[bookmark: _bookmark0]Effect of Ash Filler on Thermo-Mechanical Properties of Natural Fiber Reinforced Composites
[bookmark: Sudarshan M.L.1,*, Vaibhav N Poojary2, S]Sudarshan M.L.1,*, Vaibhav N Poojary2, Sukesh Anant Achari2, Dr. Sudarshan Rao K3
1Assistant Professor, Department of Mechanical Engineering, Vivekananda College of Engineering
and Technology, Puttur, Karnataka, India.
* Research Scholor, SMVITM, Bantakal.
2Student, Department of Mechanical Engineering, Vivekananda College of Engineering and
Technology, Puttur, Karnataka, India.
3Professor & Head, Dept. of Mechanical Engineering, SMVITM, Bantakal
categorize the composite based on high to low strength &

Abstract: As natural fiber composite materials are environmental friendly & economical, now a day’s most of the researchers & engineers started their researches on composites. Composites are low weight & high resistance to  corrosive which is another reason to use it in first place. Using graphical representation when component weight is critical select the natural fiber composites materials based on tensile test, compression test, HDT test, fire test, impact test & flexural test. The composite material which are tested in this study is produced by reinforced natural fiber such as sugarcane bagasse, areca husk, & coconut coir. The orientation of the reinforcement is discontinuous & random with matrix as epoxy & hardener varied amount (0, 5, and 10) % of ash is used as filler material to compare the heat & resistance of composites.
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I. INTRODUCTION

When two or more physically or chemically distinct material are combined, that results in better properties than those of individual components can be defined as composite material.
Constituents mixed must retain their properties without dissolving in each other. The two constituents are matrix and reinforcement, where matrix sticks the fiber reinforcement, give the component its shape and  determine its surface quality. The reinforcing phase provides the strength and stiffness. In most cases, reinforcement is harder, stronger and stiffer than the matrix. The reinforcement is usually a fiber or a particulate. Particulate composites have dimensions that are approximately equal in all directions.

Filler material are particles mixed to matrix to improve or gain certain property, make the product cheaper. In this paper we used ash as filler material to matrix improve the thermal resistance property. This study deals with effect of percentage variation of ash on mechanical & thermal properties of composite materials. These properties are very much essential to know the application, which help to

high to low resistance to thermal. These things can be achieved by Taguchi method. The natural fiber we are using here is areca husk, coconut coir & sugarcane bagasse. These fibers are used as reinforcement to components. Test conducted are tensile, compression, flexural, impact, HDT & fire test.

Fiber orientation & length to diameter ratio always play a major role in composite, length to diameter ratio is also known as aspect ratio. For long aspect ratio fiber must be continues & discontinues fiber gives short aspect ratio. In this experiment we are working under discontinues & randomly oriented reinforcement which is economical & less time consuming method.


II. MATERIALS AND FABRICATION

In this section raw material used for the fabrication steps of the composites are studied. Raw materials used are:
1. Natural fiber (areca husk, coconut coir & sugarcane bagasse)
2. Epoxy resin
3. Ash
4. Hardener

A. [bookmark: A. Materials][bookmark: A. Materials]Materials
The fibers are the reinforcement which is obtained naturally by local sources. These fibers are initially sun dried and cut into small piece.

[bookmark: B. Fabrication Process]In this study we used epoxy resin L12 & hardener K6 both mixed in in a ratio 10:1 respectively by weight. Due to this mixed ratio the linear chain epoxy gets converted into 3D cross linked chain by increasing property of resin.
B. Fabrication Process
In this experiment composite laminate of 0.5cm thickness of natural fiber (areca husk, coconut coir and sugarcane bagasse) was prepared by conventional hand lay-up technique. This mold is of size 37.5*37.5.

In first fibers are closed in small size according to length to dimensions ratio. In other hand die is cleaned and releasing agent/ grease/oil is applied to die. Now hardener and epoxy is mixed in 1:10 proportion in a container or bucket. Matrix and chopped fiber is mixed and poured to die which is already prepared. Pressure is applied equally from top and allow it for 24 hours.

To get high resistance to thermal property filler material is also used in 5, 10, and 15 %. The comparison of fiber is in container that is 15% matrix comparison varies according to filler percentage. After the fabrication obtained material is subjected to mechanical thermal and flexural tests.

III. Methodology
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Fig. 1. Methodology (flow chart).
IV. EXPERIMENT PROCEDURE

A. [bookmark: A. Tensile and compressive strength][bookmark: A. Tensile and compressive strength]Tensile and compressive strength
In this work both tensile and compression test is done with the help of universal testing machine according to ASTM D3039, results are compared by plotting the graph. The test specimen size was 100mm*15mm*5mm. 2mm/min is the strain rate conducted in 10 ton capacity UTM.
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Fig. 2: Tensile test arrangement.
B. [bookmark: B. Impact test][bookmark: B. Impact test]
Impact test
In this work Izod impact test according to ASTM standard D256-56 is performed to measure the energy absorbed by the material just before fracture. The specimen was fixed to vice so when the pendulum is released it must face the notched face. The energy absorbed was then recorded.
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Fig. 3. Izod impact test

C. [bookmark: C. Flexural strength][bookmark: C. Flexural strength]Flexural strength
Modulus of rupture or bends strength is the other two name of flexural strength. When the applied perpendicular to the horizontal work piece the resistance offered by the material to withstand bending load is termed as flexural strength. A rectangular cross-section work piece is fractured by using three point flexural testing machine.
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Fig. 4. Flexural strength testing.

D. [bookmark: D. Time to ignition][bookmark: D. Time to ignition]Time to ignition
Time to ignition test will help the composite to know the application area in fire hazardous field. It is nothing but resistance offered by the material, when it is exposed to constant heat flux.
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Fig. 5. Time to ignition test

V. Results and conclusion
[bookmark: A. Tensile strength]In the test three type of composites are prepared according to reinforcement and the ash filler is varied for all three composites (5%, 10%, and 15%).
A. Tensile strength
From the tensile strength of areca husk we can observe that we get maximum strength when the ash filler is 10% and lowest strength when the ash percentage is 0%.
This is also common for coir but the coir strength is high over all when compared to areca husk.
For sugarcane bagasse it is clear that we got highest strength at 10% and lowest at 15% for ash filler and also strength is low when compared to other two laminate.

Table-1: Tensile strength of specimens.
	Percentage of filler materials
	Coconut coir Young’s modulus(Mpa)
	Sugarcane bagasse Young’s
modulus(Mpa)
	Areca husk Young’s modulus(Mpa)

	0%
	11.8
	7.2
	19.2

	5%
	14.23
	9
	23.7

	10%
	31.905
	9.3
	30.46

	15%
	27.643
	4.5
	20.28
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Fig. 6. Tensile strength comparison.

B. [bookmark: B. Impact strength][bookmark: B. Impact strength]Impact strength
In this work we observed coconut coir can absorb more energy than other two composite that is at 10% ash filled material. Coconut coir had its lowest absorption of  energy, when no filler material is added. This highest and lowest of energy absorption was same for other two composites also. The energy absorption decreases after further addition of filler.
 (
Percentage of filler materials
Energy absorbed by Coconut coir(Mpa)
Energy absorbed by Sugarcane
bagasse(Mpa)
Energy absorbed by Areca
husk(Mpa)
0%
2
1.2
1.46
5%
2.3
1.9
2
10%
2.9
2.6
2.26
15%
2.5
2.2
2.13
)Table-2: Impact strength of specimens.
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[bookmark: C. Flexural strength]Fig. 7. Impact strength comparison.
C. Flexural strength
Flexural strength mainly depends on the length of the composite material as the length of matrix increases flexural strength decreases. In this work for the 10% filler material we get highest flexural strength and is decreases after further addition of filler material.

Table-3: Flexural strength of specimens.
	Percentage of filler materials
	Stress of Coconut coir (Mpa)
	Stress of Sugarcane bagasse
(Mpa)
	Stress of Areca husk (Mpa)

	0%
	60
	190
	134.4

	5%
	96
	220
	159.6

	10%
	112
	260
	210

	15%
	54
	220
	142.8
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[bookmark: D. Time to Ignition]Fig. 8. Flexural strength comparison.
D. Time to Ignition
To find the resistance offered to burn material when constant heat flux is applied time to ignition also increases of ash filler. Time to ignition also increases also coconut coir require the highest time to ignition then areca husk and sugarcane bagasse.

Table-4: Time for ignition of specimens.

	Percentage of filler
materials
	Ignition time for Coconut
coir(min)
	Ignition time for Sugarcane
bagasse(min)
	Ignition time for Areca
husk(min)

	0%
	6.42
	2.33
	4.27

	5%
	8.37
	5.25
	6.34

	10%
	10.05
	8.33
	9.25

	15%
	11.14
	10.16
	10.5
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Fig. 9. Time to ignition comparison.
We also observe
1) Thermal conductivity decreases as ash as filer material reinforced with composite.
2) Thermal expansion coefficient decreases in matrix.
3) It fails to come under UL-94V returns because when the fire ignited it takes more than 30 seconds to extinguish the flame.
VI. CONCLUSION
In this work various test were conducted for epoxy based natural fiber composite matrix. In general the addition of ash as filler matrix leads to weight, cost reduction and thermal conductivity property. Addition to this following conclusion can be drawn:
1) Composite when fabricated using traditional hand lay-up method is time conclusion and cost reduction process.
2) Tensile test of this work concluded that up to 10% filler material strength increase with addition of filler and further addition results is decreases in strength and coconut coir had highest strength than other two composites.
3) Impact test of this work also concluded that coconut coir absorbs highest energy when compared to other two composites.
4) Flexural test of this work concluded that flexural test completely depends upon length of the composite and it is highest for sugarcane bagasse composite.
5) Time to ignition test was concluded to find the thermal conductivity of the composites. It gives the increment of ash as filler decreases the thermal conductivity. For coconut coir we get highest time to ignite than the other two composites.
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