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Abstract

Composite materials are a combination of two or more different components which generate a substance with performance
characteristics exceeding those of individual ones. Natural fibre based composites are gaining attention these days. Natural fibre
reinforced biodegradable composites are good alternatives for conventional materials due to cheaper cost, eco-friendly,
recyclable and bio degradability. Jute fibre of different lengths is selected and it is mixed with natural rubber by allowing it to
pass through roller mills. The different lengths of jute fibre selected are 5mm, 10mm and 15mm. Mechanical properties such as
ultimate tensile strength, tear strength, swelling and hardness characteristics of the composites are tested. The results of the
different tests show that the properties may vary with change in length of the jute fibre. Best result for curing time and tensile
strength is obtained for 5mm mixture. Best result for tear test and swelling test are obtained for 10mm mixture. Maximum
hardness is given by 15mm mixture. Characterization of the best specimen and jute fibre are examined using the SEM image.
Thus from the result jute fibre has demonstrated its potential to be used as a filler in natural rubber.
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I. INTRODUCTION

Polymer Matrix Composite (PMC) materials are an emerging class of materials. They play a key role in so many applications
like aerospace industry, automobile industry, construction and in other engineering applications. PMCs are usually reinforced
with fibres or granules of Nylon 66, Kevlar 49, glass, carbon etc. to impart better properties. The ecological concern has resulted
in a renewed interest in natural polymeric materials. Natural fibre-reinforced polymer composites have gained attention among
materials scientists and engineers in recent years due to the need to develop an eco-friendly material and partly replace currently
used synthetic fibres in fibre-reinforced composites. The fibres so far investigated and employed in the polymer matrix includes
sisal, isora, henequen, hemp etc and are proved to be a better replacement of artificial fibres. The current research has established
the fact that jute have not been utilised as reinforcement in composite materials until today. So it is decided to fabricate a new
PMC with jute reinforcement. Here Natural Rubber is choosen as the matrix material because it is one of the most widely used
polymer and it’s the one which finds the most number of applications. A composite material (also called a composition material
or shortened to composite, which is the common name) is a material made from two or more constituent materials with
significantly different physical or chemical properties that, when combined, produce a material with characteristics different
from the individual components. The individual components remain separate and distinct within the finished structure. The new
material may be preferred for many reasons: common examples include materials which are stronger, lighter, or less expensive
when compared to traditional materials.
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Il. OBJECTIVES

— Todevelop the jute fibre reinforced natural rubber composite material
— To analyze the mechanical properties like tensile, tear, hardness and swelling properties.
— Characterization of fibre and best selected samples.

-A. Fibre Preparation

I11. EXPERIMENTAL PROCEDURE

The fibres are uniformly cut into sets of lengths 5mm, 10 mm and 15 mm of each weighing 20 grams for each 100 gram of

natural rubber.

B. Preparation of Composite and Test Specimen

The fibre was mixed with rubber on a laboratory by two roll mixing mill with size 150 X 300 mm as per ASTM at a friction ratio
of 1:1.25. The mill opening was set at 0.2mm. The nip gap, mill roll speed ratio and number of passes were kept the same in all
mixes. The compounding ingredients were added in the exact order.

Table - 1
Chemical Compositions

€. Moulding Procedure

Ingredients Weight in grams
Zinc oxide 5
Stearic Acid 2.5
Trimethyl Dihydroxy Quinoline 1.0
Cyclohexyl Benzothiazyl Sulphenamide 0.5
Sulphur 2.5

The fibres were incorporated at the end of the mixing process. The samples were milled for sufficient time to disperse the fibres
in the matrix at a rollmill opening of nip gap 1.25 mm. The stock was sheeted out after complete mixing. The homogenization
was done by passing the rolled sheet six times endwise through the tight nip gap of 0.8mm and finally sheeted out at a nip gap of
3mm. The test specimens for determining the physical properties were prepared in standard moulds by compression moulding on

an electrically heated hydraulic press at 150°C.

A. Tear Test Results

IV. RESULT

This property was tested as per ASTM D 624-81 test method, using un-nicked 90° angle test specimens which were punched out
from the moulded sheets, along the mill grain direction. This test was also carried out in the Zwick UTM, at a cross head speed

of 500 mm per minute and at 28°C.

Table —2
Tear Test Results

Sample | Thickness (mm) | Maximum Load (N) | Tear Strength (N/mm)
Pure Rubber 1 2.66 74.59 28.04
2 2.67 62.72 23.49
5mm Sample 1 2.65 81.52 30.76
2 2.65 79.45 29.98
10mm Sample 1 2.63 77.59 29.50
2 2.64 88.59 33.56
15mm Sample 1 2.63 81.46 30.97
2 2.64 81.75 30.97
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Specimen 1 to 2

Tear Stregnth (N/mm)

Load (N

Fig. 1: Tear Strength V'S Load Curve for best sample 10 mm

The graphs are plotted by taking Load (N) in the X axis and Tear strength (N/mm) in the Y axis in Fig. 1. By analysing the
table and graph, maximum load is given by 10mm composite and maximum tear strength is obtained for 20mm composite.

B Tensile Test Results

Specimens with 5 mm, 10 mm and 15 mm raw fibres are made and analysed in the primary stage. From this 4 composites, the
one which gives the optimum result is determined. The factors affecting the mechanical properties of short fibre composites are
related to the aspect ratio, volume fraction, fibre orientation, state of dispersion and the degree of adhesion to the matrix. These
factors are again influenced by the additives or bonding system. The main tests that are carried out to estimate the mechanical
properties includes Tensile, Tear and Hardness.

Table -3
Tensile Test Results
Pure Rubber Thickness (mm) | Tensile strength (MPa) | Load at break (N) | %Elongation at break | Young’s Modulus
1 2.53 12.13 87.39 419.78 12.37
2 2.67 12.17 97.48 400.12 12.05
Rubber with 5mm fibre | Thickness (mm) | Tensile strength (MPa) | Load at break (N) | %Elongation at break | Young’s Modulus
1 2.60 13.49 105.23 410.55 10.59
2 2.68 13.93 111.98 418.64 9.52
Rubber with 10mm fibre | Thickness (mm) | Tensile strength (MPa) | Load at break (N) | %Elongation at break | Young’s Modulus
1 2.64 12.44 98.56 421.14 8.99
2 2.53 11.68 88.66 420.19 8.90
Rubber with 15mm fibre | Thickness (mm) | Tensile strength (MPa) | Load at break (N) | %Elongation at break | Young’s Modulus
1 2.46 12.85 94.85 513.66 8.29
2 2.56 11.48 88.17 334.98 10.88
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Specimen 1 to 2

Torsile stress (MPa)

Fig. 2: Tensile stress VS Tensile strain curve for best sample (5mm sample)

The graphs are plotted with Tensile Strain (%) as X axis and Tensile Stress (MPa) as Y axis in Fig. 2. By analysing the table
and the graph, maximum tensile strength is exhibited by the composite having 5 mm fibre. Maximum modulus is also shown by
the same composite, but % elongation at break is maximum for the composite with 15mm fibre.

. Swelling Test Results

Weight comparison before and after Swelling test:
Table—4
Swelling Test Results

Specimen Weight of Specimen | Petrol (gm) | Diesel (gm) | Kerosene (gm)

Pure Before 2.020 2.000 1.995
After 6.380 5.775 5.300

5mm Sample Before 2.010 2.020 1.985
After 6.710 5.745 5.110

10mm Sample Before 1.985 1.995 2.005
After 5.840 4.985 4.450

15mm Sample Before 2.000 2.010 1.995
After 6.245 5.295 4.590

Table-4 shows the weight comparison of specimens by keeping them in corresponding solutions for 48 hours. From the table,
it is inferred that composite with 10mm fibre absorbs less amount of solvents like petrol, diesel and kerosene. So for applications
involving contact with these solvents, composite with 10mm sample is more suitable.

£ Hardness Test Results

Table -5
Hardness Test Results
SI No Rubber Hardness Number
Mode
Pure 30 34|35 35 35

With 5mm fibre | 48 | 49 | 52 | 48 48
With 10 mm fibre | 52 | 54 | 52 | 52 52
4 With 15 mm fibre | 54 | 56 | 56 | 56 56
Hardness Number of specimens in different points are shown in the Table-5 after conducting hardness test using durometer.
Maximum hardness is observed for composite having 15mm fibre, because of the even distribution of the long fibres along the
length of the specimen. For applications which demand high hardness, composite with 15mm fibre is preferred.

WIN |~
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E. Scanning Electron Microscopy Image Analysis
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Fig. 4: SEM Image of Raw Jute Fibre

The fracture surface of jute fibre reinforced natural rubber composites are shown in Fig. 3. It can be seen from the image of
fracture surface that the fracture is of ductile type with appreciable plastic deformation. It can be inferred from the SEM image
that bonding between the jute fibre and the rubber matrix is up to the mark. Fig. 4 shows the SEM image of a raw jute fibre and it
can be inferred from the image that the fibre does not contain any surface defects or internal cracks.

V. CONCLUSION

The jute fibre has demonstrated its potential to be used as a filler in natural rubber. The incorporation of fibre into rubber matrix
increases the hardness of the composites, which is related to strength and toughness. The close packing of fibres in the compound
increases the density while resilience decreases. The properties are improved by the incorporation of jute fibre. This assures that
an effective treatment and a high precision manufacturing can impart a much improvement in the mechanical properties. The
properties vary with change in their length. Best result for curing time and tensile strength is obtained for 5mm mix as
13.93MPa. Best result for tear test and swelling test are obtained for 10mm mix. Maximum tear strength is 33.56N/mm.
Maximum hardness is 56 Shore A which is given by 15mm mix. Properties of the newly fabricated jute fibre reinforced
composite is compared with that of currently used composites and it is understood that the jute fibre reinforced composite
provides the superior properties than the existing composites. So this will be a promising material. Also this will be a cost
effective economy class material with superior properties. Jute fibre reinforced natural rubber composite can successfully replace
the fibres that are adopted so far in the rubber matrix.
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