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ABSTRACT

Expensive and non-biodegradable synthetic fibres are commonly utilized as reinforcement in composites for better
mechanical properties. The eco-friendly and low-cost properties of natural fibres are promising alternative
reinforcement for composites. In this study epoxy-based glass and jute fibres reinforced hybrid composites are
fabricated varying fibre stacking sequences, ljute-lglass alternatively (j-g-j-) and 4glass-Ojute-4glass (4g-9j-4g).
Hybridization of jute and glass fibre results better tensile, flexural and water absorption properties than only jute
fibre reinforced composites but inferior to only glass fibre reinforced composites. The 4g-9j-4g stacking sequence
resulted in better mechanical and water absorption properties than j-g-j-- stacking sequence. The effect of chemical
treatment and glass microfiber infusion are also investigated. Chemically treated jute fibre and 2 wt.% microfiber
infused hybrid composite shows about 42% improvements in flexural strength as compared to untreated and without
microfiber infused composites. However, fibre chemical treatment and microfiber do not have a positive impact on
tensile strength.

Keywords: Hybrid Composites; Compression Molding; Chemical Treatment; Micro-filler Infusion; Mechanical
Properties.

1 INTRODUCTION

Fibre reinforced polymer (FRP) composites have been extensively utilized for many structural applications like
automotive parts, airplanes interior parts, household appliances, and construction materials [1]. The environmental
concerns have led to substantial attention in the development of new composite materials with addition of more
than one reinforcement that is derive from biodegradable resources, such as natural lignocellulosic fibres (i.e., jute,
kenaf, hemp, bamboo, wood, etc.) [2]. The adaptation of natural lignocellulosic fibres as reinforcement for different
applications has been gaining attention by research communities. According to Science Direct, the number of
publications on “Natural Fibre composites” since 1995 has been growing exponentially every year [3]. Natural fibre
reinforced composites exhibit lower mechanical properties than synthetic fibre reinforced polymer composites.
However, natural fibre reinforced composites properties can be extended by hybridization with synthetic fibres and
can provide a sustainable alternative to existing engineering materials in many structural applications. Hybrid fibre
reinforced polymers use two or more reinforcements with a single matrix giving rise to a more favourable balance
between advantages and disadvantages of two different types of reinforcement [4, 5]. Hybrid composite materials
offer a range of properties that cannot be obtained with a single type of reinforcement. The fibre reinforced polymer
composites can be manufactured by adopting various manufacturing techniques such as- hand lay-up, compression
molding, injection molding, auto-clave, and vacuum assisted resin transfer molding (VARTM) processes [6].

The combination of a high strength fibre such as glass or carbon with natural fibres can yield a favourable combination
of performance, cost and environmental attributes. Glass fibre epoxy composites have been hybridized with jute [7],
sisal [8] and bamboo [9] fibres. There are some studies reported on jute fibre reinforced hybrid composites. Ramesh
et al. [10] investigated the randomly oriented jute/glass fibre (GF) reinforced polyester composites fabricated with
hand lay-up technique. Another research group studied on jute/GF reinforced-epoxy composites with 14% weight
content jute fibres [11]. They utilized hand lay-up and compression molding techniques. Sabeel Ahmed et al. [12]
explored the effects of hybridization of glass fibre on low velocity impact behaviour and damage tolerance capability
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of woven jute fabric reinforced composite. The GF content increased the peak load and decreased the energy
absorption. The deflection of the specimen was decreased with increasing the GF content.

The hydrophilic natural fibres and hydrophobic polymeric materials when brought together may lead to undesirable
mechanical properties due to inadequate interfacial adhesion between them [13]. To improve bonding between
natural lignocellulosic fibres and matrix one approach is to treat natural lignocellulosic fibres with some chemicals
such as alkali prior using them as reinforcement [14, 15, 16]. In FRP composites the weak properties of matrix and
interphase zone is another critical issue that can lead to undesirable characteristics of composites such as interfacial
cracking, delamination and decreased fatigue resistance, which in turns severely limits the applications of FRP
composites. Infusion of nano / micro-fillers in the FRP that will enhance interfacial bonding by creating bridges
between fibre layers that results in improved mechanical properties of the hybrid composite material [17].

There are many researchers around the globe is working on natural fibre reinforced as well as hybrid fibre reinforced
composite materials. For the replacement of synthetic fibre reinforced composites with hybrid composites, it requires
more research to improve mechanical, thermal and physical properties. As per literature survey, no study reported
the effect of fibre stacking sequence, chemical treatment of jute and micro fibre infusion altogether on mechanical
and water absorption properties of Jute-glass reinforced hybrid composite. In this study, bi-directional woven jute
and glass fibre reinforced hybrid composite panels are fabricated through hand layout followed by compression
molding techniques. Different fibre stacking sequences are used for analyzing its effect on mechanical and water
absorption properties. Jute fibres are chemically treated and chopped glass microfibers are infused for further
improvement of mechanical and water absorption properties.

2 EXPERIMENTAL PROCEDURES

2.1 Composite Fabrication

In this research, bi-directional woven mats of jute fibre and glass fibre were used as reinforcement and thermosetting
polymer epoxy resin was used as matrix. Curing reaction of epoxy resin took place at room temperature after mixing
a curing agent called hardener at a ratio of 10:1. The composites panels were manufactured by hand lay-up followed
by a compression molding process. During the fabrication process a releasing agent was first sprayed onto the mold
surface. Then a layer of the bidirectional woven fibre was laid down, followed by a quantity of liquid epoxy resin
poured onto it. The process was repeated until the required number of layers was built up. Finally, these specimens
were taken to the compression molding setup to apply force and remove air gap and excess resin. The panels were
cured at pressurized (5000-6000psi) condition at room temperature for 24 hours. Thickness of fabricated were in
the range of 5.2-6.5 mm. Figure 2 shows fabricated composite panels ID along with their fibre stacking sequences.
Different fibre stacking sequences as well as manually chopped micro glass fibres (20-50 um length; 2 wt.% of total
fibre weight) were used to observe the variation of mechanical and water absorption properties of the fabricated
composite panels. Chopped micro glass fibre first mixed with only epoxy before adding any hardener and stirred
manually vigorously to make a proper mixture. To manufacture chemically treated jute fibre and glass reinforced
hybrid composite panels, jute fibres were cleaned and immersed into a 5% NaOH solution for 2 hours at room
temperature [14, 16]. After that, the jute fibres were filtered and thoroughly washed with distilled water. Finally, the
NaOH treated fibres were dried in an oven at 100°C for 2 hours.
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Figure 2: Different fibre sequence and composite ID. Right side composites are with micro filler infused
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Figure 3: Universal testing machine with tensile testing grip and sample.

2.2 Tensile Test

Tensile testing is a destructive test process that provides information about the tensile strength, yield strength, and
ductility of the materials. The tensile strength of a composite material is very high in the direction parallel to the fibre
orientation, while the tensile strength is much lower if tested in any other direction. The fabricated composites were
cut for tensile testing as per the ASTM D3039 standard. Uniaxial tensile test was performed at a cross head speed of
1.2 mm/min with Shimadzu 300 knew UTM (Figure 3). At least three samples were tested from each category.

2.3 Bending Test

Flexural strength, also known as mod bend strength, or transverse rupture strength is a material property, defined as
the stress in a material just before it yields in a flexure test. The transverse bending test is most frequently employed,
in which a specimen having either a circular or rectangular cross-section is bent until fracture or yielding using a three-
point flexural test technique. The flexural strength represents the highest stress experienced within the material at its
moment of yield. In this work, bending test was carried out by using Shimadzu 300kN Universal Testing Machine at
a cross head speed of 2 mm/min. Support span to depth ratio of 16:1 was maintained. Flexural strength test was
conducted as per ASTM D790 standard. Three samples were tested from each category.

2.4 Interlaminar Shear Strength (ILSS) Test
The interlaminar shear strength (ILSS) test is used to find out the strength inter laminar shear of multi lamina
composite. It is usually determined by the short beam shear (SBS) test. ILSS testing was carried out using a Shimadzu
300 kin Universal Testing Machine under three-point bending mode according to the ASTM D 2344-00 standard at
a crosshead speed of 1.3 mm/min. The span length to depth ratio of the specimen was 6 and the width of the
specimen was almost double the thickness. The ILSS was calculated using the eq. (i).

ILSS = (0.75% P)/(bxh) (i)
Where, P is the maximum load (N), b and h are the width and thickness of the specimen, respectively, in mm.

2.5 Water Absorption Test
For the water absorption test, the ASTM D5229 standard was followed. Three specimens (150 mmx20mmxXt) from
each category were dried in an oven at 100°C temperature for 1 hour followed by cooling to room temperature in
desiccators. Immediately upon cooling the specimens were weighed (i.e. Dry weight, W1). The weighted specimens
were then immersed into distilled water at room temperature (25 °C) for 24 hours. Immersed specimens were
removed, patted dry with a dried cloth paper and weighed (i.e. Wet weight, W5). Water absorption is expressed as
an increase in weight percent (Eq. ii).

Percentages of water absorption (%) = (W, — W;)/ (W; X 100)% (ii)

2.6 Morphological test

Morphological characterization of the fractured composite surface was analysed through a Scanning Electron
Microscope (SEM). Composite samples are cleaned properly and cut at the fractured region according to the
allowable specimen size of SEM finally observed at the SEM at 1-2KV.

3 RESULTS AND DISCUSSIONS

3.1 Fibre Volume Fraction

The fraction of fibre reinforcement is very important in determining the overall mechanical properties of fibre
reinforced composites. A higher fibre volume fraction typically results in better mechanical properties of the
composites. The fibre volume fraction can be calculated using a combination of weights, densities and volume of the
matrix and fibres. The fibre volume fraction can be calculated utilizing following three equations (Eq. iii-v). The
experimented data and calculated fibre volume fraction are shown in Table 1.
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Table 1: Fibre volume fractions of the fabricated composite panels

Jute fibre mass Glass Fibre mass ~ Matrix mass (m,,), Fibre volume
Sample ID .
(myr), gm (mgr), gm gm fraction (V)
S1 99.85 155.30 121.65 0.61
$2 117.68 165.15 121.31 0.64
S3 90.05 181.96 125.02 0.61
$4 110.54 181.06 108.54 0.66
S5 96.63 170.55 133.14 0.60
S6 89.00 198.40 98.44 0.67
s7 95.33 200.21 133.32 0.61
$8 91.04 195.88 109.51 0.65
S9 216.00 0.00 300.50 0.44
S10 0.00 482.00 150.35 0.63

Only jute fibre reinforced composite panels had the lowest fibre volume fraction which is about 44% and the fibre
volume fraction of hybrid composite having different fibre stacking sequences varies between 60% - 67%. Even
though same number of glass and jute fibre lamina were used for composites S1 to S8 but the total weights of glass
and jute fibres were not exactly the same. This is because each fibre lamina's cutting dimension was meant to be
200 mm by 200 mm, but the actual dimensions varied somewhat when we manually cut them.

_Yr
Ve = o X 100% (iii)
V.= ﬂ + w + Mm (W)

Jf Gf
Vg = —+—= \Y
g Pjr PGf ( )

Were,

Vs = Fiber volume fraction.

vy = Volume of fiber.

v, = Volume of composite panel.

m; s, Mgr, My, = Mass of jute fiber, glass fiber and matrix in the composite panel, respectively.

Py Perr Pm = Density of jute fiber (1.3 g/cm?), E-glass fiber (2.62 g/cm3) and matrix (1.4 g/cm3), respectively.

3.2 Ultimate Tensile Strength

For the tensile test, at least three specimens from each panel were tested on the universal testing machine (UTM).
Tensile stress-strain curves of the fabricated composite panels are presented in Figure 4. All the curves show a similar
pattern. Average ultimate tensile strength (UTS) values with standard deviation are presented with a bar graph shown
in Figure 5. Only glass fibre reinforced epoxy composites (S10) showed highest average ultimate tensile strength (UTS)
value of 391 MPa whereas only jute fibre (untreated) reinforced composite samples (S9) showed lowest average UTS
value of 37 MPa. Jute fibre is mostly consisting of cellulose which is inherently weaker than synthetic glass fibres
made from silicate glass or phosphate-based glass. As a result, in terms of mechanical properties utilizing simply jute
fibre as reinforcement is not worthwhile [21]. The hybridization of jute and glass fibres (S1 to $8) resulted in average
UTS values much higher as compared to only jute fibre reinforced composite samples (59). The higher tensile strength
values of the hybrid composite panels illustrate the potentiality of the use of hybrid composite material in different
structural applications.

The average UTS values of hybridized composite samples also depend on the fibre stacking sequences, chemical
treatment of jute fibre and micro-filler reinforcement (Figure 6). Two different types of fibre stacking sequences (4g-
9j-4g and g-j-g-j—alternatively) were investigated in the current study. The untreated jute fibre reinforced 4g-9j-4g
stacking sequence hybrid composite samples (S1) showed an average UTS value of 191.55 MPa whereas j-g-j--
alternatively stacked sequence samples (S6) resulted in UTS value of 219.82 MPa. The chemical treatment of the jute
fibre did not improve tensile strength of the hybrid composite samples (52 and $4). The micro-filler infusion (i.e., 2%
chopped glass fibre) also had no significant effect on the tensile strength of hybridized composite samples (S3, S5, 7
and $8). Micro-filler infusion in the hybrid composite panels might cause a reduction of the overall fibre volume
content in the fabricated composite panels which in turns may affect adversely on the UTS values. On the other-
hand, micro-fillers usually enhance the flexural strength of the composite panels by making bridging between laminas.
For morphological analysis of the tensile tested samples, scanning electron microscopic (SEM) images are analysed.
When tensile load is applied most of the composite failed due to fibre breakage and debonding (Figure 7). Due to
the uneven distribution of chopped micro fibre agglomeration is seen in the micrographs which explain the reason
behind having low tensile strength when micro fibre is added to the composite. This agglomeration acts as a stress
concentration point.
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Figure 4: Tensile Stress Strain Curves for Hybrid Composite Panels: (a) S1, (b) $2, (c) $3, (d) S4, (e) S5, (f) S6, (g) S7
and (h) S8
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Figure 5: Bar graph showing average UTS values of the different composite panels.
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Figure 6: Average tensile strength comparisons of fabricated hybrid composite panels.

5

Figure 7: SEM mlcrographs of fractured tensile samples having 4g 9)-4g stacklng sequence W|th 2% chopped micro-
filler: a) Untreated jute and glass ($8); b) Treated jute and glass (S3)

3.3 Bending Strength

Three-point bending test was performed on fabricated hybrid composite samples. Flexural or bending strengths are
calculated from the bending test. Failure due to the three-point bending test mainly occurs due to compression, shear,
and tension [18]. Flexural stress-strain curves of the fabricated hybrid composite panels are presented in Figure 8. All
the curves show a similar pattern. The average bending strength values are shown in the bar graphs in Figure 9. From
the bar graph, it is clearly remarked that the 4g-9j-4g stacked sequence samples (S1, $2, $3 and $8) possess higher
bending strength as compared to j-g-j—alternatively stacked sequence samples (54, S5, S6, $7). Chemical treatment
as well as chopped glass microfiber infusion resulted in higher bending strength of the hybrid composite panels. About
42% bending strength increased due to chemical treatment of jute fibre and microfiber infusion (S3). The higher
bending strength might be related to the higher percentage of cellulose exposure in treated fibres [16] and interlocking
action of chopped microfibers [17, 19].
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Bending test fractured samples SEM micrographs were also analysed. Almost all composite samples under flexural
loading were failed due to fibre breakage and delamination (Figure 10). Figure 10(a) & Figure 10(b) show micrographs
of ruptured bending samples were linking of micro glass fibre is seen. In Figure 10(c) resin adhesion to fibre is visible
which indicates the better bonding resulted due to chemical treatment of jute fibre.
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Figure 8: Bending stress strain curves for hybrid composite panels: (a) S1, (b) S2, (c) $3, (d) $4, (e) S5, (f) S6, (g) 57,
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Figure 10: SEM micrographs of fractured bending sample
with 2% chopped micro-filler: a) 4g-9j-4g untreated jute
and glass ($8); b) 4g-9j-4g treated jute and glass (53); c)
SU1510 1.00kV. 17.0mia, x100 SE 10/12/2020 15115 J g-j-g-- alternatively treated jute and glass (S5)

Resin adhered to fibe:

3.4 Effect of Stacking Sequences on Tensile and Bending Strength

Tensile strength and bending strength of the fabricated composite panels with 17- layer jute and glass fibres with fibre
stacking sequence 4g-9j-4g are shown in Figure 11 and j-g-j-- (alternatively) are shown in Figure 12. It is observed that
4g-9j-4g stacked composites lead to improved bending strength than tensile strength while j-g-j-- (alternatively)
stacked composites do not have any significant difference. In the 4g-9j-4gstacking sequence composites, the top four
and bottom four glass fibres act as a shield to the core jute fibres and bear most of the applied flexural load hence
the superior bending strength was observed (Figure 13). However, under tensile strain, the entire core of weak and
brittle jute layers cracked simultaneously, leaving the outer glass layers delaminated [21]. This explains the reason for
having lower tensile strength than bending in 4g-9j-4g stacking sequence composites. This result is consistent with
other researchers [20]. The chemical treatment of jute fibre and chopped microfiber infusion do not have a significant
effect on tensile strength of the fabricated composite panels. However, both chemical treatment of jute fibre and
microfiber infusion has a significant effect on bending strength of fabricated hybrid composite panels.
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Figure 13: Optical images of tensile and bending tests fractured samples having different fibre stacking sequences.

3.5 Inter Laminar Shear Strength (ILSS)

Interlaminar shear strength test results of CM composites are Figure 14. ILSS properties of CM composite panels show
a similar pattern just as like as flexural properties of CM composite panels. From the bar graph, it is clearly remarked
that the 4g-9j-4g stacked sequence composite panels (S1, S2, $3, and $8) possess higher ILSS as compared to g-j-g-j—
alternatively stacked sequence composite samples (S4, S5, $6, $7). Chemical treatments, as well as chopped glass
microfiber infusion, resulted in higher ILSS of the hybrid composite panels for enhancing interlocking action.

3.6 Water Absorption Test Results

Jute fibres have a high water absorption rate, but glass fibres are less prone to absorb water. Each cell wall of jute
fibre is made up of three main components which are cellulose (slender rod like crystalline microfibrils that are
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resistant to hydrolysis), hemicelluloses (hydrophilic polysaccharides that act as a cementing matrix between cellulose
microfibrils and can be easily hydrolyzed by dilute acids and bases) and lignin (complex hydrocarbon polymer that
assists on the transportation of water). Hydrophilic properties of jute fibres and other natural fibres are attributed to
the presence of these hydroxyl and other polar groups [22]. Due to this hydrophilicity sample S9 (only jute)
composites absorbs maximum water (2.73%) than any other hybrid combination of jute and glass fibre. Whereas
only glass fibre reinforced composite sample (S10) absorbs lowest amount water (0.63%) (Figure 15) Hybrid
composite panels absorb around 1.5% water. There is a slight decrement in water absorption observed in chemically
treated jute fibre reinforced and chopped glass microfiber infused hybrid composite panels. Water is absorbed due
to the capillary action of fibres through micro cracks [23,16]. Microcracks were more prevalent in untreated fibre
reinforced composites. Treated fibre reinforced and chopped micro fibre infused samples had lower microcracks,
resulting in lower water absorption. Chemical treatment also reduces the amount of hydrophilic hemicelluloses from
the jute fibre and washes away lignin content which limits water transportation inside composite. These two factors
contributed to the lower water uptake in chemically treated fibre reinforced composite. Moreover, infused chopped
glass microfiber provided additional resistance to water uptake. As a result, among the hybrid composites panels,
sample $S3 (4g-9j-4g stacking sequence treated and micro-filler infused) has the lowest water absorption capacity
which is about 1.48%.

The comparison in water absorption capability of 4g-9j-4g and j-g-j-- alternatively stacking sequences in fabricated
hybrid composite panels are shown in Figure 16. Samples having 4g-4j-4g stacking sequence have lower water
absorption as compared to j-g-j-- alternatively stacking sequence. Stacked hydrophobic glass fibre at the top and
bottom in 4g-9j-4g composites significantly reduce water absorption by acting as a barrier to prevent water from
being absorbed by inner hydrophilic jute fibre that gives 4g-9j-4g stacking sequence composites the water resistance
superiority. Similar results are obtained by another research group for different fibre reinforced composite [20].
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Figure 14: Inter laminar shear strength (ILSS) of hybrid composite panels
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Figure 15: Average water absorption of fabricated composite panels.
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4 CONCLUSIONS

This work is based on fabrications of hybrid composites with different combination of natural fibre (i. e. jute fibre)
and synthetic fibre (i.e. E-glass fibre) as a reinforcement and epoxy resin as matrix utilizing compression molding
method. The fabricated composite panels were analysed by comparing different mechanical and physical properties.

1. Only glass fibre reinforced composite resulted in better tensile, bending and water absorption properties
compared to other panels which is obvious. Then again only jute fibre reinforced composite panels have lowest
tensile and flexural properties and highest water absorption as compared to other fabricated samples.
Hybridization of jute and glass fibre resulted in tensile, flexural and waters absorption properties in between
only natural and only synthetic fibre reinforced composites.

2. The variations of tensile strength, bending strength and water absorption was observed due to variation of
fibre stacking sequences (i.e., positions of lamina). The 4g-9j-4g stacking sequences resulted in better mechanical
properties as compared to the j-g-j--- (alternatively) stacking sequence.

3. The effect of chemical treatment of jute fibre and infusion of chopped glass microfiber are also investigated in
this study. Both the chemical treatment of jute fibre and infusion of microfiber resulted in higher bending
strength in the fabricated hybrid composite panels. But the chemical treatment of fibre and microfiber infusion
does have insignificant effect on tensile strength and water absorption properties of hybrid composite panels.

4. The fabricated composite hybrid composite panels can be utilized as a replacement of conventional materials
in different structural applications.
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