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The glass fiber provides lots of health problem during its production and testing. Our aim is to replace the glass fiber by
natural fiber that will survive for an automotive industry by easily recycling and excellent strength to weight ratio. This work
is the investigation of the hybrid composite by reinforcing it with flax, Luffa fiber & sisal fiber. Also in this work, the natural
fibers are treated to remove the impurities and increase the bonding strength and tensile strength. The mechanical and
physical properties for the above hybrid composites are investigated.
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Introduction

Natural fibres supports for healthy environment.

Plant fibres, cotton, wool and other natural fibres are

the sustainable resources and they are renewable and bio-

degradable. Natural fibres are durable, less expensive

and more readily available. These fibres are available

in plenty and also gives high mechanical properties when

chosen as the reinforcing elements for the composite

laminates. The new innovative materials developed

because of the demanding consciousness on the flexibility

in the product, eco-friendly design and environmentally

friendly design are studied [1]. The relationship between

the frequency, temperature and effect of fibre loading

of natural fibre reinforced composite materials and

their dynamic mechanical analyses are carried out [2].

The minimization of fibre degradation technique

fabricated for the sisal fibre reinforced composites and

its applications are developed [3]. One dimensional heat

conduction equation are analysed for the speciments

manufactured using resi transfer molding techniques

[4]. The long fibres produce effective strength and are

found to be satisfactory when they are used as reinforcing

elements prepared by compression molding technique

[5]. 

The epoxy based composite are analysed for its

mechanical properties and microstructural characteristics

by several researchers for several applications and it is

observed that there is a huge scope for the investigations

of epoxy based composite materials in the future [6].

The morphology and mechanical properties such as

thermal resistance are investigated for the study of the

effect of the fibres in the reinforcement phase for the

composite materials [7]. The strength, fracture toughness,

compatibility of the natural fibre composite are analysed

for the selection of best fibres for the natural fibre

reinforced composites [8]. The wood is used as a natural

fibre reinforcement for fabrication of a epoxy based

composite to investigate the tensile, flexural and dielectric

properties of composites [9]. Investigations are carried

out for the novel composite material reinforced with

banana and kenaf fibre reinforcements for analyzing its

tensile properties [10]. Fiber-matrix compatibility is

studied for its effects in terms of surface energy and

mechanical properties for a composite materials [11].

The optimization of drilling parameters on natural fibre

reinforced composites using central composite design

is carried out [12]. The epoxy based composite are

tested for the mechanical properties and analysed using

ANOVA and Taguchi analysis [13]. The epoxy based

composite materials will provide high tensile, hardness,

flexural and impact properties. The various types of

fibres reinforced with epoxy based composite materials

are discussed. The influence of copper ocide and silver

nano tubes are demonstrated for its mechanical properties

[14]. Optimization of the machining process parameters

for the composite materials is discussed and analysed

using design of experiments. Grey relational analysis is

carried out to determine the optimal process parameters

and the mathematical models for the responses are

developed and validated [15, 16]. Response surface

methodology is employed for determination of the optimal
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parameters in epoxy based natural fibre reinforced

composites. Also metal matrix composites are used in

several applications. Machining of these composites is

becoming a challenging task and hence studies on the

machining characteristics of the composite materials

are employed to carry out the relationship between the

process parameters and its responses [17].

Experimental Methodlogy

The epoxy based natural fibre reinforce composites

are prepared using hand layup technique. The natural

fibres used in this work are flax fibre, sisal fibre, luffa

fibre. The epoxy used in this work is araldite LY556.

The hardener used is Triethylenetetraamine (TETA).

Each hybrid composite consists of eight stack of layers

of fibres oriented accordingly to achieve high strength.

The orientation of plies are the considered to be

important since it determines the stiffness and strength

of the composite material. The natural fibres and the

epoxy resins are combined in specific composition to

fabricate the composite specimens and then these

specimens are subjected to several mechanical properties

testing for investigation of the natural fibre reinforce

epoxy composite.

In this work fibre orientations are kept unidirectional

during the fabrication of the composite material.The

following combinations are fabricated;

Flax/Sisal/Luffa/Epoxy [10%/25%/05%/60%]

Flax/Sisal/Luffa /Epoxy [10%/20%/10%/60%]

Flax/Sisal/Luffa /Epoxy [10%/15%/15%/60%]

Flax/Sisal/Luffa /Epoxy [10%/10%/20%/60%]

Flax/Sisal/Luffa /Epoxy [10%/05%/25%/60%]

The weight percentage is normally used to specify

the percentage of the natural fibres in the fabrication of

the composite material. For example if the composite

laminated is designates as Flax/Sisal/Luffa/Epoxy

[10%/25%/05%/60%], it denotes the weigh percentage

of flax is 10%, weight percentage of sisal is 25%, weight

percentage of luffa is 5% and the remaining is epoxy

used in the fabrication of the composite laminate. Fig.

4. 12 shows fibers stacked one by one on the frame to

preparation of hybrid composite.

Results and Discussion

The specimens fabricated through hand layout

technique are subjected to the following tests; Tensile

test, Flexural test, Water absorption test, Impact test

and Interlaminar shear strength test. All these tests are

conducted as per the ASTM standards and the readings

are recorded. Universal testing machine is used to

record the tensile strength of each specimen and the

tensile properties are recorded in Table 1. The variation

of tensile strength for different hybrid combinations is

shown in Fig. 1. With different combinations of hybrid

composites the tensile strength varies between 23.9 and

46.4 Mpa. It is found to be maximum for the combination

of 10% flax/ 5% kenaf/25% wood/60% epoxy hybrid

composite. It is found to be minimum for the combination

of 10% flax/5% kenaf/25% wood/60% epoxy hybrid

composite. It is notices that the tensile strength for

Specimen 2 is better when compared to other hybrid

composites. Flexural testing machine is used to record

the flexural strength for each specimen and the values

are recorded in Table 2. 

The variation of flexural strength for different hybrid

combinations is shown in Table 2. With different com-

binations of hybrid composites the flexural strength

varies between 81.5 and 115 Mpa. It is found to be

maximum (115 Mpa) for the combination of 10% flax/

5% sisal/25% Luffa/60% epoxy hybrid composite. It is

found to be minimum (81.5 Mpa) for the combination

of 10% flax/5% sisal/25% Luffa/60% epoxy hybrid

composite. The figure.2 represents the flexural strength

for various hybrid composites and it is notices that the

flexural strength for Specimen 3 is better when compared

to other hybrid composites. In specimen four, the

combination includes 60% epoxy and remaining with

reinforcing elements. The percentage of the reinforcing

elements plays a major role in the determination of the

tensile strength. This specimen is found to have low

Table 1. Tensile Properties

S.NO Type of Hybrid composites
Ultimate Tensile Load

(N)
Tensile Strength

(MPa)
Elongation at Break

(%)

1 Flax/Sisal/Luffa/Epoxy [10%/25%/05%/60%] 6210 41.4 3.25

2 Flax/ Sisal/Luffa/Epoxy [10%/20%/10%/60%] 6442.5 42.95 3.6

3 Flax/ Sisal/Luffa/Epoxy [10%/15%/15%/60%] 6082.5 40.55 3.7

4 Flax/ Sisal/Luffa/Epoxy [10%/10%/20%/60%] 3585 23.9 3.5

5 Flax/ Sisal/Luffa/Epoxy [10%/05%/25%/60%] 6960 46.4 2.75

Fig. 1. Tensile Strength.
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tensile strength when compare to the other specimens

because of the reinforcing elements. 

The Inter laminar shear strength of the composite

laminates for different combinations of hybrid composites

are shown in Table 3. The maximum ILSS of 10.10

Mpa is observed for combination of 10% flax/5% kenaf/

25% wood/60% epoxy among all hybrid composites.

The minimum ILSS of 7.16 Mpa is observed for com-

bination of 10% flax/25% kenaf/5% wood/60% epoxy

hybrid composite. Interlaminar Shear Strength property

for a composite material is subjected to transverse

loads and it is used to measure the shear strength

between the laminate plates. ILSS is determined by

short beam shear test.

Standard notch according to ASTM A370 was done

on the specimens (rectangular bar) before impact test was

conducted in L.M laboratory. The width and thickness of

the specimens were measured via vernier caliper and

the readings were recorded. The results indicated that

the maximum impact strength is obtained for 10% flax/

15% kenaf/15% wood/60% epoxy composite is 1.33J

while minimum impact strength is obtained for 10%

flax/25% kenaf/5% wood/60% epoxy composite is 0.8 J.

The Table 4 and Fig. 3 represents the impact energy for

various hybrid composites and it is notices that the

flexural strength for Specimen 3 is better when compared

to other hybrid composites. The impact energy is the

measure of workdone to fracture for a given specimen.

In specimen four, the combination includes 60% epoxy

and remaining with reinforcing elements. The percentage

of the reinforcing elements plays a major role in the

determination of the impact energy and tensile strength.

This specimen is found to have low impact energy and

tensile strength when compare to the other specimens

because of the reinforcing elements. 

The maximum water absorption increased for 10%

flax/25% kenaf/5% wood/60% epoxy hybrid composite

while it was decreased for 10% flax/15% kenaf/15%

Fig. 2. Flexural Strength.

Table 2. Flexural Properties

S.NO Type of Hybrid composites Flexural Load (N) Flexural Strength (Mpa)

1 Flax/Kenaf/Wood/Epoxy [10%/25%/05%/60%] 489 81.5

2 Flax/Kenaf/Wood/Epoxy [10%/20%/10%/60%] 666 111

3 Flax/Kenaf/Wood/Epoxy [10%/15%/15%/60%] 690 115

4 Flax/Kenaf/Wood/Epoxy [10%/10%/20%/60%] 627 104.55

5 Flax/Kenaf/Wood/Epoxy [10%/05%/25%/60%] 666 111

Table 3. Inter laminar shear strength Properties

S. No Types of Hybrid Composites
Interlaminar Shear 

Strength (MPa)

1
Flax/Kenaf/wood/Epoxy
[10%/25%/05%/60%]

7.16

2
Flax/Kenaf/wood/Epoxy
[10%/20%/10%/60%]

9.75

3
Flax/Kenaf/wood/Epoxy
[10%/15%/15%/60%]

10.10

4
Flax/Kenaf/wood/Epoxy
[10%/10%/20%/60%]

9.18

5
Flax/Kenaf/Wood/Epoxy

[10%/05%/25%/60%]
9.75

Table 4. Impact Test Properties

S.No Types of Hybrid Composites Impact Energy (j)

1
Flax/Sisal/Luffa/Epoxy
[10%/25%/05%/60%]

0.8

2
Flax/Sisal/Luffa/Epoxy
[10%/20%/10%/60%]

1.06

3
Flax/Sisal/Luffa/Epoxy
[10%/15%/15%/60%]

1.33

4
Flax/Sisal/Luffa/Epoxy
[10%/10%/20%/60%]

0.93

5
Flax/Sisal/Luffa/Epoxy
[10%/05%/25%/60%]

1.13

Fig. 3. Types of Hybrid Composites vs. Impact Energy (j).
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wood/ 60% epoxy hybrid composites. The tensile tested

samples were immersed in water for 5 days as per

standards. After 5 days samples dried by using cloth and

reweighted to measure the percentage gain of water

intake. Table 5 and Fig. 4 represents the water absorption

properties of hybrid composites. It is seen that the

water absorption is very minimum in specimen 3 when

compared to the other composite specimens. 

Conclusion

The experiments were carried out to determine

tensile, flexural, impact, interlaminar shear strength,

water absorption test and SEM analysis of five hybrid

composites such (10% flax/25% kenaf/5% wood/60%

epoxy), (10% flax/20% kenaf/10% wood/60% epoxy),

(10% flax/15% kenaf/15% wood/60% epoxy), (10%

flax/10% kenaf/20% wood/60% epoxy), (10% flax/5%

kenaf/25% wood/60% epoxy). The SEM analysis shows

that as the natural fibres are increased the reinforcing

elements are mixed with the epoxy based matrix

elements in a uniform manner and provides higher

strength. From the results, the following conclusions

were arrived:

• The flexural, ILSS and impact strength were

maximum for 10% flax/15% kenaf/15% wood/60%

epoxy hybrid composites.

• Based on the result, the tensile strength has been

increased for 10% flax/5% kenaf/25% wood/60%

epoxy by 46.4 Mpa while decreased for 10% flax/

25% kenaf/ 5% wood/ 60% epoxy by 23.9 Mpa.

• Based on the result, the flexural strength has been

increased for 10% flax/15% kenaf/15% wood/60%

epoxy by 115 Mpa while decreased for 10% flax/

25% kenaf/5% wood/60% epoxy by 81.5 Mpa.

• Based on the result, the impact strength has been

increased for 10% flax/15% kenaf/15% wood/60%

epoxy by 1.33 J while decreased for 10% flax/25%

kenaf/5% wood/60% epoxy by 0.8 J.

• Based on the result, the interlaminar shear strength

has been increased for 10% flax/15% kenaf/15%

wood/ 60% epoxy by 10.10 Mpa while decreased

for 10% flax/25% kenaf/5% wood/ 60% epoxy by

7.16 Mpa.

Fig. 6. Flax/kenaf/wood/epoxy (200 µm).

Fig. 5. Flax/kenaf/wood/epoxy (200 µm).

Table 5. Water Absorption Test Properties

S.No Types of Hybrid Composites
Immersion 
Time (hrs)

Weight of Sample Before 
Immersion (grms)

Weight of Sample After 
Immersion (grms)

Percentage of 
Weight Gain (%)

1 Flax/Sisal/Luffa/Epoxy [10%/25%/05%/60%] 120 48.03 54.15 11.30

2 Flax/Sisal/Luffa/Epoxy [10%/20%/10%/60%] 120 43.44 47.04 7.65

3 Flax/Sisal/Luffa/Epoxy [10%/15%/15%/60%] 120 38.70 40.85 5.26

4 Flax/Sisal/Luffa/Epoxy [10%/10%/20%/60%] 120 43.20 47.75 9.52

5 Flax/Sisal/Luffa/Epoxy [10%/05%/25%/60%] 120 44.63 49.26 10.22

Fig. 4. Types of Hybrid Composites vs. Percentage of Weight Gain
(%).
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