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Natural fiber composites are now more costly than traditional building materials. Currently, industries are moving from traditional
materials to naturalfiber composites, and the price of natural fiber should be reduced through greater utilization of industrial production.
This work aims to determine how matrix alteration affects the interlaminar characteristics of a hemp fiber-reinforced epoxy composite
containing nano silicon oxide particles. Interlaminar modulus of rupture in Types I and II is assessed using dual cantilevered beams and
end-notched deformation testing samples.Mechanical mixing and sonication are used to blend nanoscale SiO2 (30 nm) into the resin at
concentrations of 0, 0.2, 0.4, and 0.6wt%. The composites were made using the compression molding method. The composites were
tested according to the American Society for Testing and Materials standards after manufacturing. The findings show that adding
nanoparticles enhances interlaminar toughness values. Interlaminar fracture toughness improved by 20.25% and 30.35% for 0.4wt%
SiO2, respectively. The fiber matrix interaction and failure causes are examined using scanning electron microscope images.

1. Introduction

Recent advancements in lightweight materials suggest that
natural fiber reinforcement in polymeric materials is becom-
ing more popular. Because of increased international aware-
ness and stricter environmental regulations, manufacturers
focused primarily on eco-friendly materials [1]. Natural fibers
have become popular for nonstructural and semistructural
industries, resulting in environmental and financial gains
over synthetic materials, as well as their least expensive, spe-
cific strength, and higher hardness. Natural fiber composites
are widely utilized as reinforcement in composite materials,
such as automobile cabins, interior doors, reporting tools, and

sports gear, thanks to their features [2, 3]. Renewables should be
chosen to create 10% of biochemical construction blocks by
2020, and that figuremust be expanded to 50% by 2050, accord-
ing to the US Departments of Agriculture and Energy. Cotton,
coir, jute, flax, hemp, banana fiber, and other natural fibers are
well-known for their use in automobile materials [4, 5]. Hemp
has a particular strength and modulus that are equivalent to
man-made glass fibers when compared to other natural fibers. If
rigidity and lightness are taken into account, hemp is an excel-
lent replacement forman-made fibers [6]. Hemp fibers are well-
known for their use in the aviation, vehicle, building, recreation,
sports, and package industries. Because of its likeness to the
marijuana plant, its effects are frequently misconstrued [7, 8].
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Medical cannabis can be grown in warm climatic regions on a
variety of well-drained, upgradable soils that have high produc-
tion and also no chemical fertilizer or herbicides, resulting in a
height of 2–25 cm as well as a surface area of 3–5 cm. Because of
its elevated hygroscopicity and organic material subject matter,
this same cannabidiol seed is indeed a reduced farm physiologic
epilog [9, 10]. With such an indigestible fiber interaction and
greater configurability, treatment systems can produce pre-
mium cannabidiol natural fibers. Hemp fibers are encased in
a hemicellulose and lignin matrix and arranged in a variety of
architectural topologies. The architecture of hemp fibers has
been widely investigated, resulting in helpful, in-depth informa-
tion being available in the current literature [11, 12]. Hemp
fibers are longer, stronger, and tougher than other plant mate-
rials like silk, as well as coarser, and are employed in engineering
industries. As a consequence, composites (airline industry,
sporting goods, etc.), structural and constructionmaterials, geo-
textiles, and other applications account for approximately a
quarter of the marijuana fibers used in commercial operations
[13]. Hemp fibers take on a range of shapes, thicknesses, topol-
ogies, and properties during the course of their lives.

The watery characteristics of plant fibers and the hydro-
phobicity of epoxy matrix combine to make natural fiber
composites’ fiber matrix binding weak, resulting in poor
mechanical characteristics and quick debonding failures.
Debonding failures in fiber-reinforced composites are a key
stumbling block to their widespread use [14]. Fibre interven-
tions (alkali processing, ionized treatment), fiber modifica-
tion, and matrix modification via nanoparticle inclusion are
some of the methods used to address these drawbacks [15,
16]. These techniques provide a coarser fiber or matrices
interface, which improves the mechanical connection of
the fiber matrices, leading to an improved characteristic.
When constructing composites for construction purposes,
the resilience of the fiber and the matrix area to fracture
progression is critical [16]. Matrix hardening makes fracture
development parallel to a fiber orientation easier to control.
Moreover, it makes a major contribution to the enhancement
of lattice characteristics [17].

One technique to increase the hardness of the matrices and
the fiber–matrix interaction is to add second-stage reinforce-
ments to a matrix. When appropriately blended into the matri-
ces, a tiny quantity of nanoparticles can considerably enhance
the bulk characteristics of the material, like composite durabil-
ity, rigidity, interfacial dimensional stability, mechanical char-
acteristics, electrical characteristics, and thermal characteristics
[18, 19]. Silicon, nano titanium dioxide, Al2O3, silicon dioxide,
nanoclay, and other forms of second-stage reinforcement are
used for matrices alteration in fiber-reinforced composites.
Previous research on biocomposites has only looked at endur-
ance, fabric pretreatment, fiber length, water uptake capabili-
ties, and biomechanical qualities, including tension, bending,
and impacts [20, 21]. The impact of adding nanoparticles
to the matrix to increase mechanical characteristics and adhe-
sive connections has received a little attention in academic
nonfiction. Fernández-Álvarez et al. [22] and Guo et al. [23]
studied the impacts of nanoparticles inclusion on Hibiscus
cannabinus-based composites and found that at 3 wt%

reinforcing load, the ductile and impression strength values
improved by 25.80% and 29.81%, respectively. The explanation
for the enhancement is the stronger interface connection formed
between the matrix and the fiber. In cellulosic fiber composites,
Thangaraj et al. [24] and Singh et al. [25] addressed the use
of nanoscale silicon fillers. The modulus of elasticity, elastic
strength, and toughness were all increased by 14.40%, 7.50%,
and 6.10%, respectively. Nanosilicon offers a strongmix of qual-
ities, like nontoxic, better interface with matrices, rust, and sta-
bility, among numerous second-stage reinforcements employed.
SiO2 is a naturally present silicon oxide that has attracted con-
siderable attention due to its unique architectural, physiological,
electrical, photonic, enzymatic, electrical, and anticorrosive
properties [24, 25]. Chemicals’ insolubility, cheap price, excel-
lent adhesion with other substances, and a strong index of
refraction all attract interest. Such properties of nanosilica con-
tribute significantly to their selection as a good second-stage
reinforcement element for polymer matrix, thereby improving
the mechanical properties of fiber composites [26, 27].

The purpose of this study is to determine the interfibrillar
fracture toughness of unaltered and matrices-altered hemp
fiber-reinforced composite materials in Types I and II. The
inclusion of nanosilica into the matrices is used as a matrix
alteration approach. The crack growth resistant curve is used
in the Type I results to provide information on crack nucleation
and crack growth toughness. The fracture starting rates for
shearing type interfacial failures are also provided by the Type
II findings. Scanning electron microscope (SEM) was used to
evaluate the broken surfaces of the delaminated composite.

2. Experimental Works

2.1. Materials. The woven hemp fibers came from the Natural
Fiber Industry in Vellore, Tamil Nadu, India (Stage I reinforce-
ment). The hemp fibers were gently laved with clean water and
sundried for 2 days to remove the moisture. The fiber was then
immersed in the NaOH solution for 4 hr. The fabric was then
cleansed in clean water before being woven at 75°C. As a
matrix, silicon oxide and epoxy were employed in this study.
Naga Pharmaceutical Manufacturing, Chennai, Tamil Nadu,
India, provided the matrix and silicon oxide fillers (Stage II
reinforcement). Figure 1 shows the photographic images of
reinforcement and matrix materials. Table 1 reveals the com-
mon properties of fiber and matrix.

2.2. Fabrication of Nanocomposites. A stainless-steel mold
measuring 300mm× 300mm× 3mm was first refined. To
generate a suitable matrix system, the matrix material was
thoroughly combined with the hardener. The composite was

Hemp fiber Nanofiller Epoxy matrix

FIGURE 1: Photographic images of reinforcement, filler, and matrix
materials.
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made from hemp/nanosilica combinations using the com-
pression molding process. Various weight percentages of
nanosilicon powder (0, 0.2, 0.4 and 0.6 wt%) were dispersed
in the manufactured epoxy by hand stirring with a glass rod.
To avoid any shrinkage that may have happened during the
extraction technique, the composite was cooled in the open
air for several minutes. For the simple recovery of laminated
composites, a mold release reagent was added to the steel
mold. To guarantee appropriate soaking, the layers of hemp
fibers were manually placed and resin was evenly sprayed on
all the fibers. A high-temperature polymeric film was put
between different layers of hemp fibers to create an interfa-
cial precrack. Carbon fiber layers were put on both sides of
the main hemp fiber layers to prevent mixed fracture forma-
tion due to significant beam deformation. The mold was then
put on a heated compression molding equipment for 40min
at 120°C and 5MPa pressure. The unaltered and matrices-
altered hemp fiber composite structures are then cured at
90°C for 3 hr and 130°C for 1 hr in two stages.

2.3. Characterization of Nanocomposites. Type I interfacial
fracture toughness tests were conducted using double cantile-
ver beam test specimens in accordance with American Society
for Testing and Materials (ASTM) D5528-13 guidelines. The
test samples are 150mm in length, 25mm in breadth, and
3mm in thickness. Aluminum plates with dimensions of
30mm × 25mm × 22mm were bonded toward both sides of
the specimens to keep the debonding length at 50mm. To
track the debonding process, a tiny piece of corrective liquid
was applied to one side of the sample with a 1mmmarker. The
specimen (Type II) was also exposed to a shearing failure
mode. Using specimen specifications of 140mm length,
25mm breadth, and 3mm thickness, five samples were evalu-
ated under every test.With a cross-headmovement of 0.5mm/
min, the test circumstances matched ASTM D7905-14 guide-
lines at the subatomic scale, SEM has been employed to start
investigating broken lightweight structures. The samples had
been washed, left to dry, as well as pretreated to nanometers of
precious metals before SEM clarification to enhance the con-
ductivities of the blends.

3. Results and Discussion

3.1. Type I Interlaminar Breakage Robustness. In Type I, the
interfacial breakage robustness of hemp fiber-based light-
weight material and matrices-altered specimens with nano-
SiO2 inclusion is investigated. The debonding behavior of the
composites is represented by the force versus displacement

graph in Figure 2. The curvature follows a clear structure
until it reaches the maximum force line, which is the fracture
starting point [28]. Further than that threshold, the force
exhibits a drop that represents fracture development as the
elongation rises. As the elongation progresses, force values
increase and decrease in a stick–slip pattern [29]. This
describes the fracture development trend in the composite’s
interfacial regions. The stick–slip pattern is most commonly
seen in fabric when the material is delaminating. Moreover,
the matrices’ width in the hydrogen embrittlement axis is not
consistent due to the transverse and longitudinal weaving
patterns. As the fracture spreads, it encounters the areas of
different hardnesses. Additional energy is stored in high-
toughness areas till it achieves the requisite level to advance
the fracture [30]. The stored energy from the tougher section
is discharged as the fracture develops, causing the fracture to
proliferate along the less hard zone, resulting in a sliding
behavior. The abrupt force decreases or regions of uneven
crack formation cause the slippage zones inside the force
versus displacement curve [31].

The extensive experiments were consistent with those
reported by Velmurugan and Babu [4] in weaved fiber com-
posites. While comparing the matrices-altered composite to
the baseline specimens, the matrices-altered composite had
higher high force levels. The increase in force indicates that
the latter is muchmore resistant to fracture progression, which
is aided by the nanoparticle inclusion (up to 0.4wt%). The
decrease in force measurements for specimens with 0.6wt%
SiO2 particle inclusion could be attributed to nanoparticle
aggregation. Figure 3 shows the above findings.

3.2. Type II Interlaminar Breakage Robustness. In Type II,
interfacial breakage robustness tests are performed on hemp
fiber composites and matrices-altered composite specimens
with silica inclusion at 0.2, 0.4, and 0.6 wt%. This is clearly
shown in Figure 4. Shear load is added to ENF test speci-
mens at the fracture start film. Microcracks form before the

TABLE 1: Common properties of fibre and matrix.

Sr. no. Properties Hemp fiber Epoxy resin

1 Cellulose (%) 67.4–69.18 –

2 Hemicellulose (%) 11–15.32 –

3 Lignin (%) 3.21 –

4 Density (g/cm3) 1.37 1.21
5 Tensile strength (MPa) 279–862 7–21
6 Young’s modulus (GPa) 69–70 0.88
7 Elongation (%) 2.3–3.18 1.54
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FIGURE 2: Force versus displacement curve of different weight ratios
of nano-SiO2 filler for Type I fracture.
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crack tip. Themicrocrack expands and eventually combines as
the load applied rises [32]. Crack growth begins at this point,
and the load lowers abruptly shortly after attaining the highest
load value [25]. In calculated Type II, interfacial brittle mate-
rial values are calculated using the appropriate load capacity
value. The fiber bridge technology is lacking in the Type II test.
Beginning toughness is the name given to Type II toughness.
The conformance calibration method is used, and the confor-
mance results for all of the specimens are examined [33].
Figure 4 demonstrates the force versus displacement curves
for unaltered and matrices-altered specimens, with 0.6% dis-
playing the highest force values. Figure 5 shows the interfacial
breakage robustness values for Type II. The unfilled or empty
specimen has a Type II interfacial fracture toughness value of
1,812 J/m2. Among them, 0.4wt% showed the greatest increase
in values (2,721 J/m2), increasing by 33.40%. The existence of
hackles and roughness between layers exposed to debonding
are the factors that contribute to Type II interfacial fracture

toughness levels. The addition of nano-SiO2 to the matrices
renders the lattice area harder [34].

During the operation of shear load on matrices-altered
specimens, the enhanced interaction with the friction coeffi-
cient between interfacial layers avoids debonding. Through
mechanical binding, the inclusion of second-stage reinforce-
ments improves the interlock of the fiber matrices. When
compared to unaltered composites, debonding failure occurs
at a greater load level. The inclusion of nanosilica in the
matrices makes the interface course, which helps to enhance
the contact between fibers. As a result, the residual stress for
the changed specimens is postponed. The van der Waals
force acting among nanofillers causes nanomaterial aggrega-
tion at a greater weight percentage (beyond 0.4 wt%) of
nanosilica in the matrices. The aggregates act as maximum
stress points, causing the sample to fail at low stress. As a
result, at greater weight percentages than 0.4 and 0.6wt%,
Types I and II interfacial fracture toughness values fall. The
major effect of interface interaction among polymeric matrix,
nanoparticles, and fiber reinforcement is responsible for the
improved outcomes. In regards to interfacial fracture tough-
ness values, the Types I and II test results show an enhance-
ment in the reinforcement and resin interaction.WhenTypes I
and II interfacial fracture toughness values are compared, Type
II findings are shown to have a larger enhancement range. The
nanoparticle contributes more to the shearing type of break-
down resistance. The presence of nanoparticles in the matrices
increases the fiber and the matrix interaction, as well as
the matrix’s roughness and durability, requiring considerable
impulse for fracture development.

3.3. Microstructural Examination. SEM was used to examine
the cracked interfaces of the nanocomposite in order to deter-
mine the role of nano-SiO2 in interfacial fracture processes. At
Satyabhama University, Tamil Nadu, a Zeiss SUPRA 55-VP
SEM was employed to undertake microscopic assessments on
cracked nanocomposites. To enhance the electrical properties
of the nanocomposite, the samples were thoroughly washed,
left to dry, and the outer layer was encased with 10 nm of
gold prior to SEM analysis. During Type I test circumstances,
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FIGURE 3: Fracture toughness values of different weight ratios of
nano-SiO2 filler for Type I fracture.
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FIGURE 5: Fracture toughness values of different weight ratios of
nano-SiO2 filler for Type II fracture.
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SEM micrographs of the cracked interface of the standard
(unaltered matrices) and matrix-altered composite with
nanosilica additions (0.2, 0.4, 0.6wt% loaded) are shown in
Figure 6. A neat and brittle form of breakdown between fiber
matrix areas may be seen on the delaminated surfaces of the
reference composite. Fiber interfaces can be easily pulled away
frommatrices, indicating a poor type of structure. The broken
interface of matrix-altered specimens, on the other hand, has
a coarser roughness because the nano-SiO2 nanoparticles
permeate into the matrices and adhere to the fiber surface.
The existence of polymer fragments adhering to the fiber
surface demonstrates the nanoparticles’ contribution to
improving the interface. The dispersion of nanoparticles
inside the fibers and fiber–matrix interface is seen in SEM
micrographs of matrix-altered specimens. As a result of the
nanoparticles’ inclusion in the matrices, the fiber and the
matrix mechanical bonding are created. The inclusion of
nanoparticles improves the matrix toughness in this way.
The fragmented surface area of matrices-altered composite
samples is bigger, which may lead to a higher interfacial
fracture toughness rating.

Figure 7 shows SEMmicrographs of Type II broken inter-
faces of baseline and matrices changed specimens (0.2, 0.4,

and 0.6wt% nano-SiO2). Cracking or hackling can be seen on
the delaminated faces. In matrices-edited specimens, the
hackles are less noticeable. The appearance of epoxy-rich
lumps from around the surface of the fiber indicates that
the micro-SiO2 deposition has cemented the fiber matrix alto-
gether. Interfacial binding is stronger in the composite with
0.4wt% SiO2. The growth of hackles and the agglomerates of
microcracks are slowed by better interaction. As a result, the
composite rupture is delayed and the load is increased.
The processes that mainly contribute to the Mode II interfa-
cial toughness value include friction between the layer and
hackles. At lower concentrations of micro-SiO2, the contact
between interfaces is insufficient to prevent the fracture
from propagating. Cracks can easily propagate through softer
resin-rich zones in certain circumstances, causing the compos-
ite to break quickly. The highest Type II interfacial fracture
toughness scores were found in hemp composite materials
with 0.4wt% hemp.

4. Conclusion

This research focuses to see how adding nanoparticle fillers
such as SiO2 to hemp-reinforced polymer epoxy composites

(a) (b)

FIGURE 6: Microstructural images of Type I fracture: (a) unfilled composites; (b) 0.4 wt% nanosilica-based composite.

(a) (b)

FIGURE 7: Microstructural images of Type II fracture: (a) unfilled composites; (b) 0.4 wt% nanosilica-based composite.
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affected the results. SiO2 weight percentages of 0, 0.2, 0.4,
and 0.6 were used. It is possible to have the following
consequences:

(1) The findings showed that adding nanoparticles to the
composite improved the Types I and II interfacial
fractured toughness values significantly. The inclu-
sion of nanofiller inclusions improved the compo-
site’s debonding resilience.

(2) Adding 0.4wt% nano-SiO2 to Types 1 and 2 increased
the fracture value by 20.25% and 33.40%, respectively.
The migration of nanoparticles into the surface of the
fiber strengthened the fiber and the matrix interface
while also improving the matrix’s durability. The
increased fiber and matrix interfacial binding was
demonstrated via SEM pictures.

(3) The aggregates act as maximum stress points, caus-
ing the sample to fail at low stress. As a result, at
greater weight percentages than 0.4 and 0.6 wt%,
Types I and II interfacial fracture toughness values
fall. The major effect of interface interaction among
polymeric matrix, nanoparticles, and fiber reinforce-
ment is responsible for the improved outcomes.

(4) The unfilled or empty specimen has a Type II inter-
facial fracture toughness value of 1,812 J/m2. Among
them, 0.4 wt% showed the greatest increase in values
(2,721 J/m2), increasing by 33.40%.
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