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Abstract

In this study, the utilization of neem gum powder and snake grass fiber, gathered from snake grass plants is discussed.
The fibers are produced in various volume percentages of 5, 10, 15, 20, 25, 30 and 35% and their mechanical characteristics
such as tensile strength, flexural strength, impact strength, and critical stress intensity are investigated. The combination
of 30% snake grass fiber, 15% neem gum powder and 55% epoxy resin, in terms of volume, contributes towards the
attaining of better mechanical properties. The tensile strength, flexural strength, impact strength, and critical stress intensity
of this blend are respectively 36.497+0.429 MPa, 65.87+1.85 MPa, 2682.67+1.866 J/m? and 42.291+2.61 Pa mm™'~,
The mechanical properties improve with the addition of the fiber. However, as more fiber is added, the adhesion at
the interface gets reduced. The automotive and aerospace sectors can use this composite material, which enhances the
mechanical characteristics for interior applications.
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1. Introduction

A composite is a mixture of two materials, of which one
is the reinforcing phase and the other is the matrix in which it
is embedded. Metal, ceramic, and polymer are all acceptable
choices for the matrix and reinforcing materials. Unlike
metallic alloys, each material added to the composite maintains
its original chemical, physical, and mechanical properties.
These composite materials are also widely known for their
excellent strength, stiffness, and low density. The primary
load-bearing components of composites typically consist
of a fiber or particle phase that is stiffer and more powerful
than the continuous matrix phase. The matrix serves as the
source of the composite as it is more ductile than the fibers.

Materials comprised of two or more physically and
chemically distinct phases that are separated by an interface
are known as composites!?. The diverse phases are combined
to produce composites that perform like the individual
components in terms of structural or functional quality®!.
In terms of weight, rust resistance, fatigue strength, and
ease of installation, composite materials are superior to
non-composite materials!**!, Composites are used in the
manufacture of transmission towers, electrical gadgets and
packing materials, spacecraft, medical equipment, and
aircraft structures!®’. Natural fiber and biodegradable polymers
are used to create bio-based green composites, which are
further classified into hybrid and textile composites!”.
Currently, natural fibers are more often used in the
manufacturing of PMC for a range of functions, including
structural ones®. Natural fibers are produced by plants,
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animals, and minerals. Due to their accessibility, environmental
friendliness, degradability, and renewability, plant fibers
have caught the attention of scientists, researchers, and
engineers?.. Abnormally formed fibers may get deboned
and start to break apart from one another at lower loads,
which cause fibrillation!'". The fiber treatment is an alternative,
for increasing the fiber surface area, chemical bonding, and
interface adhesion between matrices of natural fiber!!". The
effect of sequential placing of fiber mats on the improvement
ofnatural fiber (sisal, aloe Vera, and flax) hybrid composite
qualities have also been recently studied by Balasubramanian et al.
0121, The effect of Barium sulfate on the mechanical, DMA,
and thermal behavior of woven aloe vera /flax hybrid
composites were investigated by Arulmurugan et al.l'3, The
impact properties new hybrid composite material made of
woven flax and carbon fibers in an epoxy matrix was the
subject of an investigation by Al-Hajaj et al.l'¥l. Many
researchers have shown interest in the use of natural fibers
as reinforcement in polymer matrix composites, such as
kenaf fiber!">), Characterization of the failure surface, impact,
and inter laminar strength has been investigated on hybrid
composites!'. So far, studies have been carried out on how
the different fiber loadings affect the flexural and thermal
properties of banana leaf hybrid composites!'”\. In composites
containing 50% fiber, the flexural strength, modulus of
elasticity (MOE), and tensile strength have all been
increased!"®l. The matrix-to-reinforcement ratio had a big
impact on the performance of sugar palm composites!'?.
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The best mechanical properties were attained by the composite
specimen with a 10 mm fiber length and a 15 percent fiber
loading”. Changes in fiber orientations will have a significant
impact on the storage modulus, loss tangent, and other
mechanical parameters that are investigated?!). It has been
shown that jute fibers may be chemically treated to enhance
matrix-fiber adhesion by increasing the interfacial bonding
with the polymer matrix, which in turn improved the
composites’ tensile properties??. Natural fiber reinforced
polymer composite materials are used to make wind turbine
blades?®). Unsaturated polyester hybrid composites bonded
with sugar palm yarn and glass fiber have been developed
for use in automobile components?¥, Fiber orientation and
loading have an impact on the mechanical and thermal
characteristics of composites that are reinforced with sugar
palm yarn and an unsaturated polyester resin®!. Bio
composites must possess the desired qualities in order to
displace synthetic fiber-reinforced composites for being
used in new industrial applications®®. Natural fibers are
used in automobile structures because of their moderate
tensile strength, better stiffness, and high damping capability?”.
Natural fiber-reinforced composites are intended for lowering
vibration and noise levels, in addition to component weight
when used in automotive applications. Additionally,
composites have exceptional resistance to corrosion and
fatigue®®!. One of the hybrid composites, specimen D, has
20% weight of snake grass fibre, with increased tensile
strength. However, when the snake grass fibre content is
increased, the tensile strength got abruptly decreased. The
findings suggest that the alkali treatment enhances the elastic
behavior and boosts the material’s resilience to failure. The
elastic region is formed when the strain rate is reduced and
above this region, the specimen experiences plastic
deformation. This behaviour due to the resin in the area
which begins to deform plastically, causing it to produce
small cracks'?\. Hybrid composites made by Rangaraj et al.
B with 20% weight of snake grass and 10% weight of areca
fibre provided the highest tensile, flexural, impact, and
hardness values®’. In the hardness test, fiber-reinforced
polyester composite materials that have been calcium
carbonate-treated, have the highest hardness values, scoring
27 BHN, outperforming untreated snake grass fiber-reinforced
polyester composite materials by more than 50%. The
calcium carbonate-treated reinforced composite has a high
mean ultimate strength of 45.335 N/mm? according to the
tensile test. A fiber-reinforced composite coated with calcium
carbonate has high impact strength of 3.35 J. A fiber-reinforced
composite that has been treated with Ca2CO3 has a high
ultimate flexural strength of 4.5 N/mm?3!!. The composites
demonstrated that at 30% fibre volume, the maximum
mechanical characteristics are obtained. Additionally, adding
silica nano filler improved the inter laminar structure’s
cohesive strength. The material is strengthened by these
behavioral changes at the ideal concentration of 30% hybrid
fibers and 3% nano silica®. The outcomes showed that
banana fibre with 20% by weight produced good results,
maintaining the mechanical strength values at the desired
level™.. SiO, and B,C significantly increase the tensile,
flexural, and impact strength of snake grass fiber, according
to research by Hariprasad et al.*¥.. To create a new composite,
Kevlar and Napier grass fibres are reinforced with epoxy
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matrix, and it was assessed that sample A had the highest
mechanical strength®). The tensile, flexural, interlaminar
shear, impact, and hardness of the natural fibre reinforced
hybrid composite, which combines jute, snake grass, and
kenaf fibres as reinforcement with varying fibre quantities,
were evaluated in this research effort. Additionally, by
adding Annona reticulata (custard apple) seed powder as a
filler, the hybrid composites’ wear behaviour was improved.
This analysis showed that the sample, which contains kenaf
fibre (without filler) and snake grass in similar amounts
(12.5% of each), had outstanding mechanical properties.
The sample with 5 wt% filler exhibits a lower wear rate
than other samples in terms of wear behavior®. The tensile,
compression, and flexural properties of the epoxy hybrid
composites reinforced with banana and snake grass fibres
were examined for various stacking orders. To achieve
greater interfacial strength, the fibres were properly treated
with an alkali solution®”). The investigations showed that,
up to a 20% increase in weight of African tefl fibre, the
mechanical qualities increased before degrading. Additionally,
it has been shown that natural fibres and bio castor seed
shell powder had a stronger combined effect on the mechanical
qualitiesi®®. The chair made of snake grass fiber-reinforced
polymer composites is manufactured and utilised in place
of wood chairs in commercial settings. The mechanical
characteristics, including flexural and compressive strength,
as well as the water absorption with time, have been studied.
These characteristics are contrasted with those of SAL wood,
and the conclusions arrived at are listed®?. From the study
of this literature survey, it is understood that the nature of
composite extraction, processing techniques and their change
in the chemical and the mechanical properties with different
composition of materials is utilized for various applications.
Also, it is inferred that snake grass fiber acts as the best
alternative for glass fiber in all its applications. Neem gum
powder as a filler is used in the biomedical field for making
prosthetics, and dentistry. A Combination of neem gum
powder with snake grass fiber will open the way to many
more applications in both mechanical and biomedical fields.

2. Materials and Methods
2.1 Materials

2.1.1 Snake grass fiber

The southernmost state of India, Tamil Nadu has an
abundance of snake grass from which fibers are extracted
using a straightforward water retting method. It is succulent
and extremely thick with sturdy leaves that hold the water.
The extracted snake grass fibers are used as reinforcement
in fabricating composites.

2.1.2 Neem gum (filler)

The Neem tree when scratched, naturally yields neem gum.
Neem gum is a non-bitter substance that is soluble in cold
water and it is clear and amber in color. It is a biodegradable
natural filler substance which is inexpensive and widely
accessible. The parameters of the neem gum powder taken
for this study are, particle size ranging from 1 to 15 microns,
tensile strength of 12.5 MPa, flexural strength of 18.1 MPa,
impact energy of | joule, and density of 1.08 g/cm’.
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Different volume fractions of Acacia Nilotica bio filler were
used to create composite specimens. The effects of filler
loading and chemically treated reinforced fibers influenced
the mechanical properties of the composites. When the bio
filler content in the polyester matrix increased from 15% to
20% of volume fractions, a little decrease in the mechanical
properties was noticed. This could be because the bio filler
agglomerates in the composite material at higher volume
fractionst*?.. In the present investigation, neem gum powder
has been used as a bio filler with a 15% volume fraction,
because it was found after reading numerous texts on the
subject that higher composite characteristics could only be
attained below this level.

2.1.3 Epoxy resin (matrix)

One of the most important roles played by the resins or
matrix in a polymer composite is binding the reinforcements
together, maintaining the shape of a component, and passing
applied loads to the reinforcing fibers. It protects the reinforcing
fibers from abrasion and damaging the environment. Despite
its widespread use, thermosetting plastics like polyester and
epoxy resins help in determining the mechanical properties
of composites. Epoxy resin serves as the paper’s matrix
material. Epoxy resins outperform polyester resins in terms of
strength and cost, whereas Polyester resins are less susceptible
to moisture absorption than epoxy resins. Resins adhere to
glass and organic fibers quite well. The LY556 epoxy and
the HY951 hardener, with density values of 1.15-1.20 g/
cm? and 0.97-0.99 g/cm’® respectively are combined to
create the composite plate. The weight ratio of the hardener
to epoxy is 10:1.

Table 1. Composition of all volume percentages of the composites.

2.2 Methods

A simple hand lay-up method is utilized to create the
composite plate with different volume percentages of fiber,
such as 5%, 10%, 15%, 20%, 25%, 30%, and 35%.The fiber
volume percentage varies according to the matrix and fiber
densities. The male and female steel dies are used to create
the composite plates. The male and female portions of the
die are initially coated with a releasing agent to facilitate the
removal of the specimens after the solidification procedure.
The fibers are laid one by one over the resin on the female
die. This is followed by sealing the mold, putting it in a
hydraulic press, and applying 5 bars of compressive pressure
for 4 hours at 30°C ambient temperature. In the 300 x 300
x 3 mm mold chamber, the matrix is used to reinforce the
fibers. Table 1 provides a detailed of the composites’ volume
percentage used in this work.

Tensile testing was done on the composite in accordance
with ASTM D638 at a test speed of 5 mm/min utilizing
TinusOlesan UTM. The specimens (a) The equipment used
for testing and Specimen before (b) and Specimen after
fracture (c) are shown in Figure 1.

Flexural testing of the composite was carried out using
the Tinus Olesan UTM in the three-point bending mode
in compliance with the ASTMD790 standard. Specimen
Dimensions: Thickness (d) = 4mm, Width (b) =13 mm,
Support Span (L) =52 mm, of=3FL/2bd* where, of = Flexural
Strength F = Break load (value taken from graph.) Figure 2
shows the Flexural testing samples (a), Equipment used
for testing and specimen before fracture (b) and specimen
after fracture (c)

S. No Snake grass fiber(%) Neem Gum Powder(%) Epoxy(%)
Sample 1 5 15 80
Sample 2 10 15 75
Sample 3 15 15 70
Sample 4 20 15 65
Sample 5 25 15 60
Sample 6 30 15 55
Sample 7 35 15 50

(a) Specimens

(b)The equipment used for testing
and Specimen before fracture

(c) Specimen after
fracture

Figure 1. Various composition specimens and test setup for testing of tensile properties of hybrid composites.

(a) Flexural Testing Samples

(b) Equipment used for testing  (c) Specimen after fracture

and specimen before fracture

Figure 2. Various composition specimens and test setup for testing of flexural properties of hybrid composites.
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Using impact testing equipment, the ASTM D256 standard
calls for Izod mode impact testing of the composite was carried
out. Specimen Dimensions: Width (b) = 13.1 mm, Thickness
(t) =3.2 mm, area = 13.1 x 3.2 =41.92 mm?, [zod Impact
Value = 0.6 J, Impact Strength = (0.6/41.92) x 1000 = 14.31
N-mm/mm?. Figure 3 displays the testing samples.

According to ASTM D709 standards, the crack is in the
opening mode, which is a tensile stress normal to the crack’s
plane. The Formula for calculating the fracture toughness
factor for stress intensity K can be used to estimate the
fracture toughness.

It relies on (i) the load, (ii) Flow depth and (iii) the
Geometry

Critical stress intensity factor for mode 1 is

BJ_ {( ]}[30] .

@

2
0.866 +4.66 A -13.32 A
w w

3 4
+14.72 i -5.6 i
w W

Table 2. Tensile test results.

Where F(A/W)- geometry crack length factor, P is the load
at which the first crack appears, B is the test specimen’s
thickness, w is the specimen’s length, and A is the initial crack
size. The test samples are cut into the required dimensions
as shown in Figure 4a and 4b displays the testing samples.

3. Results and Discussions

Five samples per composition were tested and the average
values of mechanical properties with standard deviation are
shown in Tables 2, 3, 4 and 5.

Standard Deviation for each composition of five samples
for all mechanical properties are calculated using the formula

€)

¢ = Population standard deviation

N = Number of observations in population
X; = 1" observation in the population

p = Population mean

Figure 3. Various composition specimens for testing of impact
strength of hybrid composites.

SAMPLE ID BREAK LOAD (N) TENSILE STRENGTH (MPa) TENSILE MODULUS (MPa)
Sample 1 520+ 3.033 13.460+0.073 562.820+3.35
Sample 2 614+2.828 16.075+0.118 591.871+3.87
Sample 3 755+2.93 20.063+0.105 695.763+2.83
Sample 4 870++2.39 23.038+0.292 794.488+2.11
Sample 5 950+ 2.40 29.713+0.517 898.378+ 3.66
Sample 6 1010+ 2.60 36.497+ 0.429 1082.712+2.58
Sample 7 915+3.60 24.303+0.320 943.854+4.12

Table 3. Flexural test results.

SAMPLE ID BREAK LOAD (N) Flexural Strength(MPa) Flexural Modulus (MPa)
Sample 1 54.986+ 2 20.62+ 1.96 1652.820+ 3.87
Sample 2 63.317+3.6 23.75£2.4 1681.871+2.01
Sample 3 76.647+2.2 28.75+2.58 1765.763+ 3.17
Sample 4 107.626+2.2 40.37+ 1.41 1874.488+2.86
Sample 5 140.631+1.83 52.75+2.58 1898.378+ 3.162
Sample 6 175.609+ 3.13 65.87+1.85 1952.712+ 2.46
Sample 7 71.635+2.64 26.87+ 1.96 1743.854+ 3.288
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Table 4. Impact test results.

SAMPLE ID Impact Energy (J) Impact Strength (J /m?)
Sample 1 0.6+ 0.1609 221431+ 0.265
Sample 2 0.8+ 0.1135 2319.08+ 0.293
Sample 3 1.5+ 0.172 2429.27+ 0.426
Sample 4 2.4+0.219 2555.41+1.744
Sample 5 4.11+0.273 2593.85+ 2.338
Sample 6 5.5+0.231 2682.67+ 1.866
Sample 7 3.3£0.313 2667.16x 1.721

Table 5. Mode I fracture test result.

SAMPLE No Ult. Stress (MPa) Displacement (mm) Peak Load (N) Critical Stress Intensity Factor (KIC) (Pa mm™?)

Sample 1 17.81 £2.228 2.1+0.279 140+1.853 19.125+1.469
Sample 2 25.434+-2.28 2.5+ 0.141 145+ 2.316 20.252+2.059
Sample 3 30.2242.115 2.9+ 0.256 185+ 2.786 22.561+1.853
Sample 4 33274+ 2.5 3.2+0.185 205+ 3.349 25.005+ 1.414
Sample 5 38.21+2.961 3.8+ 0.261 215+2.786 33.213+2.315
Sample 6 44.232+1.28 4.2+0.287 235+2.442 42.29142.61

Sample 7 30.42 £1.766 4.8+ 0.311 285+3.547 50.664+ 1.744

10mm
ASTM

D709

standard

(a) Testing Samples cut required dimensions

(b) Testing samples

Figure 4. Various composition specimens for testing of mode I crack test of composites.

3.1 Tensile property

Measurements of the tensile properties of the various
fiber volume percentages in the hybrid composites are made.
With every 5% increase in volume of Snake grass fiber in the
hybrid composites, the tensile strength gradually increases.
Figure 5 and Table 2 demonstrate that the composition of
30% snake grass fiber, 15% neem gum powder and 55%
epoxy resin achieve the maximum tensile strength and tensile
modulus of 36.497+0.429 MPa & 1082.712+2.58 MPa
respectively, which are higher than the corresponding
values of 14.02 MPa & 960.621 MPa obtained by
Vimalanathan et al.*!! and 3.56 MPa & 1023 MPa by
Palanikumar et al.*?l, due to the increased interfacial
adhesion between the fiber and the matrix. A further
increase in the fiber volume percentage in hybrid composites
to 35% causes a decline in the tensile properties due to
insufficient bonding between the fiber and the matrix as
shown in the SEM image in Figure 6.
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Figure 5. Comparison of tensile strength for various composition
specimens of hybrid composite.

3.2 Flexural property

The flexural properties of the hybrid composites
are evaluated for each fiber volume percentage.
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fiber with mairix poor
cdaprion

Figure 6. SEM image of 35% snake grass fiber with matrix poor interfacial adaption.
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Figure 7. Comparison of flexural strength for various composition
specimens of the hybrid composite.
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Figure 8. Comparison of izod impact strength for various composition
specimens of the hybrid composite.
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Figure 9. Comparison of critical stress intensity factor for various
composition specimens of the hybrid composite.

The Flexural strength increases gradually with every 5%
increase in the volume of Snake grass fiber in the hybrid
composites. The mixture of 30% snake grass fiber, 15%
neem gum powder and 55% epoxy resin was found to
have the highest flexural strength and flexural modulus
of 65.87+1.85 MPa and 1952.712+2.46 MPa respectively,
which are higher than the corresponding values 0of 26.16 MPa
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and 1810 MPa obtained by Vimalanathan et al.*!) and
27.26 MPa and 1873 MPa by Palanikumar et al.*?!, due to
better interfacial adhesion between the fiber and the matrix.
The best results are obtained by Sample 6 (30% snake
grass fiber), as shown in Figure 7 and Table 3. Flexural
strength is observed to decrease as the fiber volume
percentage is increased in hybrid composites made of 35%
snake grass fiber, 15% neem gum, and 50% epoxy resin due
to an inadequate bonding between the fiber and the resin.

3.3 Impact property

The hybrid composite’s impact characteristics are measured
for each fiber volume percentage. Every 5% increase in
volume of the snake grass fiber in hybrid composites results
in a progressive rise in the impact strength. It has been noted
that stronger interfacial adhesion between the fiber and the
matrix on the composition of 30% snake grass fiber, 15%
neem gum powder and 55% epoxy resin attained the maximum
impact strength 0f2682.67 +1.866 J/m* which is higher than
the value of 2500 J/m? obtained by Vimalanathan et al.*!!
and 2671 J/m? by Palanikumar et al.?, Sample 6 (30%
snake grass fiber) produces the highest results as seen in
Figure 8 and Table 4. Due to the poor bonding between the
fiber and the resin in the composition of 35% snake grass
fiber, 15% neem gum, and 50% epoxy resin, it was noticed
that further increasing the fiber volume percentage in hybrid
composites causes a drop in the impact strength.

3.4 Mode | fracture

In the Mode I fracture test, the hybrid composite’ fracture
properties were measured for different fiber volume fractions.
With every 5% increase in volume of Snake grass fiber in
hybrid composites, the Critical Stress Intensity Factor and
the Ultimate Stress increased rapidly. Due to improved
interfacial adhesion between the fiber and the matrix, it was
seen that the composition of 30% snake grass fiber, 15%
neem gum powder, and 55% epoxy resin gave the highest
ultimate strength of 44.232 £1.28 MPa and Critical Stress
Intensity Factor of 42.291+2.61 Pa mm™. Figure 9 and
Table 5 demonstrate that sample 6 (30% snake grass fiber)
produces the best outcome. The ultimate strength drops when
the fiber content in hybrid composites is increased further.
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Good fber with matrix
interfncial bonding

Figure 10. SEM image of 30% snake grass fiber with good matrix interfacial bonding.

Fibar pull

Figure 11. SEM image of 35% snake grass fiber breakage and fiber pull out.

Figure 10 shows the existence of good adhesion between
the fiber and the matrix. A strong interface permits the
composite to withstand the applied load even if multiple
fibers break the load, which can be transferred by the
integral portion of the fibers, which in turn increases the
mechanical strength.

The fiber pullout and fiber breakage of the tensile fracture
and impact fracture of the composite specimens have been
examined using a scanning electron microscope (SEM).
Fiber pullout and fiber breakage are evidently noticed on
35% snake grass fiber, in the fiber binding zone. Flexural
strength and tensile strength were tested for fiber pullout
and fiber breakage are evident in Figure 11. With further
increase in the fiber volume fraction, the tensile strength and
flexural strength start reducing, due to fiber agglomeration
at higher volume fraction. Further, clustering of fiber leads
to poor wetting of the fiber by the matrix and hence there
is a poor bonding between the fibers!'”. This results in
reduction in the mechanical properties.

Similar effect was noticed in this case due to poor
interfacial bonding also, at higher volume fraction, as
shown in Figure 6.

Polimeros, 33(3), 20230033, 2023

4. Conclusion

Tests were conducted to evaluate the effect of fiber
volume percentage and filler on the mechanical properties
of the hybrid composite. The volume of 30% snake grass
fiber with 15% neem gum powder and 55% epoxy resin
contributes in achieving better mechanical properties such
as tensile strength, flexural strength, impact strength and
critical stress intensity factor (KIC) of 36.497+0.429 MPa,
65.87+1.85 MPa, 2682.67+1.866 J/m? and 42.291+2.61
Pa mm'” respectively. The results show that adding fiber
increased the mechanical properties to some extent, but
too much of fiber impaired the adhesion at the interface,
which in turn reduced the mechanical properties of the
composite material. The SEM images Figures 6 and 11
prove it. Stress transfers within the matrix material are
made more efficient by the inclusion of the filler material
as secondary reinforcement. The benefits of combining
this snake grass fiber with other comparable biopolymers
in composite applications is found to be substantial. Hence,
this new sustainable biodegradable material can be taken up
for future research for interior applications in automotive
and aerospace industries.
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