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ABSTRACT

Published: 30.06.2025

Light materials including fiber-reinforced polymer matrix are ideally suited to meet the contemporary demands for
low-density materials with good mechanical strength. This initiative resulted in multiple studies aimed at integrating
lignocellulosic natural fibers into polymer matrix. This work proposed the utilization of vetiver fibers (VF) (Chrysopogon
zizanioides) as the reinforcement in epoxy composite integrated with nano alumina (nAl,O3) particles. Their mechanical
properties were characterized by tensile, compression, flexural, and impact tests. Morphological investigations of VF-
reinforced composite were performed to study fracture surfaces post-testing. Findings revealed a notable disparity upon the
integration of nA120s into the epoxy matrix. The impact tests showed superior performance in specimen with nanocomposite
compared to the control group, with a mean value of 118 + 2.9 J. Most mechanical properties in composites showed
statistically significant improvements as confirmed by Tukey’s test. SEM micrographs showed a significant reduction in
agglomerations of nAL2O; reinforcement and interface delamination, suggesting enhanced interface strength.
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1. INTRODUCTION

Plant-derived natural fibers were reviewed for
their structural, thermal, mechanical, and chemical
properties. Focus was placed on extraction methods,
chemical treatments, and potential applications in
sustainable bio-composites. Nautiyal ez al. (2025)
emphasized the biodegradability, recyclability, and eco-
friendly usage of the fibers in the composite
development. Natural fiber reinforced composites using
raw natural fibers and polymer matrices were reviewed
for their environmental, mechanical, and energy-saving
benefits. Tyagi et al. (2024) analyzed parameters such as
mechanical, thermal, and tribological behavior and their
role in reducing pollution. These composites found
applications in construction, biomedical, pharmaceutical,
and furniture sectors due to their sustainable advantages.
Senthilkumar et al. (2024) developed epoxy composites
using hybrid luffa waste and groundnut shell fibers with
varying Al,Os filler contents (5—15 vol.%). The optimal
mechanical and physical properties were observed for
30% hybrid fibers and 10% Al,Os, showing enhanced
tensile, impact, flexural, shear strength, and hardness.
XRD and surface morphology analyses validated the
effective synergy among filler, fibers, and matrix, making
them suitable for low-to-medium load applications
Vetiver fiber (VF) and red mud were used as
reinforcements in epoxy resin to fabricate five
composites by hand lay-up with different wt %.

Mechanical (tensile: 51.78 MPa, flexural: 35.92 MPa,
impact: 29 kJ/m?) and thermal properties (via TGA) were
studied alongside FTIR, XRD, and SEM analysis (Jena
et al. 2022). Banana fiber-reinforced epoxy composites
with fillers Al,O3 and boiled eggshell were fabricated
with varying fiber lengths (100-200 mm) and filler
loadings (515 wt%). Mechanical properties like tensile
(14.25 MPa), impact (37.71 kJ/m?), and flexural strength
(36.07 MPa) were optimized using Design Expert 13 and
response surface methodology (Sathiyamurthy et al.
2023). Ramie, bamboo, and ramie-bamboo hybrid fiber
composites within nano-SiC and nano-Al,O;s fillers were
fabricated by hand layup and compression molding. The
hybrid composite achieved highest tensile (50.16 MPa),
impact (6.30 kJ/m?), and hardness (79.4), while pure
ramie had the best flexural strength (101.4 MPa) (Kumar
et al. 2025).

Polypropylene composites reinforced with 10
wt% NaOH-treated flax fiber and nano-ALO; (0-7.5
wt%) were fabricated wusing injection molding.
Mechanical strengths, including yield (42.8 MPa), tensile
(49.5 MPa), impact (18 J/mm?), and flexural (56 MPa)
peaked at 7.5 wt% Al,O3. Manalu ef al. (2024) examined
the effect of compression molding pressure (10-30 MPa)
on eco-friendly composites made from epoxy resin, rice
husk, Al,O;, and Fe;O3. Among all samples, the BP10
(10 MPa) specimen achieved optimal density (1.881
g/cm?), hardness (80.5 Shore D), and flexural strength
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(35.84 MPa). Venkatesh et al. (2024) developed a hybrid
nanocomposite based on high-density polyethylene
(HDPE) reinforced with 20 vol% chopped bast fiber and
nano-AlO3(2—6 vol%) using hand layup and thermal
compression methods. The best properties were observed
at 6 vol% ALOs with tensile strength (48 + 2 MPa),
hardness (45 HV), and low moisture absorption (7%).
Krishnasamy et al. (2025) explored hybrid composites of
curaud (C) and basalt (B) fibers in a polyester matrix,
focusing on varying fiber lengths (4, 8, 12 mm) and
loadings (25-75%). An 8 mm fiber length was found
optimal; 75:25 B:C showed highest tensile (34.34 MPa)
and flexural strength (119.6 MPa), while 25:75 B:C had
best impact strength (60.12 kJ/m?)

Natural fibers derived from corn cob and
palmyra fruit were used to fabricate composites by hand
lay-up and Taguchi L9 orthogonal array design. The 12
mm thick composite achieved maximum impact strength
(4.67 J/em?); 10 mm thickness yielded Rockwell
hardness (54) and tensile strength (23.31 MPa). ANOVA
identified fiber weight percentage and thickness as key
factors; regression showed <2% error, proving potential
for eco-friendly decorative and disposable applications
(Firoz et al. 2025).

Rout et al. (2025) analyzed hybrid NaOH-
treated human hair, Luffa cylindrica fibers, and Incense
Stick Ash (ISA) in composites using ultrasonication-
assisted hand lay-up. The 10 wt% ISA composite had
optimal mechanical properties (tensile: 19.04 MPa,
impact: 39.6 J/cm?) and microhardness (22.3 Hv). TGA,
ANOVA, and Whale Optimization Algorithm were used
for wear behavior analysis, identifying abrasive and
fatigue wear as dominant. Wear resistance was optimized
through gray relational analysis based Whale
Optimization Algorithm. Balasubramanian et al. (2025)
developed vinyl ester composites reinforced within the
40 vol.% agave fiber and 1-4 vol.% porous biocarbon
(from Artocarpus hirsutus husks), fabricated by hand lay-
up. The results showed excellent mechanical, thermal,
and dielectric properties, making the composite suitable
for EMI shielding in electronics and communication
devices.

Reddy et al. (2022) investigated natural fibers
(Abutilon indicum, Luffa cylindrica, Prosopis juliflora)
with NaOH, KOH, and silane treatments, and fillers
(CaCO;s, AlLO;, TiO2) in polymer composites. Silane-
treated fibers and filler-loaded composites showed
superior mechanical and wear properties, confirmed
through SEM and FTIR. The Performance Selection
Index helped identify the optimal hybrid combinations
for challenging environments (moisture, temperature,
chemical exposure). Aynalem and Sirahbizu, (2021)
investigated chopped flax fiber—unsaturated polyester
resin composites reinforced with AlLO; fillers (0-15
wt%) by hand lay-up and compression molding. The 25
wt% flax/5 wt% ALO; composite showed a 39.06%
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increase in tensile strength, and 15 wt% flax/10 wt%
AlLO3; composite showed a 45% increase in impact
strength.

Hybrid bio-composites were fabricated utilizing
short sugarcane fibers (SCF) and tamarind seed powder
(TSP) in epoxy resin by hot injection molding. The 35
wt% SCF/15 wt% TSP composition achieved the highest
flexural strength (36.543 MPa) and compressive strength
(21.32 MPa). Proper balancing of fiber and filler contents
was crucial for enhanced mechanical behavior
(Girimurugan et al. 2022b). Ben et al. (2021) developed
an areca fiber-reinforced epoxy biocomposite toughened
with neem oil and nano-silica (2 vol.%), all surface-
treated with aminopropyltriethoxysilane. The composite
showed high storage modulus (9.8 GPa at room temp),
better glass transition, and enhanced antimicrobial
properties. The composite was suitable for food
packaging, medical carriers, and domestic appliances due
to combined mechanical and antibacterial performance.
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Fig. 1 Fabrication of the composite specimen

Girimurugan et al. (2022a) developed
polypropylene-based hybrid polymer composites
utilizing nano alumina and water hyacinth stem powder,
fabricated by injection molding. The aim was to improve
mechanical strength, especially tensile properties, by
varying the nano alumina content. All samples were
tested per ASTM standards, showing notable tensile
enhancement due to nano alumina addition. Thangaraj et
al. (2022) studied HDPE composites that were reinforced
with nano alumina and areca nut shell powder in varied
ratios to improve tensile, compressive, and yield
strengths. The best performance (tensile: 49.37 MPa,
compressive: 46.71 MPa) was achieved with 2.5 wt%
nano alumina + 7.5 wt% areca nut shell powder. This
hybrid composite was proposed as a sustainable
alternative to wood-based materials. Eco-friendly hybrid
composites were prepared using Areca (ARF) and Abaca
(ABF) fibers with epoxy resin and nano-silica (SiO) as
filler. The optimal composition (76% ABF, 20% ARF, 4%
nano-Si0,) showed enhanced tensile, flexural, and
impact strength, along with reduced environmental
impact. The SEM analysis confirmed strong fiber—matrix
bonding and reduced delamination (Harak et al. 2024).
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The current study aimed to evaluate the
mechanical properties of epoxy composites reinforced
with up to 25% vetiver (Chrysopogon zizanioides) fibers
and functionalized with AlOs;. The mechanical
performance was evaluated by Impact, tensile, flexural,
and compression tests. To further understand how the
composite fractured, SEM was employed to analyze the
fractured surfaces. The objective of this study is to find
out whether the ALLOs treatment improves mechanical
performance and, by extension, the interaction between
fibers and the matrix.

Fig. 2: (a) Universal testing machine and specimens for (b)
tensile test, (c) compression test and (d) flexural test

2. MATERIALS AND METHODOLOGY
2.1 Materials

This research utilized an epoxy resin (LY556)
and hardener (HY951), obtained from Kovai Cheenu
Enterprises, Coimbatore, Tamil Nadu, India. The nano-
Al>O3 utilized in this study was supplied by Matrics
Enterprises, Nagercoil, Tamil Nadu, India. The
nanomaterial was incorporated in the epoxy resin by
drying 25 mL suspension of nAl;O; until it reached 2
wt% concentration in the resin, ensuring complete
removal of water. To make a uniform solution of A,O3 in
alcohol, 50 mL of isopropyl alcohol was added to the
dried Al,O; suspension, followed by addition of 100 g of
epoxy resin. The epoxy/Al,O3 mixture was mixed using
a mechanical shaker. This mixture was then heated at
80°C for one day to evaporate isopropyl alcohol,
minimizing the risk of air void formation during curing.
The matrix material for the composites was then
fabricated by adding the hardener to the epoxy/AlOs3
suspension (Fig. 1).

Vetiver fibers were sourced from multiple sites
in Erode, Tamil Nadu, India. The roots were initially
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cleansed by hand and subsequently submerged in pure
water for one day to improve their pliability and ease the
defibration process. Fiber extraction was performed
manually with a sharp stiletto to meticulously detach the
fibers from their roots. The retrieved fiber bundles were
first cut to a length of approximately 100 mm and
subsequently desiccated in oven at 75 °C for one day. No
chemical treatment was applied to these fibers.
Additionally, the dry fiber bundles were trimmed to a 50
mm length prior to composite manufacturing.

2.2 Processing of the Composite Materials

The vetiver fibers were carefully arranged in a
250 x 200 x 3 mm metal mold to create the composite
plates. The fibers were aligned and placed in the mold
chamber according to a specific ratio of fibers to resin
(Bothiraj et al. 2022). Using geometric linear density
method, 100 fibers were weighed. Their diameter and
length were measured under an optical microscope for
calculation purposes. On an average, 0.46 g/cm® was
found to be the density of vetiver fiber. The epoxy resin
has a density of 1.12 g/em®. Up to 25% VFs were
incorporated into neat epoxy and Al,Os /epoxy plates.
The next step was to cure them at room temperature (RT)
by subjecting them to processing at a pressure of 5 tons
for 24 hours.

Table 1 shows the composition percentages of
the fabricated composites.

Table 1. Compositions of the fabricated composites

A T
1 Si 100

2 Sz 85 15

3 Ss 80 20

4 Sa 75 25

5 Ss 73 25 2

2.3 Tensile Tests

For tensile testing, three samples were taken
from the composite plates. The 90 mm gauge length and
150 mm % 15 mm X 2 mm dimensions were specified in
the ASTM D3039/2014 standard. A FIE — Universal
Testing Machine (UTM) with the capacity of 5 kN and 2
mm/min crosshead speed was utilized to conduct the
experiments at room temperature (Fig. 2a, 2b).

2.4 Compression Tests

The FIE-UTM was utilized to conduct
compression tests at room temperature in compliance
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with ASTM requirements. Vetiver fibers were surface-
modified (e.g., benzoylation) to improve compatibility
with polymer matrices. Parameters such as mechanical
and thermal properties were analyzed using FTIR, XRD,
and SEM. Benzoylation-treated fibers showed the best
performance among treatments, enhancing fiber—matrix
interaction (Jena et al. 2022). A 2 mm/min crosshead
velocity was employed. Three identical specimens were
fabricated within the dimensions of 100 mm X 12 mm X
3 mm (Fig. 2¢).

2.5 Flexural Tests

Flexural tests are conducted utilized a FIE -
UTM at room temperature and a crosshead speed of 2
mm/min. Composite plate specimens were machined and
sectioned based on ASTM D790 standards (Amjad et al.
2021). For every percentage of fiber, three samples were
made with dimensions of 100 X 12 x 3 mm (Fig. 2d).

2.6 Impact Tests

Three specimens from composite were
machined from the composite plates for the Izod impact
tests, adhering to the parameters outlined in the ASTM
D256/2018 standard (Tavadi et al. 2025). The impact
tests were conducted using a 22J hammer on a type XC-
50 Pantec equipment at room temperature.

2.7 Scanning Electron Microscope (SEM)

A ZEISS FE-SEM model setup was used to
study the fractured surfaces of the composite. The set was
operated between 9 to 10 kV and a secondary electron
detector. To generate an electron current, the fibers were
coated with gold using sputter coater. This allows for the
examination of micrographs showing the failure
mechanisms with improved resolution and few artifacts
(Jha et al. 2022).

2.8 Statistical Analysis

Tensile, flexural and impact results were
compared using ANOVA. F-test was used to identify
statistically significant variations and Tukey honestly
significant difference (HSD) test was used for pairwise
comparisons of means for every group (Dos et al. 2024).

HSD =q /@

3. RESULTS AND DISCUSSION

(D

3.1 Analysis of Tensile Strength

Fig. 3 illustrates the mean tensile strength for all
the fine specimens. The novel hybrid nanocomposite
exhibited superior tensile strength relative to the vetiver-
reinforced composites, likely due to the homogenous
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dispersion of Al,Os inside the epoxy matrix and enhanced
interfacial bonding. Nevertheless, Ss state demonstrates
low tensile properties compared to S;. This might be
because the fibers were not able to provide enough
reinforcement when the materials were subjected to
tensile loads. So, the fibers probably compromised the
fiber/matrix interface by acting as structural flaws in the
material.

40

Tensile Strength (MPa)
N N w

(@

Elastic Modulus (MPa)
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Fig. 4: Vetiver fiber volume fraction vs(a) elastic modulus
(b) strain of S: to S5 conditions for tensile strength
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The micrographs clearly display the cracks that
developed during the process. Fig. 5a shows a cluster of
Al>,O3 nanoparticles, which could affect the mechanical
properties with an increase in interfacial resistance due to
ionic interactions and hydrogen bonds Fig. 5b shows the
river markings, indicating the possibility of a brittle
fracture. The pullout mechanism is evident with severed
fibers and no signs of delamination. Fig. 4 illustrates a
trend of rising elastic modulus in composites solely

reinforced with vetiver fibers, perhaps due to the superior
stiffness of the fibers. Conversely, the specimen S5 did
not exhibit the similar tendency, likely due to its elevated
aspect ratio and the decreased mobility of the polymeric
chains resulting from the interaction with nAl;Os.
Conversely, total strain graph indicates that
reinforcements exhibit no substantial change across the
various conditions examined within the standard
deviation.
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Fig. 6: (a) Compressive strength and (b) Total strain
percentage of S; to Ss

Fig. 5: SEM images of fractured surface after tensile test

Table 2 shows the analysis of variance for
ultimate tensile strength (UTS) of the fabricated
composites. The hypothesis of identical averages is
rejected at a 5% significance level. Consequently, it was
established that a substantial variance existed in the
tensile strength among the various conditions of the
vetiver composites.

Table 2. ANOVA of the UTS for composites S;, Sz to S4, and Ss

Sum of Mean

DF Squares Square FValue  Prob>F
Model 4 1226.4 306.6 109.5 <0.0001
Error 10 28 28
Total 14 1254.4

Table 3. Variations in mean values of UTS by Tukey's test

E EV-15 EV-20 EV-25 EV-25
S 0 26 23 16 14
Sz 26 0 3 10 12
S3 23 3 0 7 9
S4 16 10 7 0 2
Ss 14 12 9 2 0

Table 3 provides the outcomes of Tukey test for
ultimate tensile strength. The elastic modulus of 3.97
MPa and variations over this threshold are considered
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significant. The results show that the Ss condition
outperformed all other examined groups. Similarly,
FVL3 (flax + vetiver) had 65% balanced strength.
(Sivanantham et al. 2025).

3.2 Analysis of Compressive Strength

The specimens were tested for their
compressive stress and average maximum strain capacity
(Fig. 6). Compressive stress under different reinforcing
conditions is also compared. Both the ultimate
compressive strain and the overall strain were highest in
the Ss condition. Better load transmission from the matrix
to the fibers is associated with nAl,O3 presence because
it improves interlock between the two. The compressive
characteristics were considerably improved. Conversely,

the pristine epoxy reinforced with untreated VFs may
function as fillers. The S: to S4 conditions exhibit
ineffective load transfer, resulting in a final performance
(mostly fragile), similar to that of S1.

Micrographs were analyzed to understand the
events that caused the fracture. Fig. 7(a) illustrates the
delamination of the epoxy matrix, accompanied by
significant adhesion at the fiber/matrix bonding. Fig. 7
(b) illustrates crack propagation within the fiber, which
may serve as a potential mechanism for fiber fracture
initiation. Fig. 7(b) shows a river pattern process
associated with crack development lacking a favoured
orientation. It illustrates the occurrence of the pullout
process and the curvature at the termini of the vetiver
fiber.
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Fig. 7: SEM images of the fractured specimens after compression test

Table 4 presents the ANOVA findings for
compressive stress under examined conditions to observe
if a considerable difference exists among the outcomes.
Given that the computed F value (8.93379) exceeds the
prob F value (0.00621), one can conclude that the
examined conditions influence the efficiency of the
material under compressive stress.

Table 4. ANOVA of compressive stress for S;, Sz to Ss and Ss

signifies that Al,O3 substantially enhanced mechanical
performance. For this reason, the tensile test was the only
mechanical evaluation where the nanocomposite failed to
show a discernible improvement over the S4 condition.
But out of all the tests, only the impact tests outperformed
the control group.

Table 5. Variations in mean values of CS by Tukey's test

E EV-15 EV-20 EV-25
DF Sum of Mean — pvale  Prob>F
Suarc R quare Si 0 381 3.58 3.46
Model 94 12.64 . 00621
ode 3 37.9456 6485 893379  0.006 . 381 0 023 e
Error 8 11.3265 1.41581 S5 3.58 0.23 0 0.12
Total 11 492721 Sa 3.46 035 0.12 0
Tukey’s test was employed to evaluate the The literature substantially indicates that

average with 95% CI to determine the best results
produced by the parameters. The determined value for
HSD was 3.58 MPa (Table 5). The S4 condition has a
substantial disparity relative to the other conditions. This
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inadequate dispersion of nanomaterials can be remedied
with specific chemical changes to enhance the particle-
matrixing (Janyakunmongkol ez al. 2024). Consequently,
it serves as a superior choice for enhancing the
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mechanical performance of nanocomposites. Generally,
they exhibit superior mechanical performance compared
to nALLOs, without requiring an increased percentage.
This renders the alteration economically feasible while
preventing undesired agglomerations.
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Fig. 8: Comparison of flexural strength for the various
composites
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Fig. 9: Volume fraction of vetiver fibers vs (a) Elastic
modulus (b) Total strain for flexural strength of various
composites
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Table 6. ANOVA of FS for the composites S;, Sz to Ss, S5

nanocomposite
DF Ss;i‘;r"efs sl\(;[:::e FValue Prob>F
Model 4 570 142.5 89.0625  <0.0001
Error 10 16 1.6
Total 14 586

Table 7. Variations in mean flexural strength by

Tukey's test
E EV-15 EV-20 EV-25 EV-25
Si 0 15 16 13 12
S, 15 0 1 2 3
S; 16 1 0 3 4
S4 13 2 3 0 1
Ss 12 3 4 1 0

3.3 Flexural Strength Analysis

Fig. 8 and 9 illustrate the averages and standard
deviations of the mechanical parameters obtained from
the flexural tests for Si, composites upto Ss, and Ss
nanocomposite. The current investigation demonstrated
an increasing tendency till Ss, as depicted in Fig. 8.
Nevertheless, the Si condition exhibited superior
mechanical performance regarding flexural strength and
elastic modulus compared to all other examined
conditions. The vetiver fibers functioning as a filler
instead of reinforcement could be the cause of the
decreased mechanical performance. Moreover, a
deficient contact among the matrix and fiber may still
serve as an indication. Ultimately, the potential formation
of gaps between the fibers, resulting from the inability of
the resin to adequately wet all fiber material, may signify
areas that could function as stress concentrators.

The overall strain behavior is illustrated in Fig.
9. The results indicate that S; composites exhibit
completely brittle property, while other composites show
increased total strain. This improvement in ductility is
attributed to the reinforcing effect of fibers and Al,O;
nanoparticles, which enhance the overall durability of the
developed material. From Ss3 to Ss, the elastic modulus
showed an increasing trend when reported for all
composite circumstances. This is probably due to the
action of nAl,Os;, which increases the material’s
hardness. SEM micrographs were acquired as shown in
Fig.10 to understand the fracture mechanisms that result
in the augmentation of the reinforcements under the test
conditions. Fig. 10(a) exhibits brittle fracture
characterized by the presence of river pattern and fiber to
fiber ruptures. In S; condition, fiber-related fracture
mechanisms become prevalent along with fiber
delamination and cracking as illustrated in Fig. 10(b).
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The latter occurs less often and may indicate
delamination among the matrix and the fiber. The
functionalization of the matrix with nALO; clearly

helped achieve a stronger interaction among the
reinforcement and matrix phase.

>
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Fig. 10: SEM images of tensile strength fractured composites

ANOVA was conducted to observe the variation
in flexural properties among the various groups. In Table
6, the hypothesis of equivalent mean is rejected at a 5%
confidence level. This is attributed to the estimated F-
value that exceeds the tabulated critical F-value. This
suggests that a substantial variance exists in the flexural
strength  attribute across various reinforcement
circumstances.

Table 7 shows the flexural strength findings of
the Tukey HSD test. The values indicate that the S
condition outperformed all other examined composites.
The Ss is distinct from the other vetiver-reinforced
composites.

120 4
7

N

100
80

7

60 1

20 V/ 0

\

Impact Energy(Jd/m)

S1 S2 S3 S4 S5

Composite Specimen

Fig. 11: Impact energy for the composite specimens

3.4 1zod Impact Analysis

Fig. 11 illustrates a correlation between elevated
filler content and enhanced impact energy. The Ss
demonstrated a substantial increase of 480% compared to
the S1. A 153% rise was observed when comparing Ss and
S4. The Izod impact characteristics have been altered by
the incorporation of a new nAl,O; phase that
functionalizes the nanoparticle. Consequently, as
previously shown microscopically, an increased density
of river mark propagation along with a reduction in
delamination at fiber interface/matrix, correlates with
enhanced energy absorption.

An analysis of variance was performed to know
if any considerable difference existed among average
Izod impact outcomes. Table 8 illustrates that the
hypothesis of equal means was rejected at 5%
significance level, as the computed F-value exceeded the
critical F-value. Thus, this verifies that a substantial
disparity existed in the impact energy among various
composites.

Table 8. ANOVA of impact energy for S1, S2 to S4 and S5

nanocomposites
DF Ss;l:‘;r‘::fs sl\(;[s::e FValue Prob>F
Model 4 17288.4 4322.1 1964.59  <0.0001
Error 10 22 22
Total 14 17310.4

Table 9 presents the results of the Tukey HSD
test to investigate variations in the mean impact energy.
The computed HSD of 3.52 J/m indicated that the
variations exceeding this value are deemed significant.
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Only Sz condition did not exceed the calculated HSD. The
Ss outperformed all other examined group circumstances.

Table 9. Variations in mean impact energy by Tukey's test

S1 S2 S3 S4 SS
S 0 2 24 43 92
Sz 2 0 22 41 90
Ss 24 22 0 19 68
S4 43 41 19 0 49
Ss 92 90 68 49 0

The fracture mechanism associated with fiber
rupture is discernible at a macroscopic level. The Izod
impact characteristics were modified as a result of EP-

Al,Os functionalization, introducing a new phase. As a
result, new types of fractures were seen, which could
improve energy absorption. Fig. 12 shows the
micrographs that are relevant to the mechanisms of
fracture.

All  micrographs distinctly exhibit an
enhancement at fiber-matrix interface, characterized by
minimal presence of delamination fracture process. The
delamination is attributed to inadequate fiber attachment
due to the disparity in hydrophobic and hydrophilic
properties. Nonwoven fibers outperformed woven ones,
and cross-directional alignment provided superior
strength (Senguptaa, 2020). Furthermore, the use of the
Al,O3 nanofiller enhances the toughness and overall
mechanical characteristics of the material, potentially
contributing to the rise in impact energy. Additionally,
fracture processes including tearing of fiber and pulling
also exist. Fig. 12(a) shows the imprint and void of fiber
on the matrix surface, while Fig. 12(b) demonstrates the
presence of fiber tearing and river pattern.
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EHT= 5.00kV
WD=122mm

Signal A= SE2
Mag= 30X

EHT= 5.00kV
WD = 13.6 mm

Date: 6 Sep 2023
Time: 18:14:43

Signal A = SE2
Mag= 1.00KX

BIT

Fig. 12: SEM images of fractured S; composites

4. CONCLUSIONS

Among all assessments, only the impact tests
showed superior performance in the Ss condition
compared to the control group, with a mean value of 118
+ 2.9. The tensile strength of the composites averaged 22
+ 0.9 MPa, showing no significant improvement over the
S4 condition. The average bending and compression
strengths were 29 + 0.9 MPa and 24.3 £ 0.6 MPa,
respectively. Except for the TS, all other mechanical tests
showed significant differences compared to the S4
specimens, as validated by Tukey’s test. Scanning
electron microscopy micrographs demonstrated the
presence of agglomerations of the nano reinforcement.
This delamination significantly diminished, suggesting a
more robust interface. This probably enhanced the
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overall mechanical performance. Nonetheless, the
agglomerations may have exerted a countervailing
influence. Furthermore, ANOVA analysis revealed
substantial disparities across the different conditions for
mechanical tests conducted.
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