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ABSTRACT

Natural fiber or synthetic fiber can be utilized separately as reinforcing fiber in traditional composites. Sisal is a
natural fiber which possesses high strength to weight ratio, durability, ability to stretch in which they are primarily
used in applications where the materials must withstand extreme environments such as aerospace, automotive
industries. To enhance the natural fiber reinforced composite's (NFRC) mechanical qualities A sisal-glass hybrid
composite made from graphene was created using woven glass fiber. Glass and sisal fibers serve as reinforcement
materials, and epoxy L-12 serves as the matrix phase. The matrix is also injected together with reduced graphene
oxide (rGO). Chemical processing was used to remove the cellulose from raw sisal fiber. The compositions used
for the tests are (85% - 15%) with 0.5 weight percent, 1 weight percent, and 5 weight percent rGO added by
compression moulding process. In order to assess the mechanical qualities, tests for impact, hardness, and thermal

conductivity are performed.
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1 Introduction

Natural fibers extracted from plants have attracted a lot of attention for use as composite reinforcement.
These fibers have good reinforcement properties when used with polymer matrices and are made from
naturally renewable resources. Natural Fiber Reinforced Polymer (NFRP) Composites replace standard
materials owing to its low weight, high-ratio of strength to weight, and stiffness qualities [1]. NFRP is a
promising material in the aircraft and automotive sectors as an outcome of its alluring mechanical and
tribological properties. Natural fibres come in a variety of forms, which include the likes of jute, cotton,
sisal, kenaf, and more. The possibility exists for sisal fiber to replace synthetic fibres in the production of
environmentally friendly structural composites. High strength-lightweight, design flexibility, minimal
moisture absorption, corrosion resistance, dimensional stability, minimum finishing required are the
properties obtained from FRPs [2]. The leading markets for natural composite materials are the car sector,
which uses them in interior applications including door panels and trunk liners [3].

Hybrid composites are Blending one or more different types of fibres in just one matrix. Sisal and glass
fiber were used in this work as the reinforcing phase, and reduced graphene oxide (rGO) epoxy was used
as the matrix phase [4]. To create a hybrid composite, sisal, a natural fiber, is combined with glass, a synthetic
fiber, in a matrix epoxy. A potential reinforcement material for polymer composites is sisal fiber. Beyond
its conventional uses (ropes, carpets, mats, etc.), it may find use in the automotive and aerospace industries.
Sisal fiber is obtained from agave sisalana and it consists of 78% cellulose, 10% hemicellulose and 8% lignin.
The most popular man-made fiber, aside from natural fiber is glass fiber (GFs) due to their cheap price,
great mechanical performance, excellent heat resistance etc [5]. A number of people are interested in using
glass fiber to strengthen polymer matrices. Epoxies, polyester, and vinyl esters are the thermoset resins that
are most frequently utilized in automobile applications. Epoxy resins have more appeal in the automobile
industry since they are high performing and resistant to environmental deterioration. They may be the best

value for your money due to their wide range of mechanical properties. As a substitute for FRP composites,
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to enhance the physio-mechanical qualities, such as impact strength, hardness, and thermal conductivity,
graphene oxide (tGO) is fused with epoxy resin [0].

By using chemical processes including bleaching, steam explosion, and alkaline treatment, the cellulose
found in natural fibers was removed [7]. The composites are made using a compression moulding process
with four distinct matrix-cellulose weight percentages: 85-15, 0.5, 1, and 5%. These ratios' mechanical
characteristics are looked into. The stainless-steel mould being utilized has a capacity of 200x200x3mm.
According to ASTM standards, mechanical qualities including impact resistance and hardness as well as

heat conductivity were studied.
2  Materials Used
2.1  Fibers used

Raw sisal fiber for cellulose extraction or reinforcement preparation were purchased from Chennai shown
in figure 1 and Glass fiber used is in the form of woven mat figure 2. Peculiarities of sisal fiber is mentioned
in the table 1 [8§].

Figure 1: Sisal fiber Figure 2: Glass fiber

Table 1: Pecularities of Fiber-Sisal

Properties Values
Density 1.450 g/cm’
Diameter 100-300 pm
Cellulose 65%-78%
Hemicellulose 10%-14%
Lignin 9.9%

2.2  Chemicals used

The chemicals used for cellulose extraction of fibers are Sodium hypochlorite, NaOH, Acetic acid. These
chemicals are used for preparing solutions for alkaline treatment and bleaching process for the extraction
of cellulose and lignin content from the sisal fiber.

The resin used is epoxy (Lapox) L-12. The hardener used is tri ethylene tetra amine (TETA), often known
as K-6.

3  Chemical treatment
3.1 Alkaline treatment

Alkaline treatment is carried out with 5% of NaOH for 2 hours at room temperature. The alkaline mixture
is prepared by adding 20g of NaOH pellets dissolved in 500 ml of water in 4 beakers. 50-100g of fibers

were soaked in each beaker as shown in figure 3 [9]
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3.2 Steam explosion

Steam explosion process is to remove hemicellulose and lignin content in the fibers. It is carried out in
autoclave machine. The alkali treated fibers were placed on autoclave for 1 hour at 10lbs pressure at room

temperature of 100°c
3.3 Bleaching

This process is done by preparing two solutions that is solution A and B. To prepare solution A, 26g of
NaOH is mixed with 73.5g acetic acid which is then added to 900ml of water. The solution B is made by
dissolving 250ml of Sodium Hypochlorite solution in 750ml of water. Then both the mixtures A and B are
taken out by 1:1 ratio and then the fibers are dipped in it shown in figure 3. The fiber turns white color

when the hemicellulose parts are removed shown in figure 4.

Figure 4: After bleaching process
4  Composite preparation
Compression moulding is used to manufacture the composite in the ratio of 85%-15%. This method is

efficient and frequently used for thermoset polymer composites with fiber reinforcement [10]. Neoplast's

compression moulding machine was used for the compression moulding figure 5.

Figure 5: Neoplast compression moulding machine
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The mould used is having a dimension of (300x300x3) made up with the stainless steel is shown in figure
6. The stainless-steel mould is used because it has a propensity to oxidize in areas with high humidity and
warm climates, leading to parting-line degradation and pitting of the moulding surfaces. In these
circumstances, stainless steel mould materials are mostly employed. Fabrication of composite was held at
Central Institute of Petrochemicals Engineering & Technology (CIPET) Kochi.

Figure 6: Stainless steel mould

The sample is prepared by using the reinforcement and epoxy resin. The hardener K-6 and reduced
graphene oxide is added with the resin at three distinct compositions 5wt%, 1wt%, and 0.5wt%. After
pouring the initial layer of epoxy into the mould, reinforcement sisal-glass is added and dispersed over the
layer of epoxy matrix. The reinforcement is covered with the last layer of epoxy mixture once more. Closing
the mould and applying automated compression pressure. The layout of compression moulding machine is
shown in figure 7. Effective compaction requires the application of 83.5 bar pressure for two hours. The
same procedure is used to prepare all of the composite’s figure 8. The composition of the composites is

shown in table 2.

Table 2: Sisal-glass-epoxy composites' composition

Composition of sisal-glass—epoxy composites
SINO | Epoxy Hardener Reduced | Sisal Glass fiber (g)
graphene | fiber (g)
® ® |
oxide (g)
1 120 30 - 32 22
2 120 30 75 32 22
3 120 30 1.5 32 22
4 120 30 7.5 32 22
Proceedings DOI: 10.21467/proceedings.160 Series: AR Proceedings
ISBN: 978-81-965621-9-9 508

ISSN: 2582-3922


https://doi.org/10.21467/proceedings.160

Sooraj et al., AIJR Proceedings, pp.505-513, 2023

Upper plate
Mold
Lower plate
Main hydraulic
cylinder

Figure 7: Compression moulding
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Figure 8: Prepared sisal-glass-epoxy composites

Proceedings of the 2" International Conference on Modern Trends in Engineering Technology and Management (ICMEM 2023)

509



Effect of Graphene Addition on Sisal-Glass Epoxy Composite

5 Mechanical Characterization
5.1 Hardness

The materials ability to resist surface deformations is directly associated with hardness. Hence it is essential
to undertake hardness test on the fabricated samples to evaluate the degree of wear and tear on the surface.
The hardness test was conducted by using Mitutoyo hardness durometer which has a pyramid shaped
indentation pin to check the hardness of the sample. Shore hardness are mainly used for testing the materials

like soft rubbers, rigid plastics, elastic materials.
5.2  Impact testing

Izod impact testing equipment was used to determine the samples' impact resistance. Samples are made in
compliance with ASTM D 256 specifications for the impact test. After being fastened onto the fixture for
impact test is one in which the specimen is permitted to be impacted by the pendulum while having the

serrated side facing to the pendulum's hitting edge.
5.3 Thermal conductivity

The capacity of a substance to transport heat from one type of heated end to a distinct type of unheated
portion of the same substance is known as thermal conductivity. An oil burner is employed to test thermal
conductivity of the samples. The burner's flame came into touch with one edge of the test samples and the

temperature of the sample bat's heated and nonheated edges was determined by using a thermometer [4].
6 Result and Discussions
6.1 Hardness test

Table 3: Hardness Test Readings

Shore D hardness

Sample

E85SG15 69

E85SG15 + 0.5 wt.% rGO 72
73

E85SG15 + 1 wt.% rGO

E85SG15 + 5wt.% rGO 76

The Shore (A) hardness was conducted by Mitutoyo hardness durometer. The tester was positioned
vertically and the samples were placed on a horizontal platform. An average of three readings was recorded
when the Durometer's pyramid-shaped indentation pin was pushed on the specimen and the pressure foot
stayed parallel to it. Samples of dimensions 30X30%X3 mm are prepared to conduct the hardness test. The
hardness value was obtained and average value of each sample is taken as shown in table 3.

In comparison to other compositions, the composite with 5 weight percent tGO has the highest hardness
rating. The harder samples are those with higher levels of reduced graphene oxide. The variation of the

results is plotted in figure 9.
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Figure 9: Hardness of composites
6.2 Impact testing

Using an Izod impact testing machine, a notched Izod test was performed to examine the impact properties
of specimens. Samples of dimensions 65X13%X3 mm with a v notch exactly at the center are to be prepared

to conduct the impact test. The average value of each sample is shown in table 4.

Table 4: Impact Test Readings

Sample Izod impact strength (kj/m?)
E85SG15 3.54
E85SG15 + 0.5 wt% rGO 3.87
E85SGI15 + 1 wt% rGO 3.79
E85SG15 + 5 wt% rGO 4.26

The composite highest impact strength was obtained for the composites with 5wt% rGO 4.26 kj/m?2 The
sample lacking tGO has the weakest influence. The sample prepared with 0.5wt% rGO has a higher impact
strength than the sample prepared with 1wt% rGO. The obtained results are represented in figure 10.

Izod impact strength

0 ‘ | | |

without rGO 0.5 wt% rGO 1 wt% rGO 5 wt% rGO
Composition

N W b

I1zod impact strength (Kj/m2)

W impact strength

Figure 10: Impact strength values
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6.3 Thermal conductivity

The sample's heat conductivity was measured using a thermometer. After heat for 1 minute, the heated
portion of the composite without tGO was discovered to be 79 °C, as opposed with the non-heated side's
34 °C. The heating time was also prolonged by two minutes throughout the test. The specimen under test,
which wasn't made utilizing +GO, had a temperature difference between the heated and unheated ends.
The temperature difference between the heating and unheated ones ends of the mixed samples made with
rGO (0.5 wt.%, 1 wt.%, and 5 wt.%) was measured using a similar technique. The blended sample with 5%
rGO exhibited the highest thermal conductivity, at 90.9%, in accordance with the test results in table 5.

Table 5: Thermal conductivity comparisons of samples

Samples
Without rGO 0.5 wt.% rGO ‘ Iwt%rGO | 5wt.%rGO
After heating for 1 minute
Heated end (°C)
79 70 71
73
Non-heated end (T1) in
°O) 34 37 41 47
After 2 min of heating
Heated end (°C) 91 101 109
103
Non-heated end (T2) in
°O) 45 52 57 68
Difference,
T3 =(T2-T1) in (°C) 11 15 21
16
Conductivity increased
when compared to
sample without rGO (T3 | 0% 36.36% 45.45% 90.9%
— T4/ T4 x100%)

7  Conclusions

Samples with varying percentage of Reduced graphene oxide were prepared and these inferences were made

based on the test results.

e The sample made with 5 weight percent of tGO had the highest hardness strength, measuring 76
N/mm?.

e Sample containing 5wt.% or rGO has the highest impact strength and lowest value was recorded

for sample without rGO.
e The thermal conductivity of the composite containing 5 weight percent rGO was higher, at 90.9%.

e The mechanical qualities of the composite can be improved by the inclusion of reduced graphene

oxide.
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