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Characterization of the natural
fibers extracted from the aninga’s
stem and development of a
unidirectional polymeric sheet
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A unidirectional sheet was made with oriented fibers in an epoxy matrix. Natural fibers were extracted
from the stem of Montrichardia linifera (Arruda) Schott., traditionally known as aninga, characterized
and used to produce a unidirectional polymeric sheet. FTIR, XRD, SEM, TG, and DTG analyses

were performed to characterize these cellulose fibers. Peaks observed at 1024 cm™?, 1600 cm™?,

and 3328 cm~!revealed the stretching vibration of the O-H bond, the stretching of the carbonyl

in hemicellulose, and the vibration of aromatic rings, respectively. XRD analysis demonstrated a
crystallinity index of 62.21%. Morphological analysis revealed the microstructural quality of the

fiber surface, with grooves for mechanical anchoring, as well as its interior, which is composed of
microfibrils. EDS analysis confirmed the presence of the main elements composing natural fibers,
with carbon being the major component (70%). The thermal stability of aninga fibers was up to 450 °C
for the degradation of 50% of their initial mass. The mechanical properties of untreated aninga fibers
showed a tensile strength of 332 MPa and an elastic modulus of 13.000 MPa. The unidirectional sheet
had a tensile strength of 4.5 MPa and an elasticity modulus of 332.9 MPa. These outcomes ensured
that aninga fiber is considered high-performance (>200 MPa) and can be used for internal automobile
components.

The study of natural fibers inside composite materials is an important matter to the industry because they have
favorable mechanical properties and an ecologically sound nature'. This interest is emergent among researchers
in polymeric composites related to renewable resources. Finishing up cellulosic materials, such as fibers and
particles, is lightweight, ecological, renewable, abundantly available, and biodegradablez. The composites
reinforced with natural fiber are excellent in strength-to-weight ratio, accessible cost, and environmental
impact. Therefore, natural fibers offer significant advantages for commercial and engineering applications®. It
is advisable to use natural fibers due to their eco-friendly nature*. For instance, tensile and flexural properties
were excellent in a coconut fiber material with shell powder and vinyl ester, manufactured using the hand lay-up
method®. A biocomposite based on polypropylene and waste from the plant species Astrocaryum murumuru
was produced, and the results of the mechanical tests were competitive with other products made from different
plant raw materials®. For those reasons, a sustainable and integrated design (structural and thermal) represents
a significant field of research today regarding materials with components of natural origin’.

The plant species under study is the Montrichardia linifera, an aquatic macrophyte from the Aracae family,
commonly known as “aninga’, vastly distributed throughout the Amazonian floodplain and equally found in
different flooded ecosystems, such as igapés, igarapés, riversides, and water channels®. The use of this plant fiber
is promising as it comes from a widespread and abundant plant species in the Amazon region, which ensures a
renewable supply for its use as a raw material. Its prevalence is further favored by the heliophilic characteristics of
the species, which exhibits a distinct affinity and preference for thriving under substantial exposure to sunlight,
a defining feature of the Amazon region. This species is distributed in tropical regions; however, there is no
record of occurrence in the Brazilian Pantanal. The “aninga” has a large ecological range, meaning it can be
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found from emergent to terrestrial areas in water-saturated soil. In most cases, aninga forms extensive forests,
popularly known as “aningais”, which are formed through the sprouting of underground submerged stems,
resulting in clonal populations of the plant’, each reaching approximately 3 to 6 m in height, with variable stem
thickness. The size of the leaf structure averages around 40 cm in width. This species is herbaceous, reaching a
height of 4-6 m. It has an aerial stem with evident nodes, internodes, and a widened base. The infructescence
of Montrichardia linifera is of green to yellowish-green color as a whole; it has no aroma, and it is similar to
pineapple externally. The fruits (fruitlets) are characterized by a conical shape with a pale-yellow color on the
inside, releasing a persistent and unpleasant astringent aroma®. In the Amazon region, the aninga develops with
a maximum production of alpha-cellulose, which can be higher than the amounts found in the plant as observed
in other regions of Brazil. The plant is part of the food chain of some animal species, such as fish and turtles®,
and aquatic mammals like the manatee’. However, studies have shown that the leaves and the infructescence,
which are the most consumed parts of the plant, have shallow protein values for the animals that feed on them.
Another obstacle is related to the consumption of this plant in nature, as it contains levels of manganese in
its composition that are considered toxic, even for large animals like bulls and buffalos®. Tests conducted on
this plant species have demonstrated the quality of the fibrous material present in the stem region, allowing
the use and application of the fiber in various areas of knowledge. The proven technological potential of the
species is attributed to the considerable presence of fibrous material in the plant, especially in the interior of the
stem, as well as its high mechanical resistance of 8.206,20 gf/mm?!°. The Montrichardia linifera fiber is extracted
from the stem and it is classified as bast fiber. Therefore, they are among the longest fibers studied, with fibrous
bundles extracted up to 2.50 m long. In addition to their considerable length, they exhibit high tensile strength,
approximately two times the strength of coconut fiber [Number]. The aninga fibers have a light coloration, which
implies their chemical composition, is mostly cellulose-based. It is important to emphasize that in the case of
fibers derived from natural resources, a higher amount of cellulose and low lignin content result in greater
tensile strength”. However, little is known about this fibrous material and its potential uses, and therefore, it is
necessary to continue such studies. The fibers of the species are long and light in color, present within the stem
of the plant. Their arrangement inside extends from the endodermis of the stem bark to the core, amid other
tissues that make up the internal structure. Due to it being a fibrous plant, the extraction of its assets results in a
considerable quantity of fibers at the end of the process.

The technological use of long fibers such as those from Montrichardia linifera has already been reported in
the literature, similar to the fibers from banana stems, where microstructural and elemental analyses confirmed
that laminates with fibers from the species strengthened a composite material due to the continuity of the fiber,
resulting in less damage to the structures of the fibers'?. The aim of this research was the characterization of
aninga fiber and its application in a composite. The results presented in this article are part of a patent application
in progress in Brazil, related to the described invention.

Materials and methods

The collection of the species Montrichardia linifera does not require specific authorization according to current
Brazilian legislation, as this species is not listed as endangered and was not collected in a Protected Area.
According to Article 8 of Law N 11,428/2006, which regulates the use and protection of native vegetation,
the collection of non-endangered species outside protected areas is exempt from specific authorization.
Furthermore, this research has been duly registered in the National System for the Management of Genetic
Heritage and Associated Traditional Knowledge (SISGEN), under registration number A91B68B, affiliated with
the Museu Paraense Emilio Goeldi. The areas for collecting the plant samples were the Research Campus of
MPEG and the Mangal das Gargas Ecological Park. The plant material and stem samples were collected along
the banks of the river in the Guajard Bay region, near the Mangal das Gargas Ecological Park, Belém, Para,
Brazil (1°27°52.0"S 48°30°23.1"W). The park spans an area of approximately 40,000 m? and features floodplain
forests with over three hundred species of native trees. The samples were taken to the laboratory and cleaned
with running water to remove impurities. Batista R.J.R identified the plant and the herbarium specimen was
deposited at the Jodo Murga Pires Herbarium, at the Emilio Goeldi Museum in Para, under the registration
number MG 216,695. The fibers were extracted using the dew retting method, in which biological material
decomposes at room temperature of 26 °C. After that, the fibers were extracted through mechanical manual
extraction after 14 days'®. Aspects related to the attack of organisms on the fiber structure were also considered,
given that biological attacks can lead to the degradation of the fiber structure over time (Fig. 1).

SEM images were acquired using a Tescan Mira3 microscope equipped with a FEG-type electron gun, and
the images were captured via secondary electron detection at 5 kV with working distances of 10-15 mm, FTIR
was made with the equipment Cary 360 (Agilent, Santa Clara, CA, USA) with a zinc selenide (ZnSe) crystal and
an ART module., XDR machine was (Cu Ka 35 kV and 30 mA), model Malvern Panalytical, 20 scans ranging
from 10° to 40° at a scan rate of 0.01°/min, with approximately 5 g of fiber powder used for each analysis. The data
obtained was processed using PeakFit V4.12 and OriginPro8 software to create graphs, with X’Pert HighScore
Plus to determine crystallographic diffraction planes and patterns. The epoxy resin was Epoxy system DGEBA
composed of REX 135 resin and Hex 135 SLOW hardener, mixed in a mass ratio of 100 parts resin to 33 parts
hardener, then the sheet was formed using the wet filament winding process'4, the filament winding equipment
is a custom-made device created in the Eco Composites Laboratory, where the fibers were oriented at a 90° angle.
The fibers and the laminates were tested for tensile strength!®. The fibers and the sheet tensile strength test were
made at a Universal Machine EMIC, where 10 specimens from the sheet were pulled at a test speed of 50 mm/s,
with an initial distance between claws of 70 mm.
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Fig. 1. Aninga fiber extraction: (a) Aninga plant; (b) Stem on maceration process; (c) Fiber manual extraction;
(d) Unidirectional sheet.

Results and discussion

Fourier transform infrared spectroscopy (FTIR) analysis

The aninga plant fiber exhibited transmittance bands at 3328 cm™!, 1600 cm~!, and 1021 cm™! as the main
functional groups in its composition. The FTIR spectrum of Montrichardia linifera fibers with the exact band
locations, followed by the assignments of functional groups in the natural fiber was shown in the responses of
the bands between 580 e 4080 cm™! were used to identify cellulose, hemicellulose, and lignin components in
the fiber (Fig. 2).

The plant fiber of the Cyperus platystylis species had its main incidence at 3402 cm~! corresponding to
the stretching of the O—H cellulose bond'!. The strong and broadband at 3332 cm™! in fibers of the Furcraea
foetida species was associated with the stretching vibration of the hydrogen bond O—H (alcoholic group) of the
hydroxyl group in the molecules of a-cellulose.

The peaks at 3328 cm™';3334 cm™!, 3341 cm™!, and 3363 cm™! correspond to the stretching vibration of the
O—H bond!¢~!® and the presence of a-cellulose'*2.

The point at 1632 cm~! indicates the stretching of the C=C bond, representing the lignin constituents in the
Grewia Flavescens fiber'®?, The peak at 1606 cm™! is attributed to the stretching of acetyl groups in lignin®.
The intensity of the peak observed at 1649 cm™! corresponds to the vibrational bending of the OH—OH groups,
which confirms the presence of a-cellulose in the samples. The authors emphasized that with the peaks found at
1629 cm™! and 1050 cm™!, cellulose, hemicellulose, and lignin were present in the Manau rattan fiber®!.

The point at 1036 cm~! corresponds to the deformation plane of the aromatic ring of lignin?2. The
characteristic peaks at around 1026.13 cm™! correspond to C-O and O-H stretching vibration, including
cellulose polysaccharides!”. The point at 1044 cm™! represents the stretching of the C-O bond of the acetyl
group in lignin'®. The ramie fiber showed peaks at 1032 cm ™! (stretching of the C—O—C bond)'8. Bands between
1155 and 1020 cm™! are typically associated with the stretching vibration of C—O and O—H, belonging to the
polysaccharide in cellulose. Thus, the glycosidic bonds indicate cellulose because these bonds link the anomeric
carbon atoms of the saccharides to form polysaccharides/polycarbohydrates?.

Based on the analyses above, the FTIR results on the aninga fibers confirmed the presence of functional
groups found in the main components of natural fibers, such as cellulose, hemicellulose, and lignin.

X-ray diffraction (XRD) analysis of the aninga fiber
It was observed peaks of intensity between 15° e 25° (20) on the x-ray diffraction (XRD) spectrum of the powder
from the aninga fiber, the main peak was at 24.7° which corresponds to the diffraction of the crystalline cellulose
cell wall, and the remainder corresponds to the amorphous structure, which characterizes vegetable-derived
structures. Observing the X-ray diffraction (XRD) spectrum on the fibers of the species Montrichardia linifera
is possible (Fig. 3).

The first peak at 15° in the (1 1 0) plane demonstrates the presence of the amorphous material in the fiber?,
a structural component of the fiber bundles. The second peak at 25° indicates the presence of the crystalline
cellulose structure in microfibrils on the fiber surface?*. It is possible to notice that the intensities of the peaks are
well-defined, clearly indicating the existence of crystallinity. Cellulose exhibits a crystalline structure given the
hydrogen bonds that this material is capable of forming within its structure, as well as due to the Van der Waals
forces existing between the molecules.

The peak near 16.00° corresponds to the amorphous material such as cellulose, hemicellulose, and lignin

The points near 22,00° may be related to the crystalline material, which can be attributed to cellulose type IV in
lignocellulosic fibers?!. The samples exhibited peaks related to characteristic crystalline planes of lignocellulosic
materials at 22°, corresponding to the reflection coordinate plane (0 0 2), with peaks at (16°) (1 1 0), (16.5°), (22°)
(200), and (22.5°), representing cellulose-126-3,

20,25
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Fig. 2. FTIR analysis of aninga cellulosic fiber.

These peaks are similar to those reported in the literature for other plant fibers, which mainly exhibit a
cellulosic structure, where the spectrum shows a strong, broad diffraction peak around 22°, consistent with the
diffraction patterns (0 0 2) of carbon?!.

The chemical composition varies among all natural fibers. For instance, cellulose is more abundant in sisal,
hemicellulose is more present in bamboo, and lignin is in piassava fibers. This demonstrates the compositional
similarity of aninga fiber to sisal fibers due to the high peak in the crystalline region of cellulose.

In the results of the investigation of the crystallinity index (Xc), the aninga fiber exhibited a crystallinity index
of 62.21%, such index shows highly crystalline cellulose similar to fibers from the species Corypha taliera'’,
which indicates a high cellulose content in the fibers, with the high-intensity crystalline peak at 24,7° (20).
The fibers of Montrichardia linifera are mainly composed of cellulose, whose crystalline nature provides a rigid
structure. This index was higher than those found in other species, such as E. indica (45%), C. selloana (22%),
P, orientale (33.5%), S. ehrenbergii (52.27%), and similar to that found in the Typha angustata grass species of
65.16%2%32737.

SEM-EDS of the aninga fiber
The study of the morphology of natural fibers is critical, as it confirms the usability of fibers as suitable
reinforcement in composites manufacturing. Observation of the raw fiber’s surface reveals the typical cellulose
structure, organized into aggregated microfibrils with submicrometric diameter, forming fibrous structures with
cylindrical cross-sections, called bundles?®. On the surface of Montrichardia linifera, it was possible to observe
the presence of pores, which according to the literature increases the roughness of the fiber surface®. This is a
desirable phenomenon for the fiber to achieve greater bonding with the polymer. Similar to Juncus effusus fibers,
where it was reported that the fiber surface contained rough cavities with small voids®.

The vascular tissue of Montrichardia linifera is mainly formed by tracheids, which are vascular structures
of plants, as well as the abundant presence of fibers. The longitudinal microstructural view of the stem fiber of
Montrichardia linifera exhibits a structured arrangement with a rough surface, similar to what was observed in
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Fig. 3. X-ray diffraction (XRD) analysis of the aninga fiber.

the fiber of Grewia damine®, emphasizing that the fiber is suitable for the fabrication of new composites with

good mechanical characteristics (Fig. 4).

The longitudinal microstructural view of the stem fiber of Montrichardia linifera exhibits a structured
arrangement with a rough surface, similar to what was observed in the fiber of Grewia damine, where it was
emphasized that the fiber is suitable for manufacturing new composites with good mechanical properties*.

The fibers of Montrichardia linifera are composed of microfibrils that are united in a single bundle forming
the structure of the fibers, which are similar to the fibers of Grewia Flavescens, where it was observed that the
fibril is linked to the fiber by pectin, as well as by non-cellulosic compounds?’. The Manau rattan fibers consist
of aligned elementary fibers united by non-cellulosic components. Additionally, the morphology of the Manau
rattan surface is rough, which favors the bonding of the fiber and the polymeric matrix in composites*!.

Scanning Electron Microscopy (SEM) images of the fibers have shown that the material does not contain
silicates in its composition; instead, it is rich in cellulose. The vascular tissue of Montrichardia linifera is primarily
formed by tracheids and fibers.

It was also possible to notice that the surface of the fiber bundles has grooves in a honeycomb-like structure,
which is favorable for mechanical anchoring in association with polymeric resins. This is similar to the fiber
of Cyperus compactus, which has matrices of regularly arranged cells in a square shape across the entire fiber
surface®.

The surface roughness contributes to an increased contact area to ensure better adhesion of the fiber to the
matrix in both composite manufacturing and application*?, as a smoother fiber surface hinders the interaction
between them, reducing the bond between the fiber and the matrix**. The honeycomb-like surface morphology
also enhances bonding strength when used as reinforcement in the manufacturing of composites*.

The SEM images of the sheet reveal strong adhesion between the fibers and the epoxy matrix, as evidenced
by the fact that the materials at the cracking point fractured together. These images illustrate different types of
interactions between the materials: there are instances of simultaneous cracking, as well as areas where the pull-
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Fig. 4. Aninga’s single fiber (a) longitudinal view and (b) cross-sectional view of the fiber (c) cross-sectional
view of a test specimen subjected to tension (d) The pull-out effect of a single fiber inside the matrix.

out effect was observed in individual fibers within the matrix. However, the majority of the material fractured
without evidence of pull-out.

Figure 5 presents the microscopic image of the analyzed point on the surface of the fiber of Montrichardia
linifera.

The fibers of Montrichardia linifera exhibited carbon (71.26%) and oxygen (14.92%) as the major elemental
components. Cellulosic fibers typically contain carbon and oxygen as dominant elements*.

The higher amounts of carbon and oxygen elements ensured that the surface of the fiber of Furcraea foetida
contained a lower quantity of lignin content*, resulting in fewer amorphous constituents on the surface, which
could potentially enhance bonding properties with polymeric materials. Similar proportions of compounds were
found on the surface of Montrichardia linifera fibers.

Chemical elements such as carbon, calcium, and oxygen are some of the predominant components present on
the surface of untreated fibers. Among these chemical elements, carbon was found to be a primary component.
These elements were also found in the fibers of Agave Lechuguilla®’.

Results from EDS analysis confirm the presence of a high carbon content in natural fibers of pineapple,
kenaf, and hemp, except for flax. The authors further emphasized that the chemical compounds revealed by EDS
show the dominance of cellulose content over other substrates in kenaf fibers, which exhibited a composition of
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Fig. 6. TGA and DTG of the fiber.

54.36% carbon?®. The elemental composition in the bark of the Holoptelea integrifolia tree was C 85.59% and O
14.419%*%°,

Thermal stability of the aninga fibers

The thermogravimetric analysis (TGA and DTG) curves of Montrichardia linifera fibers show the variation in
the mass loss for the sample of the species as a function of temperature elevation. Mass losses related to the
degradation process of the aninga fiber can be observed, especially the pyrolysis of its main constituents such as
hemicellulose, cellulose, and lignin (Fig. 6).

The initial mass loss in the aninga sample was observed in the range of 20 °C to 170 °C, with a mass loss
of 9.59% in this first peak. This variation in this temperature range can be attributed to moisture loss in the
sample. Mass losses of approximately 6% below 200 °C have been found in samples of pineapple, kenaf, flax,
and hemp fibers*®. The mass loss in the range from 35 °C to 91.9 °C is attributed to the evaporation of moisture
from the new species of plant fiber®®. A mass loss result reported at a temperature of 89 °C was associated with
the removal of moisture and wax*%. Cellulose biomass typically experiences mass loss around 100 °C due to the
loss of moisture present in it**°. The mass loss in this temperature range for jackfruit fibers was reported as 6%.
According to the authors, the initial weight loss occurs due to the evaporation of moisture on the fiber surface at
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around 100 °C. This degradation pattern indicates that the fiber is rich in cellulose content and high crystalline
structures*?. Degradation at temperatures below 150 °C is primarily attributed to moisture loss in the fibers’!.

The main peak of thermal degradation temperature between 200 °C to 400 °C is the temperature at which the
mass loss rate due to thermal decomposition reaches its maximum value®2. In the case of Montrichardia linifera
fibers, this loss rate was 50.46%. The major mass loss event occurring between 300 and 400 °C is associated
with the degradation of the primary compounds (cellulose, hemicellulose, and lignin) of the cellulose***°. The
temperature range of 200 to 435 °C, where the highest degradation (> 60%) occurred in the plant fibers of Grewia
Optiva, is the primary temperature range for processing some of the thermoplastics®. In the second range of
thermal degradation, there is a decrease in chemical constituents in the fiber sample**>*. The peak maximum
degradation occurs at 358 °C, primarily due to the degradation nature of a-cellulose (50% mass variation, 228-
358 °C)*, given that cellulose-rich and highly crystalline structures increase degradation temperatures®,*.
The study that evaluated the thermal stability of acai fibers described the degradation processes of cellulose,
hemicellulose, lignin, and pectin, among other constituent materials of plants in general.

The next stage (after 358 °C) is mainly involved in the decomposition of cellulose and lignin. Similar
degradation behaviors have been reported in various cellulose-based natural fibers**>*>’. The major mass loss
event for cellulose cryogel occurred between 300 and 400 °C, corresponding to the degradation of the main
compounds, such as cellulose, hemicellulose, and lignin**.

The Montrichardia linifera species endured temperatures in the range of 400 °C, retaining 50% of its mass.
Furthermore, its mass is composed of 23.07% mineral components that do not undergo combustion at a
temperature of 800 °C, demonstrating a high ash (mineral) content and a low amount of organic matter.

Mechanical properties of the aninga fiber

The tensile test with the single fiber of Montrichardia linifera obtained the main characteristics of this fiber
that are relevant for mechanical analyses. The aninga fiber presented a failure stress value of 308,3 MPa and an
elastic modulus of 13.873,25 MPa. The tensile strength value falls within the mechanical tensile strength range
of the main natural fibers used in composites (Table 1), and the fiber’s elastic modulus value was highly elevated,
indicating that the elastic deformation of this fiber under tension is small until the fiber bundle breaks.

The fibers of curaua, sisal, and jute are considered high-performance fibers, as they exhibit tensile strengths
above 249 MPa%, a value also achieved by the aninga fiber at 308.3 MPa. This value surpasses the tensile strength
of jute fiber at 249 MPa and piassava fiber at 131 MPa, with cellulose being the main component contributing
to tensile strength. Also, the tensile strength of the aninga fiber places it as a fiber with strength similar to
polypropylene, with a tensile strength of 386 MPa®, and other synthetic fiber with strength in this range is
polyester, as well as polyamide and polyethylene terephthalate (PET) fibers with 230 MPa .

Mechanical properties of the unidirectional sheet
The tested material consisted of an epoxy resin film with Montrichardia linifera fibers embedded in this polymeric
matrix, and the following results (Fig. 7) provide the tensile strength of the sample and the modulus of elasticity.

The samples exhibited average values of 104.6 N for maximum breaking force, 4.981 MPa for breaking stress,
and 332.9 MPa for modulus of elasticity.

In a study testing epoxy composite with wheat fiber, as the fiber loading increased, the strength value decreased
from 6.13 MPa to 2.99 MPa, with the maximum tensile strength value found to be 7.27 MPa%. Composites
reinforced with hemp and flax fibers manufactured based on biopolymer and epoxy resin showed final tensile
strengths of 5.89 MPa, demonstrating excellent mechanical properties such as tensile and flexural strength®. The
composite material with banana and coconut fiber supported tensions of up to 9.43 MPa, indicating its potential
use in locations where tensile loads are applied*®.

Table 2 expresses the modulus of elasticity of the aninga composite in comparison to other thermoset
composites with natural fibers.

The modulus of elasticity found falls within the range most commonly seen in composites already used with
natural fibers (> 100 MPa), which indicates that the material’s elastic deformation does not cause significant
changes in structure until it collapses under stress when exceeding the maximum supported stress. However,
the tensile strength property of the material can be improved with enhancements in the finishing of the test
specimens, the addition of a greater number of fiber plies, different orientations, and better conformation with
the polymeric resin, which will likely increase the value of this characteristic, given that the fiber exhibited
rupture tension in the range of strength of the main natural fibers already used in composites.

The growing use of plant-based natural fibers in composite materials highlights a significant shift towards
sustainability, driven by their biodegradability, eco-friendliness, and renewable nature®. These fibers are
increasingly replacing synthetic alternatives, particularly in industries like automotive and aerospace, due to

Fiber type Tensile strength (MPa) | Elastic modulus (MPa) | Elongation (%) | Fiber diameter (um) | Density (g/cm?)
Aninga 308 13.000 3.9 7.50-13.25 0.19

Bambu**® 290 1.800-6.150 - 240.00-330.00 1.15

Jute?>> 249-400 1000-3000 15-08 40.00-350.00

Coconut™% | 220 400-600 30.0 100.00-450.00 -

Curaug®h¢? 87-1150 800-1400 - 50.00-100.00 1.40

Table 1. Properties of aninga fibers and comparison with other natural fibers.
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Layer Elasticity modulus (MPa)
Neat epoxy®® 300.0-600.0

Aninga and epoxy 3329

Coconut, jute, coconut, and epoxy®? | 225.0

Table 2. Comparisons with other sheets.

their excellent physicochemical properties”’. Simultaneously, advancements in composite fabrication are crucial,
emphasizing the need for new materials and processes that enhance both sustainability and efficiency’!. This
includes innovative treatments for natural fibers and the integration of biodegradable matrices, paving the way
for the development of more durable and environmentally responsible composite materials. These findings
underscore the critical importance of continuing research and development in this field to fully realize the
potential of plant-based composites in various high-performance applications.

Conclusion

This research provides a comprehensive characterization of natural fibers extracted from the stem of Montrichardia
linifera (aninga) and demonstrates their application in developing a unidirectional polymeric sheet. The study
employed various analytical techniques to thoroughly investigate the properties and potential of these fibers.
Fourier Transform Infrared Spectroscopy (FTIR) confirmed the presence of functional groups related to cellulose,
hemicellulose, and lignin, which are essential components contributing to the fiber’s structural integrity and
mechanical properties. Peaks observed at 3328 cm™ !, 1600 cm™ !, and 1021 cm™ ! highlighted the stretching
vibration of the O—H bond, the carbonyl stretch in hemicellulose, and the aromatic ring vibration, respectively,
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indicating the fiber’s chemical composition. X-ray Diffraction (XRD) analysis revealed a crystallinity index of
62.21%, a significant indicator of the highly crystalline nature of the cellulose within the fibers. This crystallinity
is crucial for mechanical strength and rigidity, which are desirable traits in materials used for reinforcement
in composites. The main diffraction peak at 24.7° further emphasized the presence of crystalline cellulose,
while the secondary peaks indicated the presence of amorphous materials, such as hemicellulose and lignin,
which contribute to the fiber’s overall mechanical behavior. Scanning Electron Microscopy (SEM) provided
insights into the microstructural characteristics of the fibers. The fibers exhibited a rough surface with grooves,
which are advantageous for mechanical anchoring when combined with polymeric matrices. This surface
roughness, along with the honeycomb-like structure observed in the fiber bundles, enhances the bonding
between the fiber and the resin, leading to improved composite performance. Additionally, Energy Dispersive
Spectroscopy (EDS) analysis confirmed that carbon is the major component of the fibers, making up 70% of
their composition, which aligns with the high cellulose content. Thermogravimetric Analysis (TGA) showed
that the thermal stability of the fibers extends up to 450 °C, making them suitable for applications requiring high
thermal resistance. The mechanical properties of the untreated fibers were also notable, with a tensile strength
of 332 MPa and an elastic modulus of 13,000 MPa, classifying them as high-performance fibers suitable for
reinforcing materials. The unidirectional polymeric sheet fabricated with these fibers exhibited a tensile strength
of 4.5 MPa and an elasticity modulus of 332.9 MPa. Although these values are lower compared to the raw fibers,
they demonstrate the potential of Montrichardia linifera fibers in composite material applications, particularly in
the automotive industry for internal components. Furthermore, the use of Montrichardia linifera fibers, derived
from a widespread and renewable plant species in the Amazon region, supports the development of sustainable
materials. The plant’s abundant availability and favorable ecological characteristics make it an ideal candidate for
continuous supply in industrial applications. In conclusion, this study underscores the technological potential
of Montrichardia linifera fibers as a sustainable and high-performance material for composite applications.
The combination of favorable mechanical properties, thermal stability, and eco-friendly nature makes these
fibers a promising alternative to synthetic fibers in various engineering and commercial applications. Future
research could further explore the optimization of fiber-matrix bonding and the development of composites
with enhanced mechanical performance.

Future scope of this study
In future studies, other fiber orientation forms may be analyzed, incorporated into various polymeric materials,
and other parameters of mechanical characterization, such as impact resistance and flexural strength.

Data availability
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