Mechanical Act of Usual Fibre Reinforced Composites Considering Fly-Ash Customized Moulds
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ABSTRACT
In recent time the availability as well as suitability in diversified usages of usual fibre reinforced polymer composites in compare with synthetic fibre based polymer composites has been greatly experienced. The greatness of ordinary fibre reinforced polymer composites lies in its eco-friendly aspects. Among various fibres, jute is considered extensively functioning natural fibre in the market on behalf of the traits like ease of accessibility, reasonable mechanical attributes, under budget, trivial solidity, cheap fabricating value, etc. The effort is based on the observation concern to mechanical aspects of jute fibre reinforced epoxy composites taking fly-ash makes the filler. The jute fibre epoxy composites have been fabricated on diversifying the fibre contents of value 0, 5, 10, 15 and 20 weight % along with packing contents of 2 weight % respectively, on implementing simple hand lay-up method. The jute fibres were used without any alkali treatment in the epoxy composites and length of the fibres were 6mm. The fly-ash used was of the size of 0.5 to 300 micron. Consequently the fabricated unit taken up for passing through certain investigation like the physical aspects of the composite which includes tensile potency, impact power, hardness and other inherent issue like water absorption test. There is a nil fibre reinforced composite considered for standardising observational values.
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I. INTRODUCTION

Green composite with resin matrix and natural fibres as reinforcements are used for many experiments. Natural fibres like coconut shell [1], Jute [2,4] Satin fibre [9], Wooden flour [15] are used because they are light and strong. Recent developments in composites [6] shows they have different uses like Ecological design of automobile [4], oxygen resistant materials [17], electrical insulation and thermal conductivity materials [16] and many others. Previous developments on composite shows the use of artificial fibres like cellulose blast fibre [8], carbon fibres [9,10,11,12] glass tubes[16].The use of biodegradable resin shows no negative effect on environment because the end product will be co2 and water. In order to enhance the potency of composite supplementary and to fill the voids nano-fillers such as flyash [1], Zno and Tio2 [2], graphite nano-platelets [10] are used.

The composite does not have any negative impact on environment because its main component is jute fibre extracted from natural jute after processing [2]. The wastes of jute can also be used effectively to produce composite increasing its economic value. For complicated shapes compression moulding can be used. Further-more a proper binder necessary towards augmenting features like solidity, water resistance, brittleness, and other aspects of the composite. So to solve this issue we used biodegradable resin [1-3]. There are a number of functional domains where jute fibre is unreasonably adopted because of its ease of accessibility, under budget, significant physical stability value. Therefore this project is environment friendly and saves resources by utilising waste materials.
In this study, by using flyash with uniform particle size, jute fibers with uniform length and the biodegradable adhesive, several specimens were created by changing the ratio of those materials.Specimens were produced by using compression moulding at the room temperature. With regard to our natural composite, small quantities of biodegradable resin are used and the matrix consists of the resin with a mixture of fly-ash. The biodegradable resin is coated on jute to improve the water resistance and is also used to strengthen the adhesion of jute to improve the strength. The effects of biodegradable adhesive and jute fibres on the change in hardness and impact strength have been estimated via the physical characteristics of the composite. Therefore Tensile strength test, Charpy impact test, Rockwell hardness test made under some conditions was examined. In addition the specimen water absorption capacity was examined. From the experimental results, adhesive along with jute fibre consequences upon the total power of the proposed composite were clarified.

II.	EXPERIMENTAL INVESTIGATIONS

A. Composite Fabrication

Keeping the current standards as pivot, the effort passed on with producing a mould box of magnitude 165×60×10 mm. Again the mould box comprising of plywood as ground surface along with 10mm wood pieces holding side boundary. Finally the wall of the unit wrapped with Berger putty in order to resist the seepage of epoxy resin. The tentative pictorial view of the box has been mentioned underneath.
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Fig.1 Pictorial view of Mould Box Epoxy Resin with Hardener


On behalf of the functional execution, there is sprinkling of mould occur for promoting comfortable withdrawal of composite out of the mould after the successful curing process.  There may be either a mould spray or discharging unit can be installed on behalf of smooth withdrawal of the composite out of the mould next to the curing process. Then the epoxy B11 as well as the corresponding hardener k6 is combined considering weight as standard in the ratio of 10:1 which has confirmed by Atul Chemcials Pvt. Ltd. After that it has observed both materials i.e. stuffing and fibres specifically combined within the resin of epoxy content on behalf of reducing the ambient oxygen inclusion. Composites of various compositions with different fibre content of (5, 10, 15 and 20) wt% were prepared along with filler content of 2 wt% respectively. The mould is then covered and 5kg of load is applied over it. Consequent to this, keeping the temperature at room temperature magnitude, the prepared arrangement exposed for 24 hours to cure followed with 24 hours exposure to ambient air. Lastly the preparation has been made considering preferable specimen outer profile as per ASTM standard for different mechanical experimental observation. A complete description as well as composites built up of has clarified underneath;
Rule of mixture: The rule of mixture was used for the calculation of different fibre percentage for the composite. 
			
And		

The volume fraction of fibre has been calculated by rule of mixture.

TABLE 1
Composition of composites
	Composites
	Epoxy resin(wt%)
	Fibre (wt%)
	Fly ash (wt%)

	C1
	Epoxy (93 wt%)
	jute fiber length 6mm (5wt%)
	2%

	C2
	Epoxy (88 wt%)
	jute fiber length 6mm (10wt%)
	2%

	C3
	Epoxy (83 wt%)
	jute fiber length 6mm (15wt%)
	2%

	C4
	Epoxy(78 wt%)
	jute fiber length 6mm (20wt%)
	2%

	C5
	Epoxy(100 wt%)
	Jute Fibre(0 wt%)
	0%







B. 	Mechanical tests

Tensile Test (ASTM D 638):

In present investigation tenacity description of 165 x 13 x 7 mm matching to ASTM-D-638 with 50 mm per minute cross head dynamicity, and gauge length 50 mm via UTM(INSTRON, UK 3382) respectively.
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Fig.No.3 Tensile Test Specimens 		     Fig. No.4 Tensile Test Specimen Nomenclature


Tensile strength is calculated by using following formulas:
Tensile Strength (MPa)=Force(Load)(N) / Cross Section Area (mm2)
Tensile Strength at Yield(MPa) = Max. Load recorded (N) / Cross Section Area (mm2)
The specific stress-strain curve plot has referred for the assessment of tensile modulus and elongation values. The evaluation of percent elongation at yield is carried out provided its value is superior than the value estimated at break point.
Tensile strength has estimated considering the underneath mathematical expressions:
Strain can be defined as, Change in Length (elongation) / Original Length (gauge length)
Elongation magnitude at yield: Δ L = ε (the value at the yield point) * L on the X-axis

The percentage elongation found at yield = Δ L * 100
The starting longitudinal segment mentioned in the load extension curve with separating stress difference Tensile modulus (the modulus of elasticity) is determined by extending the initial linear portion of the load-extension curve and dividing the difference in stress obtained from any segment of section on this straight line by the corresponding difference in strain, expressing the result in the unit of Mega Pascal (MPa).

Charpy Impact test

This very test will be executed for the awareness about the material stiffness. Throughout the experimentation, samples will be exposed to a greater quantity of force for a very limited time period. The indication of greater impact strength pointing out for any material, the higher amount of impact strength indicates that it can absorb a large amount of energy before failure. As the impact energy increases the toughness of material increases and its plasticity will be also large. In present investigation notched charpy impact strength of the specimens of dimensions 55x12.7x3mm was evaluated as per ASTM-E-23 with a notch depth of 2.54mm and notch angle of 45°. Minimum of three tests were performed for each composite sample average and corresponding standard deviation of these measurements is reported. The impact strength is calculated by dividing the impact values obtained from the scale by the thickness of the specimen. One point indicating the advantages of the Charpy test over an Izod test is that the specimen does not have to be clamped; therefore, it is free of variations in clamping pressures.   

Rockwell hardness test

Hardness is defined as the resistance of a material to indentation, penetration, scratches, deformation and particularly, permanent deformation. Hardness is purely a relative term. Hardness of materials is impressed in number scale; so it has no unit. ASTM D 785: Standard Test Method for Rockwell Hardness of Plastic and Electrical insulating materials.

Rockwell hardness test is most commonly used for relatively hard plastics. It is defined as the resistance to indentation of the standard indenter. In Rockwell hardness A standard specimen is placed on the surface of the Rockwell Hardness tester. A minor load is applied and the gauge is set to zero. The major load is applied by tripping a lever. After 15 seconds the major load is removed. The specimen is allowed to recover for 15 seconds and then the hardness is read off the dial with the minor load still applied. Rockwell hardness is measured in R, L, M, E and K scales. The scale represents indenter size, major load and dial scale.

III.	RESULT AND DISCUSSION

Mechanical characteristics of composites

In the present study, the observation concern to tensile strength, flexural impact and hardness have been accomplished for assigning the mechanical attributes of the epoxy based treated jute fibre and fly ash powder composites. Thereafter the mechanical features of composites considered for the comparison issue with those of neat epoxy resin.
Tensile Strength
The universal testing machine model - INSTRON 3382 
Tensile testing parameters – specimen dimensions – width 12.7mm 
Total length – 165mm, Gauge width – 20 mm, Thickness – 4mm 
Tensile strength = force (N)/original cross section of the sample (mm2)  
Tensile speed - 50 mm/min

It has observed that with the corresponding rise in the fibre and amount up to the inclusion of 10% in weight magnitude, the tensile strength of composites rises. But additional rise of fibre amount decreases the strength magnitude. Primarily the reduction in strength is because of ineffective adhesion among epoxy and fibre. Since there is a rise in fibre amount, collection of the same rather spreading of the fibre has been observed. It has also been monitored that resin is unable to enter between the two adjacent fibre layers.   Apart from the above causes, diminishing in the tenacity magnitude may credit to micro bubbles which rise during processing.  


TABLE 2
Tensile strength test outcomes of specimens.
	Sl. No.
	Specimen Composition
	Tensile Strength(MPa)

	C1
	Epoxy (93%)+Fibre(5%)+Fly ash(2%)
	47

	C2
	Epoxy(88%)+Fibre(10%)+Fly ash(2%)
	52

	C3
	Epoxy(83%)+Fibre(15%)+Fly ash(2%)
	45

	C4
	Epoxy(78%)+Fibre(20%)+Fly ash(2%)
	36

	C5
	Epoxy(100%)+Fibre(0%)+Fly ash(2%)
	84


	
Histogram No.1 Tensile Strength Test of Specimens
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Fig.-3 Stress ~ Strain Curve with 5wt% Fibre

Impact Strength

Based on ASTM-D-256 implementing impact observations continued upon composite samples based on ASTM D 256 considering impact tester. Considering the pendulum impact carrying out devise, the notch impact potency concern to material shows crushing the U notched sample via one pendulum mallet, estimate the exhausted power, in addition to describing it to the cross section of the sample. The benchmarking of sample for ASTM E 23 experiences 64.5 × 12.7 × 3.0 mm with depth of the notch measures 2.5 mm.


TABLE NO. 3
Result of impact strength test of specimen
	Sl. No.
	Specimen Label
	Energy Absorbed(J)

	C1
	Epoxy (93%) + Fibre (5%) + Fly ash (2%)
	40

	C2
	Epoxy (88%) + Fibre (10%) + Fly ash (2%)
	352

	C3
	Epoxy (83%) + Fibre (15%) + Fly ash (2%)
	264

	C4
	Epoxy (78%) + Fibre (20%) + Fly ash (2%)
	68

	C5
	Epoxy (100%) + Fibre (0%) + Fly ash (0%)
	42




There is an absolute enhancement relating to impact strength on behalf of amalgamation of jute fibres and fly ash has been minutely observed. The impact strength gradually increases by increasing the jute fibre and fly ash contains. The composite of C2 shows the highest impact strength as compare to others. The energy absorption increases up to the 10wt% of fibre and then decreases considerably.

Rockwell Hardness

In designating the fact against hardness, it confirms obstruction towards penetration or poking. It also exhibits plastic distortion of the matter. As per the investigation evidence filling mass percentage certainly influences the hardness magnitude relating with composite matter. The fraction of fly ash along with jute fibres estimated on Rockwell scale relating to the composites have been summarised in the table underneath;
All the hardness tests were conducted at 60kgf load.		






TABLE 4 
Result of Rockwell hardness test of specimen.

	Sl. No.
	Specimen Label
	Rockwell Hardness(R-Scale)

	C1
	Epoxy (93%) + Fibre (5%) +Fly ash (2%)
	66

	C2
	Epoxy (88%) + Fibre (10%) + Fly ash (2%)
	83

	C3
	Epoxy (83%) + Fibre (15%) +Fly ash (2%)
	68

	C4
	Epoxy (78%) + Fibre (20%) + Fly ash (2%)
	58

	C5
	Epoxy (100%) + Fibre (0%) + Fly ash (2%)
	86




CONCLUSION

The jute fibre reinforced epoxy composites experimental investigation draws out significant physical features. The setting of jute fibre reinforced epoxy composites along with diverse filler contents considered feasible because of productive accomplishment of simple hand lay-up technique. The observations concern with mechanical attributes significantly improve, due to reinforcement of jute fibre and fly ash in the epoxy resin. Attributes like hardness and tensile strength relating to composites enhances with the rise in jute fibre along with fly ash contents up to 10 wt% of jute fibre. On the other hand additional rise in reinforcement decreases composite rigidity. And as a matter of fact the very reduction value is on behalf of inappropriate adhesion between fibre and epoxy. Further, composites impact rigidity enhances with the rise in jute fibre and fly ash contents up to 10wt%. The water absorption capacity is directly dependent upon the jute content in the composite. Following which the 5wt% jute composite showed least amount of water absorption where as the 15wt% jute composite showed highest amount of water absorption. In a nutshell the investigation not only enhanced interfacial attachment drawn out of superior adhesion among fibre and matrix but also successfully yields advanced mechanical attributes as well as fibre potency make out fewer fibres withdrawn.
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