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Abstract

Objectives: To develop hybrid composite material by incorporating jute/bamboo fibers and jute/kneaf fibers in epoxy
matrix. To evaluate and compare the mechanical properties of aforesaid hybrid composites using various test. Methods/
Statistical Analysis: Compression molding machine is used for preparing two hybrid composite laminates, viz, jute/
bamboo/epoxy and jute/kneaf/epoxy. The physical and mechanical properties of jute/bamboo/epoxy and jute/kneaf/
epoxy hybrid composites are found by conducting various test like tensile, flexural, impact etc. Findings: Based on physical
and mechanical examination, it is observed that there is no difference in density value and volume fraction of voids. But,
there is difference in tensile, flexural, inter laminar shear and impact strengths. The result of this study showed that the
jute/bamboo fiber reinforced epoxy composite is successfully developed in terms of strength for the same weight compared
to jute/kneaf fiber reinforced epoxy composite. Application/Improvements: These hybrid composites are biodegradable

and can be utilized to make household articles and mechanical parts like gears.
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1. Introduction

Composites are made by two or further materials united
through different properties. Generally, it consists of rein-
forcement and matrix. The presence of fibers improves
the mechanical properties, viz, tensile strength, flexure
strength, impact strength, inter laminar shear strength.
The matrix is used to transfer stresses between reinforced
fibers and hence it protects the mechanical damage. The
reinforcement can be natural fibers or synthetic fibers.
Among all reinforcement fibers, natural fibers reinforce-
ment in polymer matrix attracts more because of low cost,
low density, availability, biodegradable etc., Extensive
work have been carried out to assess the characteristics of
natural fiber as reinforcement in polymer namely bamboo,
jute, flax, rice husk, coir and wood fiber'=2. The tensile
strength and flexural strength of tri layer oil palm Empty
Fruit Bunches (EFB)/woven jute (Jw) fiber reinforced
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epoxy hybrid composites was investigated by author™ and
the results showed that the tensile and flexural strength
of hybrid composite is higher than that of EFB compos-
ite but less than woven jute composite. In'? investigated
the mechanical and thermal properties of raw jute and
banana fiber/epoxy hybrid composites and found that
incorporation of banana fiber in jute/epoxy composites
of until 50wt% results in increasing the mechanical and
thermal properties and decreasing the moisture absorp-
tion property. In*? reinforced the untreated sisal and oil
palm fibers with natural rubber and found that there was
reduction in tensile strength and tear strength, but the
modulus of the composites was increased.

The natural fiber composites of sisal/silk unsaturated
polyester based hybrid composites was studied by
author! reported that there was improvement in tensile,
flexural, and compressive strengths of the sisal/silk hybrid
composites observed after by NaOH treatments. In* iden-
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tified the thermal diffusivity, thermal conductivity and
specific heat of jute/cotton, sisal/cotton and ramie/cotton
hybrid fabric-reinforced unsaturated polyester compos-
ites. The tensile, flexural, impact and water absorption
tests were carried out using banana/sisal epoxy composite
material by author’® and concluded that the addition of
sisal up to 50% with banana fiber increase the mechani-
cal properties. In'Z studied the fiber composition of jute/
coir epoxy novolac composites and reported that there is
an increase in mechanical properties for the composite
containing the jute/coir of 50:50. In*® studied the tensile
and flexural properties of the snake grass fiber-reinforced
composites are compared with the snake grass/banana
and snake grass/coir fiber-reinforced hybrid composites
and found that the snake grass/banana and snake grass/
coir fiber composites have the maximum tensile and flex-
ural properties when compared with the snake grass fiber
composites. Luffa fiber and Ground nut reinforced epoxy
resin matrix composites have been developed by author®
and reported that Tensile, Compressive, Flexural, Impact
strength were improved. In®® compared the properties
of treated banana/coir epoxy composites with untreated
banana/coir epoxy composites and concluded that treated
banana-coir epoxy hybrid composites have higher tensile
strength and impact strength than untreated composites
and also reported that untreated fiber composites have
greater flexural strength than the treated fiber composites.

2. Experimental

2.1 Materials

In the present work, jute/bamboo and jute/kneaf fibers
were used to reinforce with epoxy matrix material. The
properties of these fibers are presented in Table 1.

Table 1. Properties of natural fibers

Property Jute Bamboo Kneaf
Density (g/cm?) 1.3 0.8 0.75
Tensile strength (MPa) 608 192 930
Young’s modulus 265 |15 53
Elongation at break (%) | 1.65 11.2 1.6

2.2 Chemical Treatments

The natural fibers were powdered, cleaned with dirt free
running water and then dried. In a glass beaker, a solu-
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tion was prepared by mixing 5% NaOH and 80% distilled
water. The dried fibers were then soaked in the prepared
NaOH solution. After soaking, these fibers were washed
with distilled water and then dried.

2.3 Composites Preparation

The two different natural fiber hybrid composites were
fabricated using hand layup method. The first hybrid com-
posite consists of jute and bamboo fibers and the second
consists of jute and kneaf fibers. The fiber fillings were set at
40% (weight of jute and bamboo are set as 1:1) and the bal-
ance 60% was completed with epoxy resin. First, the mould
was polished and the mould releasing agent was applied
on the surface of mould to facilitate the removal of com-
posite. The low temperature curing epoxy resin LY556 and
hardener HY951 were mixed in the ratio of 10:1. The jute/
bamboo and jute/kneaf fibers were reinforced with epoxy
matrix of size 290 mm x 290 mm x 3 mm and then pressed
in a hydraulic press of 35 kg/cm® at a temperature of 130°C
for 45 minutes. Then the mould was kept for curing at room
temperature. After that, these hybrid composites were cut
in to required specimen as per ASTM standards and edges
were finished by emery sheets. Table 2 shows the details of
hybrid composite by weight percentage.

2.4 Characterization Tests

2.4.1 Density

The theoretical density (p_) of hybrid composite material
can be calculated using the following equation 2.1.

Pt =7 Wm
pf  pm (Eq.2.1)
where, W and p denotes the weight proportion and
weight density respectively. The suffix f and m stands for
fibre and matrix respectively. The actual density (pce) can
be calculated experimentally by simple water immersion
technique. The volume fraction of the voids (V) in the
composite is calculated by following equation 2.2

V= pct — pce
pct
2.4.2 Tensile Test

There are two different specimens prepared for tensile
test, viz, jute/bamboo epoxy and jute/kneaf epoxy. These

(Eq.2.2)
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Table 2. Details of hybrid composites (Wt.%, Density and void volume fraction)

SLNo Name of hybrid composite Name of fiber and matrix (wt.%)
Jute Bamboo Kneaf Epoxy
1 Jute/Bamboo epoxy composite 20 20 - 60
2 Jute/Kneaf epoxy composite 20 - 20 60
SL.No Type of hybrid composites Theoretical density Actual density (g/ Volume fraction of
(g/cm?®) cm?) voids (%)
1 Jute/bamboo epoxy 1.18 1.11 6.0
2 Jute/kneaf epoxy 1.14 1.07 6.1

specimens were fabricated as per standard ASTM D638.
This test was conducted on the universal testing machine.
The procedure includes placing the specimen in between
the fixture and applying the load till fracture takes place.

2.4.3 Three Points Bend Test

The specimen used for this test is prepared as per ASTM
D790 standards. Three points bend test was conducted
using tensile testing machine. The testing procedure
involves engaging the specimen in the machine and
applying load till fracture takes place.

2.4.4 Impact Test

The impact test specimens are prepared as per ASTM A
370 standard. The testing procedure involves placing the
specimen in the fixture and allows the pendulum to strike
the specimen.

3. Results and Discussions

3.1 Density

The presence of void in the composite considerably
decreases the properties of the composites. Presents the
theoretical density, actual density and the corresponding
volume fraction of voids.

The disparity between theoretical density and actual
density is since the void exists in the composites. Hence,
knowledge about volume proportion of voids is vital.
From the table it is detected that there is no substantial
variation in density and volume proportion of voids.

3.2 Tensile Strength

The Table 3 shows the tensile strength of the fabricated
composites and the effect of fibers on the tensile strength.
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Table 3. Tensile strength of hybrid composites

SLNo | Name of the composite Tensile strength
(MPa)

1 Jute/Bamboo epoxy composite | 25.5

2 Jute/Kneaf epoxy composite 21.5

From the Figurel, it was observed that the tensile
strength of jute/bamboo epoxy hybrid composite hav-
ing higher values when compared with jute/kneaf epoxy
hybrid composite. The jute/bamboo epoxy hybrid com-
posite demonstrated the extreme tensile strength and it
may be due to proper adhesion between fibers and matrix
which in turn restrict the mobility and deformability of
the matrix.

3.3 Flexural Strength

The flexural strength was calculated by using the equation
2.3 given below.

_3PL
2bh?

where, FS = flexural strength, P is the maximum load
(in newtons); L is the distance between the supports (in
mm); b is the width of the specimen (in mm) and h is the
height (in mm).

The flexural strength of hybrid composites was pre-
sented in Table 4 and the effect of these fibers on flexural
strength.

FS Eq.2.3

Table 4. Flexural strength of hybrid composites

SL No | Name of the composite Flexural
strength (MPa)

1 Jute/Bamboo epoxy composite | 63.5

2 Jute/Kneaf epoxy composite 38.5
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Table 5. ILSS of hybrid composites

SL. No Name of the composite ILSS (MPa)
1 Jute/Bamboo epoxy composite | 2.69
2 Jute/Kneaf epoxy composite 1.5
Table 6. Impact strength of hybrid composites
SL Name of the composite Impact strength
No 0)
1 Jute/Bamboo epoxy composite | 1.2
2 Jute/Kneaf epoxy composite 1.6
Table 7. Results comparison
Volume Tensile Flexural Impact
. . ILSS
SLNo | Composite fraction strength strength (MPa) strength
(%) (MPa) (MPa) 4);
1 Jute/Bamboo epoxy composite | 6.0 25.5 63.5 2.69 1.2
2 Jute/Kneaf epoxy composite 6.1 21.5 38.5 1.5 1.6

3.4 Inter Laminar Shear Strength

The flexural strength was calculated by using the equation
2.4 given below.

ILSS =£
4bt

where, ILSS - Inter-laminar shear strength (in MPa), F
- Maximum load (in N), b - Width of specimen (in mm),
t - Thickness of specimen (in mm)

The inter laminar shear strength of hybrid composites
was presented in Table 5 and the effect of these fibers on
ILSS.

From, Jute/Bamboo epoxy hybrid composite exhibit
inter laminar shear stress value of 2.69 MPa. Inter laminar
shear strength depends primarily on the matrix proper-
ties and fiber matrix interfacial strength rather than the
fiber properties. ILSS can be improved by increasing the
matrix tensile strength?!.

Eq.2.4

3.5 Impact Strength

The impact strength of hybrid composites was presented
in Table 6 and the effect of these fibers on impact strength.

The jute/bamboo epoxy hybrid composite shows the
impact strength in decrease in trend. This variation of
impact strength may be due to presence of small spaces
between the fiber and matrix polymer, which in turn
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stimulate the crack propagation easily and decrease the
impact strength of the composites™.

Comparison: The results of the jute/bamboo epoxy
composite are compared with the results of the jute/kneaf
epoxy composite and are shown in Table 7.

4. Conclusions

The present works make known that both jute/bamboo
and jute/kneaf were successfully used as reinforcement
fiber in epoxy resin for making hybrid composites. Based
on the experiment conducted on these fibers, it is con-
cluding that

o There is no significance change in densities and
volume fraction of voids for both hybrid com-
posites.

o Jute/Bamboo epoxy hybrid composite provides
better tensile strength which is 15.7% higher
than the Jute/Kneaf epoxy hybrid composite.

o Similarly, Jute/Bamboo epoxy increases the flexural
strength by 39.4% and inter-laminar shear strength
by 44% than the Jute/Kneaf epoxy composite.

« But, the impact strength of Jute/Kneaf epoxy
composite provides good impact strength which
is 25% higher than the Jute/Bamboo epoxy com-
posite.

Indian Journal of Science and Technology



K. Balasubramanian, R. Jeyakumar and R. Ramamoorthi

5. Reference

1.

10.

11.

Bogoeva-Gaceva G, Avella M, Malinconico M. Natural fiber
eco-composites. Polymer Composites. 2007; 28(1):98-107.
https://doi.org/10.1002/pc.20270

Jamil MS, Ahmed I, Abdullah I. Effects of rice husk filler
on the mechanical and thermal properties of liquid natural
rubber compatibilizer high-density polyethylene/natural
rubber blends. Journal of Polymer Research. 2006; 13:315-
21. https://doi.org/10.1007/s10965-005-9040-8

Vilaseca F, Mendez JA, Pelach A, Llop M, Canigueral
N, Girones, J. Composite materials derived from bio-
degradable starch polymer and jute strands. Process
Biochemistry. 2007; 42:329-34. https://doi.org/10.1016/j.
procbio.2006.09.004

Wang H, Huang L, Lu Y. Preparation and characterization
of micro- and nano-fibrils from jute. Fibers and Polymers.
2009; 10(4):442-5. https://doi.org/10.1007/s12221-009-
0442-9

Li X, Panigrahi S, Tabil LG. A study on flax fiber-rein-
forced polyethylene biocomposites. American Society of
Agricultural and Biological Engineers. 2009; 25(4):525-31.
https://doi.org/10.13031/2013.27454

Khan MA, Khan RA, Haydaruzzaman, Sushanta G, Siddiky
MNA, Saha M. Study on the physico-mechanical proper-
ties of starch-treated jute yarn-reinforced polypropylene
composites: Effect of gamma radiation. Polymer-Plastics
Technology and Engineering. 2009; 48:542-8. https://doi.
org/10.1080/03602550902824358

Ramakrishna M, Kumar V, YuvrajNS. Recentdevelopmentin
natural fiber reinforced polypropylene composites. Journal
of Reinforced Plastics and Composites. 2009; 28:1169-89.
https://doi.org/10.1177/0731684407087759

Haydar UZ, Khan AH, Hossain MA, Khan MA, Ruhul
A Khan. Mechanical and electrical properties of jute
fabrics reinforced polyethylene/polypropylene
posites: Role of gamma radiation. Polymer-Plastics
Technology and Engineering. 2009; 48:760-6. https://doi.
org/10.1080/03602550902824655

Chaowana P. Bamboo: An alternative raw material for
wood and wood-based composites. Journal of Materials
Science Research. 2013; 2(2):1-13. https://doi.org/10.5539/
jmsr.v2n2p90

com-

Fuentes C, Brughmans G, Tran LQN. Mechanical behaviour
and practical adhesion at a bamboo composite interface:
Physical adhesion and mechanical interlocking. Composites
Science and Technology. 2015; 109:40-7. https://doi.
0rg/10.1016/j.compscitech.2015.01.013

Jawaid M, Khalil HPSA, Bakar AA. Woven hybrid com-
posites: Tensile and flexural properties of oil palm-woven
jute fibres based epoxy composites. Materials Science
and Engineering: A. 2011; 528:5190-5. https://doi.
org/10.1016/j.msea.2011.03.047

Vol 12 (16) | April 2019 | www.indjst.org

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Boopalan M, Niranjanaa M, Umapathy MJ. Study on the
mechanical properties and thermal properties of jute
and banana fiber reinforced epoxy hybrid composites.
Composites Part B: Engineering. 2013; 51:54-7. https://doi.
0rg/10.1016/j.compositesb.2013.02.033

Jacob M, Thomas S, Varughese KTV. Mechanical prop-
erties of sisal/oil palm hybrid fiber reinforced natural
rubber composites. Composites Science and Technology.
2004; 64(7-8):955-65.  https://doi.org/10.1016/S0266-
3538(03)00261-6

Khanam PN, Reddy MM, Raghu K, John K, Naidu SV.
Tensile, flexural and compressive properties of sisal/
silk hybrid composites. Journal of Reinforced Plastics
and Composites. 2007; 26(10):1065-70. https://doi.
org/10.1177/0731684407079347

Alsina OLS, de Carvalho LH, Ramos Filho FG. Thermal
properties of hybrid lignocellulosic fabric-reinforced poly-
ester matrix composites. Polymer Testing. 2005; 24(1):81-5.
https://doi.org/10.1016/j.polymertesting.2004.07.005
Venkateshwaran N, ElayaPerumal A, Alavudeen A,
Thiruchitrambalam M. Mechanical and water absorption
behaviour of banana/sisal reinforced hybrid composites.
Materials and Design. 2011; 32(7):4017-21. https://doi.
org/10.1016/j.matdes.2011.03.002

Saw SK, Sarkhel G, Choudhury A. Preparation and char-
acterization of chemically modified jute-coir hybrid fiber
reinforced epoxy novolac composites. Journal of Applied
Polymer Science Banner. 2012; 125(4):3038-49. https://doi.
org/10.1002/app.36610

Sathishkumar TP, Navaneethakrishnan P, Shankar S, Kumar
J. Mechanical properties of randomly oriented snake grass
fiber with banana and coir fiber-reinforced hybrid compos-
ites. Journal of Composite Materials. 2012; 47(18):2181-91.
https://doi.org/10.1177/0021998312454903

Panneerdhass R, Gnanavelbabu A, Rajkumar K. Mechanical
properties of luffa fiber and ground nut reinforced epoxy
polymer hybrid composites. Procedia Engineering. 2014;
97:2042-51. https://doi.org/10.1016/j.proeng.2014.12.447
Hariprasad T, Dharmalingam G, Raj PP. Study of mechani-
cal properties of banana-coir hybrid composite using
experimental and fem techniques. Journal of Mechanical
Engineering and Sciences. 2013; 4:518-31. https://doi.
org/10.15282/jmes.4.2013.16.0049

Sabeel AK, Vijayarangan S. Tensile flexural and inter
laminar shear properties of woven jute and jute-glass fab-
ric reinforced polyester composites. Journal of Materials
Processing Technology. 2008; 207:330-5. https://doi.
org/10.1016/j.jmatprotec.2008.06.038

Zhao Q, Tao ], Yam RCM, Mok ACK, Li RKY, Song
C. Biodegradation of polycaprolactone/
rice husk eco-composites in simulated soil medium.
Polymer Degradation and Stability. 2008; 93(8):1571-6.
https://doi.org/10.1016/j.polymdegradstab.2008.05.002

behavior

Indian Journal of Science and Technology I 5 -


https://doi.org/10.1002/pc.20270
https://doi.org/10.1007/s10965-005-9040-8
https://doi.org/10.1016/j.procbio.2006.09.004
https://doi.org/10.1016/j.procbio.2006.09.004
https://doi.org/10.1007/s12221-009-0442-9
https://doi.org/10.1007/s12221-009-0442-9
https://doi.org/10.13031/2013.27454
https://doi.org/10.1080/03602550902824358
https://doi.org/10.1080/03602550902824358
https://doi.org/10.1177/0731684407087759
https://doi.org/10.1080/03602550902824655
https://doi.org/10.1080/03602550902824655
https://doi.org/10.5539/jmsr.v2n2p90
https://doi.org/10.5539/jmsr.v2n2p90
https://doi.org/10.1016/j.compscitech.2015.01.013
https://doi.org/10.1016/j.compscitech.2015.01.013
https://doi.org/10.1016/j.msea.2011.03.047
https://doi.org/10.1016/j.msea.2011.03.047
https://doi.org/10.1016/j.compositesb.2013.02.033
https://doi.org/10.1016/j.compositesb.2013.02.033
https://doi.org/10.1016/S0266-3538(03)00261-6
https://doi.org/10.1016/S0266-3538(03)00261-6
https://doi.org/10.1177/0731684407079347
https://doi.org/10.1177/0731684407079347
https://doi.org/10.1016/j.polymertesting.2004.07.005
https://doi.org/10.1016/j.matdes.2011.03.002
https://doi.org/10.1016/j.matdes.2011.03.002
https://doi.org/10.1002/app.36610
https://doi.org/10.1002/app.36610
https://doi.org/10.1177/0021998312454903
https://doi.org/10.1016/j.proeng.2014.12.447
https://doi.org/10.15282/jmes.4.2013.16.0049
https://doi.org/10.15282/jmes.4.2013.16.0049
https://doi.org/10.1016/j.jmatprotec.2008.06.038
https://doi.org/10.1016/j.jmatprotec.2008.06.038
https://doi.org/10.1016/j.polymdegradstab.2008.05.002

