al. 43 studied flexural strength of untreated abaca
fiber, and butyric anhydride (BA)-treated abaca fiber-reinforced with biodegradable polyester, i.e., poly (3-
hydroxybutyrate-co-3-hydroxyvarelate) (PHBV) composite, and compared with PHBV-reinforced with GF, i.e.,
PHBV-GF composites. The abaca fiber was treated with butyric anhydride (BA) for 5 h and reinforced with PHBV
biodegradable polyester, represented as PHBV/5h-BA abaca in Figure 7. The result showed that PHBV/5h-BA
abaca-treated composite showed maximum flexural strength as compared to untreated PHBV/abaca composite
(PHBV/untreated). On the other hand, when fiber loading increases, i.e., 5-20 wt. %, the flexural strength at 20 wt.
% of PHBV-treated abaca showed the highest flexural strength (41 MPa) as compared to PHBV-untreated abaca
fiber and PHBV-GF composite. This showed that the interfacial adhesion between fiber and matrix became

superior due to treatment, as shown in Figure 7 [43],
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Figure 7. Flexural strength of biodegradable polyester composite-reinforced with glass fiber (PHBV/GF) composite,

PHBV/untreated abaca composite, and PHBV/5h-BA abaca composite at different fiber loading (5—-20 wt. %).

Adapted with the permission from Reference 2. Copyright 2002 John Wiley and Sons.

Punyamurthy et al. 28l investigate the water absorption behaviour of untreated and alkali-treated abaca fibre with

different water resources. Moisture absorption studies are done with four different water sources, i.e., seawater,

pond water, river water, and borewell water. Alkali treatment of abaca fibre is done by 5-20% of NaOH. Result

suggests that as the concentration of treatment increases, the water absorption of abaca fibre is decreased, as

shown in Figure 8 48, Pond water showed the least water absorption as the concentration of the alkali treatment is

increasing; this is due to excessive removal of lignin and hemicellulose content which reduces the hydrophilicity of

the abaca fibre [46],
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Figure 8. Water absorption tendency of untreated and alkali (NaOH)-treated single abaca fibre from different water
sources (48],

Punyamurthy et al. 47 studied the Charpy impact strength of different surface modification techniques for abaca-
reinforced epoxy composite. It is treated with different chemical treatments, i.e., Alkali (6% NaOH), Acrylic acid
(1%), Permanganate treatment (0.5% KMnQO,), and benzene-diazonium chloride solution for better surface
modification. The study is done with different loading 10, 20, 30, 40, 50, and 60 wt. %. Further, 40 wt. % loading of
all the different treatments shows maximum impact strength as shown in Figure 9 [47. This is because at 40%
loading, composite showed better distribution in the matrix, low fractures, and better transfer of load from fibre to
the matrix. After 40% of loading, impact strength decreased due to poor bond and less transfer of load from the
matrix to fibres. Untreated composites showed poor mechanical properties due to easy pullout from the interfacial
between the fibre and matrix. Simultaneously, alkali treatment removes non-cellulosic components and more
hydroxyl (-OH) groups in the surface to improve fibre-matrix adhesion. KMnO, treatment deliver better interlink at
the interface by accomplishing rough surface to improve the fiber-matrix bond. Similarly, acrylic acid improves
stress transfer capability to the fibres and matrix to enhance the impact strength.
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Figure 9. Influence of chemical treatment on impact strengths at different fiber loading (10—-60 wt.%) of abaca-

reinforced epoxy composite.

Paglicawan et al. 48 investigated the mechanical properties of plasma and alkali-treated abaca/epoxy polymer
composite. The abaca fibre is put between the electrode plate in which plasma polymerization takes place. Acrylic
acid was used as a monomer for surface modification by plasma polymerization. On the other hand, hybrid
treatment of 2% NaOH (alkali-treated) was used for abaca fibre at a different times for plasma treatment. The
tensile strength of the composites treated with plasma was better for those with hybrid treatment and no treatment
due to better adhesion. The composite’s water absorption is shown to reduce with increase plasma disclosure time
and reduced with combined treatment of NaOH and plasma 8. Chemical treatment of waste abaca-reinforced fly
ash is investigated by Malenab et al. 2. Alkali pre-treatment of 6% NaOH is introduced to remove impurities result
create a rough surface. NaOH-treated abaca is then treated with aluminum sulphate Al,(SO,)3. Chemical treatment
of waste abaca enhances the structure and chemical composition, and high tensile strength is achieved by
removing non-cellulosic components like pectic, wax, hemicellulose, and lignin. Geopolymer itself is coated in the
composite to become a barrier to the pre-treated composite’s thermal degradation. The aluminum sulphate
treatment indicates that it deposits the AI(OH); and roughens the surface for better fibre-matrix adhesion to protect

the fibre from the harsh environment 291,
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Ahmed et al. B reported the effect of silane-modified and vinyl ester on the mechanical properties of abaca
composites. A vinyl ester with 1 wt. % of Hexamethyldisiloxane (HMDS) silane modification with dispersion time of
120 min showed 10% more tensile strength than untreated vinyl ester composite due to the homogeneity of the
dispersion of resin components after stirring for an appropriate time. On the other hand, at 2 wt. % of HMDS silane
modification-vinyl ester abaca fibre, the tensile strength increases about 18% because vinyl ester is adsorbed to
the hydroxyl (-OH) groups of natural abaca fibres by hydrogen bonds on the surfaces and improve adhesion
between fibre and matrix. Similarly, 2 wt. % of HMDS-vinyl ester composite showed higher flexural strength. Water
absorption is at least at 3 wt. % of HMDS-vinyl ester composite due to the removal of non-cellulosic components

and decreases the composite’s hydrophilicity B9,

Liu et al. BY studied alkali (NaOH)-treated abaca-reinforced friction composites. The chopped abaca of 10 mm
length and treated with 3 wt. % of alkali treatment and then soaked with 1 wt. % of sulphuric acid (H,SO,) solution.
The tensile strength of treated abaca is increased by 5.19%, and elastic modulus is enhanced by 2.61% MPa. The
result illustrates that the stiffness and brittleness of the abaca composite improved after alkali treatment. The
impact strength of specimens is improved initially and then decreased with the increase of abaca fiber loading. At 3
wt. % of abaca fibre shows maximum impact strength because of better interfacial bonding between matrix and
fibre due to chemical treatment 211, Batara et al. 22 studied the influence of chemical treatment of alkaline and
permanganate treatment on abaca’s mechanical properties. The mechanical properties illustrate the combination
and individual of both the chemical treatment. It is treated with 10% of NaOH with different concentrations of
permanganate treatment, it is also exposed individually for permanganate for a respective time. The result
indicates that the tensile strength exposed to 0.125% potassium permanganate for 3 min showed maximum tensile
strength. This is due to treated fibers having fewer hemicellulose and lignin as compared to the untreated, as
treatment is known to eliminate the lignin and hemicellulose component. Those treated directly with

KMnO, exhibited the cleanest surface which enhances the mechanical property 52,

3.3. Pineapple Fibre Composite

The influence of different chemical treatments (alkali, silane A-172) on fibre length and loading on mechanical
properties of different chemical-treated pineapple-reinforced polyester composites was reported by Devi et al. 23],
The chopped ones with different lengths 5-40 mm were studied, and results indicate that after the length is
increased from 5 mm to 30 mm, it shows a decreasing trend. At 30 mm long fibre, the tensile, flexural, and impact
strength is the maximum due to entanglements that occur above an optimum size. Similarly, as fibre loading
increases, the tensile and flexural strength is increased at 30 wt. %. This showed that 30 mm and 30 wt. % is the
optimum value of pineapple polyester composite in this investigation, as shown in Figure 10 53l At different nature
of treatment silane, A-172-treated showed superior mechanical properties as compared to alkali, and other silane-

graded-treated composites.
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Figure 10. Tensile properties of chopped pineapple leaf fiber (PALF) with different fibre lengths (5—-40 mm) at 30
wt. % of PALF reinforced with polyester composite. Adapted with the permission from Reference 58, Copyright
1998 John Wiley and Sons.

Mishra et al. 24 reported mechanical properties of different surface modifications on pineapple leaf fibre (PALF)
polyester composite. Detergent washed (ethanol and benzene) alkali-treated (5%, NaOH), grafted acrylonitrile
(AN), and cyanoethylated PALF polyester composites were fabricated and compared. The tensile strength of the
alkali-treated pineapple polyester composite showed a maximum value of 44.77 MPa because alkali treatment
removes the impurities from the surface of the material and enhances the fibre-matrix adhesion as compared to
other surface modifications. Additionally, the grafted AN modification at 10 wt. % concentration the flexural strength
is maximum due to wettability and better fiber-matrix adhesion. However, a further increase in grafting tends to
decrease in flexural strength by 20% drastically due to significant breakage and delamination 24, Water absorption
and mechanical properties of the pineapple-reinforced polyester composite are reported by Devi et al. B3, PALF
polyester composite showed a 123% increment in the water absorption capacity as loading increased from 30 wt.
% to 40%, due to the presence of hydroxyl groups which enhance the absorption of water in composite by
developing hydrogen bond. Tensile strength of the composite increases with an increase in fibre loading. At 40 wt.
% of loading, maximum tensile strength of 63.3 MPa is shown because of the better interface between fibre and

matrix 22,

Mechanical and morphology study of PALF reinforced in unsaturated isophthalic polyester composite was reported

by Senthil Kumar et al. B8, Figure 11, showed that the tensile and compressive strength is increased as the fibre
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loading increases from 25% to 45 wt. %. The improved strength of composites with high fibre loading is due to the
improved interfacial adhesion. At the same time, flexural strength is maximum at 35 wt. % of loading. The
decrement of flexural strength at 45 wt. % loading, due to undistributed applied stress transfer between the fibre
and matrix at higher interaction within the matrix and poor dispersion. In Figure 12a—c 28 the morphology study of
the composite in the flexural fracture test is presented. The properties showed a strength of 25 wt. % composite is
low, adhesion between fibre and the matrix is improved. On the other hand, it was bending and the poor dispersion
of shorts fibre which did not allow the appropriate load transfer. Further, 45 wt. % loading shows the more
significant contact between the fibres due to the reduction of the matrix, which can resist the shearing movement
across the fibres, and it manages part of the decrement in flexural strength B8, Impact strength of 3 mm chopped
PALF polyester composite with chemical treatment, i.e., sodium hydroxide (NaOH) and potassium hydroxide (KOH)
with loading 25%, 35%, and 45 wt. % was observed by Senthil Kumar 2. The impact strength at 25 wt. % loading
composites with NaOH-treated has maximum impact strength (70 J/m) due to better interfacial bonding between

the fibre and matrix and removal of soluble oily contents from the fibre as compared to untreated and KOH-treated
157,
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Figure 11. Tensile, Compressive, and Flexural strength of pineapple-reinforced polyester composite at different
fiber loading (25, 35, and 45 wt. %). Adapted with permission from Reference 58, Copyright 2019, with permission

from Elsevier.
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Figure 12. (a—c) SEM images of the flexural fractured specimen at different fiber loading, (a) 25 wt. %, (b) 35 wt.
%, and (c) 45 wt. % of pineapple-reinforced polyester composites. Reprinted with the permission from Reference
(581 Copyright 2019 Elsevier.

Krishnasamy et al. B8 studied the calcium hydro-oxide (Ca(OH),)-treated PALF/polyester composite. The chopped
3 mm PALF is treated with 7% of calcium hydro-oxide at different loading, i.e., 25%, 35%, and 45 wt. %. From this
investigation, the damping properties are improved due to effectiveness in the load distribution from fibre to the
matrix. While maximum impact strength (59.27 J/m) was obtained for 35 wt. %-loaded composite with treated fibres
for strong interface bonding. The result showed that PALF is suitable for applications requiring vibration damping
and impact resistance B8, Devi et al. 22 studied PALF reinforced in polyester composite’s mechanical properties
with different loading at 30 mm length with 600 aspect ratio (length to diameter). The loading of PALF, i.e., 0, 15,
30, 40, and 50 wt. %, the tensile and flexural strength increases linearly from 0-40 wt. %. Moreover, 40 wt. % of
PALF showed maximum tensile and flexural strength due to better adhesion of fibre/matrix. After 40 wt. %, a
decreasing effect was shown due to poor dispersion, while impact strength showed an increasing effect as the
content was increased. The impact properties of composites increase with the fibre microfibrillar angle when it
reaches a maximum value at 15°-20°. In this investigation, the microfibrillar angle is 16°, so the PALF-polyester

composite showed superior impact strength, as shown in Eigure 13 591,
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Figure 13. Mechanical properties at different fiber loading (0-50 wt. %) of pineapple leaf fiber-reinforced polyester

composite. Adapted with the permission from Reference 52, Copyright 2011 John Wiley and Sons.

The performance of surface treatment on a single PALFepoxy composite was studied by Payae et al. 8. The
PALF is treated with 5% of NaOH for surface modification. Epoxy resin in toluene (1 wt. %) was coated in PALF.
The untreated showed the least interfacial shear strength (26.68 MPa) due to poor interlocking, while the alkaline
treated showed higher strength (52.39 MPa) compared to the untreated due to increment in surface roughness and
area, and thus build up the interaction between pineapple fibre and epoxy. On the other hand, epoxy-coated
composite showed a relatively higher interfacial shear strength of fibre about 66.46 MPa; this is due to better load
sharing and high-stress reinforcement in the single PALF reinforced-epoxy composite. Similarly, tensile strength
showed a similar pattern as interfacial shear stress due to improved stress transfer efficiency at the interface of the

matrix in the alkali-treated composite as compared to epoxy-coated composite, as shown in Table 1.

Table 1. Tensile strength of untreated, alkali (NaOH)-treated, and single pineapple leaf fibres (PALF) epoxy
composite 69,

PALE Young’s Modulus Tensile Strength Strain to Failure
(MPa) (MPa) (%)
Untreated 12.58 532.74 4.83
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PALE [61] Young’s Modulus Tensile Strength Strain to Failure ication of
(MPa) (MPa) (%)

sphenol A
Alkali treated 15.72 635.44 4.38

o DGEBA

Epoxy-coated PALF 14.33 534.88 3.86 yer-matrix

adhesion and more efficient stress transfer. Impact strength of 5% NaOH with 1% DGEBA-treated had superior
strength, which means the better combined synergetic effect of NaOH/DGEBA with combined adhesion and fibre
toughness. On the other hand, interfacial shear strength of NaOH/DGEBA surface modification showed maximum
strength, which suggests that the grafting site of a hydroxyl group (-OH) of lignocellulosic is more efficient as
compared to other treatments. Longitudinal tensile strength of natural rubber (NR) composites were at a different
percentage of NaOH-treated PALF. The PALF treated with different concentrations of alkali, i.e., 0, 1, 2, 3, 5, and
7%, showed maximum tensile strength as 10.02 MPa treated with 5% NaOH. This indicates that at 5%-treated,
PALF showed the effective surface area available for bonding with the matrix and chemical constituents like lignin
and hemicellulose from a multicellular as compared to untreated and other percentages of treatment 62,
Mechanical properties of the jute—pineapple—glass in different resin, i.e., epoxy and polyester composite, are
studied by Reddy et al. 831, Volume fraction of hybrid is varied from 0.18, 0.24, 0.30, 0.36 and 0.42% respectively.
Epoxy resin composite showed higher strength as compared to polyester resin due to better stress transfer in
epoxy matrix resin. At 0.42% of volume fraction of both polyester and epoxy composite, maximum tensile, flexural,
and impact strength is shown, but epoxy-fabricated composite showed higher strength as compared to polyester
composite. Other thermoset resins like phenol-formaldehyde (PF) and vinyl ester also play a key role in the
performance of the natural composite’s mechanical properties. Mangal et al. (84 reported the thermal conductivity
of pineapple leaf fibre/phenol formaldehyde composite with different weight fractions of PALF, i.e., 15, 20, 30, 40,
and 50%. PALF/PF composites thermal conductivity showed a decreasing trend with increasing PALF fibre content
varying from 15 to 50 wt. %. Phenol formaldehyde composite could not improve thermal conductivity because PF is
not provided a conductive path to the heat energy to the PALF/PF composite material 84, Pre-treatment of
PALF/vinyl ester composite on tensile properties of the composite is studied by Mohamed et al. 3. Sodium
hypochlorite (NaOCI) solution is used to improve PALF composite to enhance the mechanical properties. Tensile
strength and modulus with bleaching effect of NaOCI help to improve about 123% and 35% respectively. This study
also suggests that an increase in bleaching reduces the strength due to excessive removal of a cellulosic
component. However, fine PALF strands are higher as compared to untreated PALF bundles in terms of tensile
strength by 155.3% and modulus by 134.3%, due to better adhesion 62, PALF fabricated with vinyl ester resin with
different loading was investigated by Mohamad et al. 8. |n this investigation, liquid compression moulding (LCM)
is used to enhance PALF-reinforced vinyl ester composite properties, mostly water absorption. Cost-efficient
pretreatment using a dilute aqueous sodium hypochlorite solution (NaOCI) is used to treat PALF, resulting in
enhanced mechanical properties and reduced water absorption. So, using PALF bleached with a higher
concentration aqueous NaOCI solution did not improved composite thermal stability because it does not provide a
conducive way for heat energy to reach the PALF/PF composite material. This study indicates that aqueous NaOCI
may be beneficial in producing vinyl ester composites with improved thermal stability €€, In conclusion, pineapple

leaf surface modification with the different matrix can be cost-effective and add value to composite materials.
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