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Abstract

The present work attempts to discover the alternative for the synthetic fibers due to increased demand of environment-
friendly materials. In order to accomplish this, a detailed characterization of novel fibers extracted from the Jatropha inte-
gerrima plant stems was conducted. In order to check the fiber reinforcement potentials, various properties such as chemi-
cal composition, tensile testing, water absorption, thermal stability, fiber roughness, and morphology were evaluated. The
characterization results revealed important properties of Jatropha integerrima fiber (JIF). The fiber composition analysis
indicated a cellulose content of 75.3 +2.4%, hemicellulose content of 7.84 +0.4%, and lignin content of 7.63 +£0.2%. This
composition provides insights into the fiber’s chemical makeup and its potential for various applications. The crystallinity
index (CI) of JIF was determined to be 57.14%, indicating a well-defined crystalline structure. This crystallinity is impor-
tant for understanding the fiber’s properties and its behavior in composite materials. The fiber also demonstrated excellent
thermal stability, as evidenced by its ability to endure temperatures up to 395 °C based on thermogravimetric experiments.
This high-temperature resistance makes JIF suitable for applications where heat resistance is crucial. The functional groups
present in the fiber were identified using Fourier transform infrared spectroscopy (FTIR), providing further information about
its chemical characteristics. The tensile strength of JIF was found to be 326.7 + 6.9 MPa, with a strain rate of 2.6 +0.2%,
highlighting its mechanical properties and potential as a reinforcement material. The scanning electron microscope (SEM)
analysis revealed significant surface roughness, which can have implications for fiber-matrix interactions and the bonding
in composite materials. Overall, these characterization results provide a comprehensive understanding of JIF's composition,
crystallinity, thermal stability, mechanical properties, and surface morphology. The practical applications of JIF extend to
a wide range of industries, including construction, automotive, aerospace, and packaging.
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1 Introduction

The rising demand for innovative materials among the indus-
tries increase the attention of researchers to work on novel
material with environment-friendly aspects [1-3]. Natural
fibers are one among these materials, which are naturally
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sourced and biodegradable [4, 5]. Natural fibers obtained
from plants can substitute synthetic fibers in terms of lower
cost, availability, and renewability [6]. Researchers all across
the globe are interested in adopting less expensive and more
ecologically friendly materials in order to eradicate pollu-
tion, and besides, it helps to give benefits to society [7].
Researchers are more curious to work on natural fibers due
to its unique properties, such as being lightweight and non-
toxic. Furthermore, it possesses various benefits such as
strong thermal stability, lower density, low cost, broad avail-
ability, good strength, recyclability, and biodegradability.
The extraction of plant fibers involves obtaining fibers
from different parts of plants through methods like retting or
mechanical separation. After extraction, the fibers undergo
preparation steps, including cleaning and drying, to remove
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impurities and improve their handling. The processed plant
fibers are then combined with a polymer matrix through
techniques like compression molding, injection molding, or
extrusion to create composite materials. The specific extrac-
tion, preparation, and processing methods can vary based
on the type of plant fiber and intended application, ensuring
that the fibers are properly prepared and integrated into the
composite for optimal performance [8, 9]. Natural fiber can
be derived from the stems and roots of plants such as Grevia
tiliifolia, Luffa cylindrica, Agave cantla and Cissus quad-
rangularis is feasible according to Manimekalai et al. [10].
Furthermore, significant fiber production requires the avail-
ability of fibrous plants also a key factor. Lignocellulosic
fibers offer environmental sustainability, lower carbon foot-
print, and biodegradability, making them useful in replacing
synthetic fibers. Additionally, they promote health and safety
and contribute to a circular economy by utilizing agricultural
and forestry by-products [11].

The potentials of natural fiber reinforced polymer com-
posites vary according to the resin, type of fiber, and fiber
matrix adhesion. As a result, it is vital to identify novel bio
fibers that allow for easy and cost-effective extraction tech-
niques without compromising fiber characteristics. Pineapple,
hemp, kenaf, banana, jute, kenaf, oil palm, snake grass, abaca,
flax, ramie, luffa, sisal, and hemp have already been shown to
replace synthetic fibers in a variety of uses [12]. Therefore,
in the area of materials research, the identification of new
bio fibers and the manufacture of composites using these fib-
ers are important, especially for eco-friendly products. The
fiber’s chemical, physical, tensile, and thermal qualities essen-
tially determine the performance of natural fiber composites.
Important aspects of natural fibers for composites include
their mechanical properties (strength, stiffness, toughness),
morphology (aspect ratio, diameter, alignment), and surface
characteristics (compatibility with polymer matrix). These
aspects impact the overall performance, behavior, and dura-
bility of the composite material [13—15].

Characterizing novel natural fibers is crucial to under-
stand their properties, such as mechanical strength, thermal
stability, moisture absorption, and dimensional stability. This
information is essential for determining the fiber’s suitabil-
ity for specific applications and assessing its compatibility
with different polymer matrices. Characterization also aids
in optimizing the fiber-matrix interface and identifying any
potential challenges or limitations, enabling researchers and
manufacturers to make informed decisions about the incor-
poration of these fibers into composite materials [16]. For
that reason, investigations into new fiber characterization are
important before utilizing fibers in composite preparation.
The potential of Jatropha integerrima plant stem fibers as
a viable alternative, considering their unique properties and
abundance as a byproduct of Jatropha cultivation. To charac-
terize the Jatropha integerrima fiber, we conducted physical
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and chemical analyses, FTIR, XRD, water absorption, TGA,
3D-profilometer, SEM, and a single fiber tensile test.

2 Materials
2.1 Jatropha integerrima plant

According to studies, the majority of plants in the fam-
ily Euphorbiaceae have high fiber content. Jatropha inte-
gerrima plant is native to Cuba. Jatropha integerrima is an
evergreen shrub or small tree with glossy leaves and clusters
of star-shaped red, pink, or vermilion flowers. The plant has
a rounded or narrow dome shape and can grow up to 15 feet
in height and 10 ft in area. Jatropha integerrima often grows
as a shrub with many slender stems but can be pruned into
a single stem. The leaves length is approximately up to 7 in.
They can be entire, elliptical, or oval in shape, fiddle-shaped,
or have three sharp-pointed flaps. The leaves were bronze
when young and brown at the base. The flowers are approxi-
mately 2.5 cm across and in clusters, with many flowers at
the ends of the branches, almost year-round.

2.2 Extraction of fiber

Jatropha integerrima was cultivated in Vellakalpatti village,
Salem district, Tamil Nadu, India, as shown in Fig. 1a and b.
The JI plant stems are shown in Fig. 1c. For fiber separation,
the JI plant stems were immersed in water for 15 days for the
retting process, as shown in Fig. 1d. Once the skin decom-
posed, the fibers were manually removed from the stem. It was
then sun-dried at ambient temperature to reduce the moisture
content [17]. The extracted JIFs were shown in Fig. le.

3 Experimental methods
3.1 Chemical analysis

This investigation aimed to assess chemical compositions
of the extracted fiber’s namely lignin, cellulose, hemicel-
lulose, ash, wax, and moisture contents. Lignin content was
determined using the Klason technique. The materials were
crushed and extracted with dichloromethane before hydroly-
sis in a 72% sulfuric acid solution. Lignin, the sole insolu-
ble component, was isolated from the fiber and quantified.
The cellulose content was determined using the Kurshner
and Hoffer technique. The samples were then crushed and
extracted using dichloromethane. The wax content was
obtained using the Conrad technique, and the ash content
was calculated according to ASTM E1755-01 [18]. For all
experiments, five sets of samples were selected to ensure the
accuracy of the results.
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Fig. 1 a Jatropha integerrima
plant. b Jatropha integerrima
stem. ¢ Microbial degrada-
tion technique. d Jatropha
integerrima fiber extraction
process. e Extracted Jatropha
integerrima fiber

3.2 Density measurement

Density is essential for fiber characterization because the
focused application is a lightweight material. The cross-
sectional size of the JIF was measured using a Carl Zeiss
Optical microscope. The diameter is not even in all posi-
tions; it also varies from fiber to fiber based on cross
section. Thus, 20 samples were randomly selected for
the experiment and the average value was recorded. The
measurement was performed at various positions of the
different fibers, and the mean diameter was taken for the
study. Then, the density was calculated using a pycnom-
eter with a toluene solution [19].

3.3 XRD analysis

The crystalline structure of JIF was determined using
XRD. It also Provides different phases of crystalline
substances present in the fiber. Powder samples were
used in the experiment. An X’ Pert Pro diffractometer
was used for this experiment. Equation 1 was used to
determine the crystalline index (CI) of the JI fiber.

_ H22.57 — H18.17

Cl=

H22.57 M
The crystallite size (CS) was calculated from the dif-

fraction pattern of the cellulose [200] lattice planes. Using

Scherrer’s formula, the crystallite size (CS) was estimated

using the following Eq. 2:

K\

5= pcoss @

0.89 is Scherrer’s constant.

Whole width of the peak at half maximum.
Wavelength of the radiation

Bragg angle

DS > WX

3.4 FTIR analysis

FTIR is a cost-effective, quick, and nondestructive method
for confirming natural fibers functional groups. The spectra
of the JIFs were obtained using a SHIMADZU MIRacle 10
spectrometer. The JIFs were ball-milled into a fine powder,
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combined with KBr, and compacted into plates for FTIR
analysis. The FTIR spectrum of the sample was obtained in
the wavelength region of 4000-500 cm™! using a range of
4 cm™! resolution.

3.5 TGA analysis

For high-temperature applications, the thermal stability of
natural fibers must be examined. A thermogravimetric ana-
lyzer was used to determine the thermal stability of the JIFs;
the experiment was carried out in an inert gas environment
(nitrogen) with a gas flow rate of 20 mL/min and a heating
rate of 10 °C/min from 30 to 1000 °C. The analyzer had a
heater, and the specimen was placed in an aluminum cruci-
ble with a top cover supported by a precise balance.

3.6 Tensile properties

To determine the single-fiber tensile strength, ASTM D3822
was used. It is a standard method for determining tensile
characteristics (tensile strength, Young’s modulus, and per-
centage elongation. An INSTRON 5500R Universal Testing
Machine was used to conduct a single fiber tensile test of the
JIF. The gauge length was maintained at 50 mm for all the
trials, and 25 samples were used for the experiment. Finally,
the mean value was used for analysis. The testing was car-
ried out at a fixed cross-head speed of 0.1 mm/min and a
room temperature of approximately 25 °C [20].

3.7 Moisture content measurement

The water saturation level during the immersion of JIFs was
computed in percentage using Eq. 3. Selected samples were
dried for 2 h in an oven at temperature range of 60-80 °C.
The samples (JIFs) were then immersed in water. Weight
gain was calculated periodically. The samples were rubbed
with a cloth before the weight was calculated. The weights
before and after immersion were substituted into the formula
to determine the absorption percentage [21].

Water absorption (%) = W x 100 3)

Wt Weight of the fiber after immersion.
Wo Weight of the fiber before immersion.

3.8 SEM analysis

From the SEM investigation of a single fiber, the fiber sur-
face roughness, cracks, and grooves were examined. The
surface morphology of the JIFs was studied using a scan-
ning electron microscope (SEM, TESCAN VEGA3, Czech
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Republic). The surface morphology was studied at differ-
ent magnifications, and the findings are presented. The
experiments were effective with an accelerating voltage of
10.00 kV in a vacuum.

3.9 Roughness measurement

A computerized profilometer was used to determine the
roughness of the JIFs. The fibers were randomly selected
for this experiment. The machine used for this experiment
was a Zeta-20 Optical 3D-Profilometer. The machine was
operated in 200 steps, with a step size of 1.082 pm. The
machine provides a Zeta-20 image, surface analysis, and
surface skewness of the fiber surface.

4 Results and discussion

4.1 Discussion on physical and chemical analysis
of JIFs

Natural fibers, as reinforcing materials, have the benefit of
lower weight usage owing to their properties. The weight
of the material is directly proportional to the density of the
lignocellulosic reinforcement when the density measures the
physical attributes. At room temperature, JIFs fiber has a
density of 0.98 g/cm?, signifying that it is appropriate for
flyweight usage. The elemental analysis statistics are shown
in Fig. 2. Plant growth, soil type, growing environment, and
extraction process all influence chemical characterization.
Chemical examination indicated that cellulose makes up
75.3 £2.4%, hemicellulose 7.84 +0.4%, lignin 7.61 +0.2%,
wax 1.2%, ash 3.03%, and moisture content 5.12 +0.4%.
Similar findings were reported by [22] shown in Table 1.

4.2 Discussion on FTIR analysis of JIFs

The FTIR results provided directions for finding the
functional group for the respective vibrating wavenum-
ber cm~! with respect to transmittance. FTIR spectrum
of JIFs is shown in Fig. 3. The results revealed that in
the single bond region 4000 to 2500 cm™!, vibrations
exist at 3603.3 cm™!, which are assigned to alcohol and
hydroxyl compounds of phenols and OH stretching in the
range (3640-3530 cm™'). Consecutive record findings
at 350.73 cm™! were assigned to dimeric OH stretching
in the range of (3550-3450 cm™!). Vibrations did not
exist in the triple-bond region from 2500 to 2000 cm™".
In the double bond region from 2000 to 15,000 cm™!,
vibration exists at 1743.65 cm™', which was assigned to
the carbonyl compound of alkyl carbonate in the range
1760-1740 cm~!. Consecutive vibration was recorded
at 1689.62 cm™!, which was assigned to quinone or
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Fig.2 Chemical composition
of JIF
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Table 1 Validate the physicochemical results with others novel natural fibers

Name of the Cellulose (%) Hemicellulose Lignin (%) Wax (%)  Ash (%) Moisture uptake  Density (g/cc) References
novel fiber (%) (%)
Jatropha inte- 753+2.4 7.84+0.4 7.61+0.2 1.2 3.03 5.12+0.4 0.98 Current study
gerrima
Himalayacala- 72.5 12.7 7.76 0.14 - 6.9 1.3 [23]
mus falconeri
Furcraea selloa  71.13 11.6 6.9 - - - 1.12 [24]
K. Koch
Abutilon indicum 56.12 14.26 16.21 0.38 10.21 8.75 0.17 [25]
Abelmoschus 80.86 134 11.23 - - - - [26]
ficulneus
Purple Bauhinia 60.54+4.31 9.17+3.45 16.27+6.15 1.28+0.24 6.24+2.87 10.54+2.25 1.46 [27]
Fig.3 FTIR analysis of JIF EsHIMADZU
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conjugated ketone in the 1690-1675 cm~!. The next
wavenumber exists at 1527.62 cm™!, assigned to sim-
ple hetero—oxy compounds of aromatic nitro compounds
from 1555 to 1485 cm™!. The last vibration in the double

bond region exists at 1396.46 cm™!, assigned to com-
mon inorganic ions of ammonium ions in 1430-1390.
The fingerprint region ranged from 1500 to 500 cm™".

The vibrations at 1064.71 cm™! were assigned to ether
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and oxy compounds associated with alkyl-substituted
ether and C-O stretch bonds. The next wavenumber was
found at 825.53 cm™', assigned to the aromatic ring
(aryl) of the aromatic C-H out-of-plane bend. A vibra-
tion followed this at 725.23 cm~', which revealed that
the aliphatic organ halogen compound of aliphatic chloro
compounds-CI stretch bond. The next wavenumber exists
at 686.66 cm™!, which belongs to thiols and thio-substi-
tuted compounds of disulfides (C-S stretch). The next
nearby vibrations were observed at 648.08 cm™!, repre-
senting the acetylenic (alkyne) alkyne C-H bend. Fol-
lowed by two vibrations at consecutively 547.78 cm™!
and 509.21 cm™!, the wavenumber represents the same
functional group aliphatic organ halogen compound of
aliphatic iodo compounds, C-I stretch. The last vibrations
were observed in the fingerprint region at 470.63 cm™!,
which represent the thiols and thio-substituted com-
pounds of polysulfides (S-S stretch). Similar findings
were reported by [28]. Table 2 shows the various func-
tional groups present in the fiber.

4.3 Discussion on XRD analysis of JIFs

The XRD results are shown in Fig. 4, where H,, s; and
H,g 17 are the intensities of the peaks at 20 =22.570 and
18.170, respectively. The iconic peak at 20 =32.2720°
showed a height of 29.72 cts, with a full-width half-
maximum (FWHM) at 26 =0.4896 and d-spacing of
2.77167 A. The XRD graph of JIFs was shown in Fig. 4.
The JIF crystallinity index was determined as 57.14%
using the Segal equation. In a chemical condition set-
ting and a moisture-content environment, the crystallinity
result demonstrated an optimal structure to be employed

Table 2 Functional groups of JIF
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Fig.4 XRD analysis of JIF

in biocomposites. The study by Manimaran et al. [43]
investigated the XRD analysis of Furcraea foetida (FF)
natural fibers. They observed a well-defined crystalline
peak of FF at 20 diffraction angles of 15° (1 1 0) and
22.63° (2 0 0), corresponding to cellulose-I and cellu-
lose-1V, respectively. These findings are similar to the
XRD results obtained in the current study on JIFs. The
specific angles and corresponding crystalline phases may
differ between FF and JIFs, the presence of well-defined
peaks indicates the crystalline nature of both fiber types.
Therefore, the similarity in the XRD findings suggests
that JIFs, like FF, possess a crystalline structure, which
contributes to their physicochemical properties and poten-
tial applications in various composites.

1

S.no Vibration range (wave- Assignment Description with wavenumber cm™ References
number cm™")
1 3603.03 Alcohol and hydroxyl compound Phenols, OH stretch in range 3640-3530 [29]
2 3502.73 Alcohol and hydroxyl compound Dimeric OH stretch 3550-3450 [30]
3 1743.65 Carbonyl compound Alkyl carbonate 17601740 [31]
4 1689.64 Carbonyl compound Quinone or conjugated ketone 16901675 [32]
5 1527.62 Simple hetero—oxy compounds Aromatic nitro compounds 1555-1485 [33]
6 1396.46 Common inorganic ions Ammonium ion 1430-1390 [34]
7 1064.71 Ether and oxy compound Alkyl-substituted ether, C-O stretch [35]
8 825.53 The aromatic ring (aryl) Aromatic C-H out-of-plane bend [36]
9 725.23 Aliphatic organohalogen compound Aliphatic chloro compounds, C-CI stretch [37]
10 686.66 Thiols and thio-substituted compounds Disulfides (C-S stretch) [38]
11 648.08 acetylenic (alkyne) Alkyne C-H bend [39]
12 547.78 Aliphatic organohalogen compound Aliphatic iodo compounds, C-I stretch [40]
509.21 [41]
13 470.63 Thiols and thio-substituted compounds Polysulfides (S-S stretch) [42]
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4.4 Discussion on TGA analysis of JIFs

The temperature deterioration of the JIFs was investigated
using thermogravimetric analysis (TGA). The thermal
degradation of JIFs is shown in Fig. 5. At 92.6 °C, the
initial mass loss is caused by hydration evaporation from
the JIFs. Thermal disintegration of hemicellulose was
associated with a moderate thermal peak at 227 °C, with
a weight reduction of 19.3%. The thermal reduction of
cellulose resulted in a significant maximum temperature
of almost 395 °C and a weight loss of 36.2%. At tempera-
tures above 540 °C, ash was formed. Because of the strong
phenolic-binding interactions, the results demonstrated
that JIF could endure extreme heat [42].

4.5 Discussion on tensile properties of JIFs

The yield, ultimate strength, and fracture point were esti-
mated using tensile tests. Tensile tests determine the force
required to break a specimen when it extends to its break-
ing point. JIFs that have strain rate of 2.6 +0.2% were used
to determine the breaking point with a remarkable tensile
strength of 326.7 +6.9 MPa. The calculated Young’s modu-
lus for JIFs is 7.8 MPa, and the elongation at break is 3.2.
These values indicate the material’s ability to resist deforma-
tion under tension and its maximum elongation before fail-
ure, respectively. These properties play a significant role in
assessing the mechanical behavior and potential applications
of JIFs, such as in composite materials where strength and
flexibility are important considerations. Tensile properties
of JIFs are shown in Fig. 6.

4.6 Discussion on SEM analysis

An SEM apparatus was used to investigate the SEM images
of the external layer of the JIFs, as illustrated in Fig. 7. Fig-
ure 7a depicts a collection of fiber pictures set arbitrarily
on the sample chamber to evaluate several cross-sectional
views of a distinct fiber at different spots. Figure 7b depicts
a cross section of a fiber, analyzing many crack-like patterns
that appear as long and thin cellulose fibers over the fiber’s
dimensions, presumably showing that the fiber bunches are
kept together. The JIF fibers have good surface characteris-
tics such as low surface roughness, high surface area high
aspect ratio. The JIF fiber is flexible and appears to have
a tube structure with a diameter of approximately 319 nm.
Pectin and other noncellulosic compounds connect multiple
primitive strands in the orientation of their length, such as
fibrils (also known as fiber cells).
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Fig.6 Tensile properties of JIFs

Fig.5 TGA analysis of JIF
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EHT=1000kV  Signal A = SE2
WD = 7.8 mm Mag= 250X

Date :9 Fob 2022
Time :12:52:42

EHT = 10.00 kV
WD = 7.9 mm

Signal A = SE2
Mag= 500KX

Date :9 Feb 2022
Time :12:54:46 .

Fig.7 a SEM analysis of JIF. b SEM analysis of JIF

Figure 8a depicts a massive void of fiber from a top-angle
perspective, resulting in the removal of a substantial amount
of cellulose from the fiber. As shown in Fig. 8b, lignin acts
as a binding agent in the fiber elements by creating an adhe-
sive bond with cellulose molecules. Natural fibers are known
to have a protective covering formed by wax and pectin.

4.7 Discussion on 3D profilometer

A 3D optical profilometer was used to measure the outer-
layer deviation and roughness of the JIFs. The pictures
were extracted at approximately 15 pm; the z-axis of the
picture stretched from 319 pm, and the picture step size
was 1.604 pm. Roughness values of JIFs were reported in
Fig. 9a.

Representations, such as Ra, Rq, and Rt, describe the
roughness intensity. Rsk denotes the surface skewness, and
Rku is the kurtosis number that defines the formation of the
specimen height data. The skewness measurement of the

EHT = 12.00 kV
WD = 7.9 mm

Signal A = SE2
Mag= 500KX

Date :9 Feb 2022
Time :12:58:21

profilometer was used to determine the number of peaks
and valleys. The distribution of heights has been divided
into two groups based on value: symmetric (Rsk=0) and
asymmetric (Rsk # 0). If the Rsk coefficient is greater than
zero, the peak distribution is above the normal arithmetic
mean; otherwise, it is below the median. According to the
data, the average Rsk value was —0.5109, indicating that the
distribution was negatively skewed. Optical interferometry
of JIF is shown in Fig. 9b.

The 3D profilometer analysis revealed important sur-
face characteristics of the JIFs. The range of view, span-
ning 95X 71 pm, provided a small-scale representation of
the fiber’s surface. The minimum heights recorded were
73.88 um and 128.88 pm, indicating the presence of lower
points or depressions, while the maximum heights meas-
ured at 126.22 pm and 142.89 pm represented the high-
est elevations on the fiber’s surface. The mean heights of
108.27 pm and 137.09 pm gave an average value for the
overall surface height, indicating the central tendency of

EHT = 10.00 kV Signal A = SE2
WD = 7.9mm Mag= 100KX

Date :9 Feb 2022 i )
Time :13:01:25 Do

Fig.8 a SEM analysis of JIF. b SEM analysis of JIF
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Fig.9 a 3D profilometer results
of JIF. b 3D Optical interferom-
etry image of JIF. ¢ Histogram

Zeta Analysis Report

Date Acquired:

Image Name: Zeta ImageS5 File Name:
Thu Feb 24 18:10:35 2022 Today:Thu Feb 24 18:10:46 2022

of JIF Z Range: 319um No. of Steps: 200  Step Size: 1.604pm Field of View: 95um x 71pm
Markers 1-2
Ra Rq Rpv Rp Rv Rsk Rz Rku
14.14 19.96 109.60 58.85 50.75 -0.2674 42.95 4.244
9.860 1317 83.29 28.46 54.83 -1.051 49.76 4.334
8.950 11.35 50.94 21.76 29.18 -0.2143 32.64 2.562
Min 8.950 11.35 50.94 21.76 29.18 -1.051 32.64 2.562
Max 14.14 19.96 109.60 58.85 54.83 -0.2143  49.76 4.334
Mean 10.98 14.83 81.28 36.35 44.92 -0.5109  41.78 3.713
SD 2.264 3.705 23.99 16.14 11.25 0.3825 7.038 0.8151
Var% 20.6% 25.0% 29.5% 44.4% 25.1% -74.9% 16.8% 22.0%
(a)
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113.00 poe
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the height distribution. The standard deviation values of
24.33 pm and 5.968 pm reflected the extent of variation
or dispersion in the height measurements, with higher val-
ues indicating greater variability. The variance values of
22.5% and 4.35% provided a measure of the overall spread
or dispersion of the height data, indicating a wider range
of height values in the dataset. These values collectively

90.77

105.90 12103 136.15 151.28 166.41 181.54 196.67 21179 22692 24205 25718 27231 287.44 302.56 317.69
Height (um)

(©

provide valuable insights into the surface topography and
roughness of the JIFs, contributing to our understanding
of their structural characteristics.

Picture retrieval is portrayed by an array of colors and
ranges that display height. Histogram of JIF is shown in
Fig. 9c. The peak height, maximum count value, and mean
value of the histogram charts were 140.487 pm, 27,071 pm,
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and 3932.160 pm, respectively. The vertical scale shows the
number of repeats or periodicity for each peak, while the
horizontal axis shows the height of the peak. The positive
kurtosis histogram illustrates that the peak values are greater
than the average. Because the instability in the peaks pro-
motes the retention of the matrix with fiber, this substantial
Ra value underlines the certainty of the fiber-matrix bonding.

5 Conclusions

Physicochemical features, including chemical composition,
thermal stability, and tensile strength, were assessed in this
study. JIFs have a tensile strength of 326.7+6.9 MPa and a
strain rate of 2.6 +0.2% because of their high cellulose content
of 75.3+2.4%. The cellulose content is comparable to that of
other commonly used biopolymer resources. It is worth not-
ing that JIFs have a lower density of 0.98 g/cm® compared
to other natural fibers, making them suitable for lightweight
composite preparation. In addition, the moisture content was
5%. The JIF crystallinity index was calculated to be 57.14%
using the Segal equation. The absorption bands of cellulose,
hemicellulose, and lignin were validated by FTIR spectra at
3603.03cm™", 1689.64 cm™', 1064.71 cm™', and 547.78 cm™,
respectively. In addition, the JIFs were thermally stable at tem-
peratures up to 395 °C. In the SEM micrographs, the exterior
layer of the fibers was contaminated with environmental impu-
rities and a noncellulosic layer. Moreover, the fiber appears to
be composed of long, thin fibrils, which may imply that the
fiber clusters are maintained throughout. JIFs may be used as
reinforcement materials in biocomposites for many scenarios,
including roof tiles, door handles, furniture panels, and decora-
tive panels. This fiber offers great promise for manufacturing
natural fiber reinforced polymer composites and studying their
thermal and mechanical properties, which might lead to more
innovative product development ideas.
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