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Abstract

With growing environmental awareness, ecologicalceons and new legislations, bio-fiber-reinforcéaspc
composites have received increasing attention gutire recent decades. The composites have many
advantages over traditional glass fiber or inorgamineral-filled materials, including lower cosigHter
weight, environmental friendliness, and recyclailin the present work a banana fiber and silioa/ger
reinforced composite material is develop8danning electron microscopy shows that bananasfitiee well
dispersed in the resin matrikddition of fiber increases the modulus of elasfieind decreases the ultimate
tensile strength of the epoxy. And further additidrsilica also increases the modulus of elastig@tjuces the
ultimate tensile strength. Addition of banana hjgidduces yield strength and addition of silicaegivetter
results than banana reinforced composites buthstiling yield strength highly reduced. Banana weirdd
improve the impact strength of epoxy materials. ifidd of fibers increases the capacity of waterocapton.
This test is necessary where the composites ai insmoisture affected areas. Addition of banaferfi
reduces bending strength and addition of silicé Wwénana has not given better bending strengthlthaana
fiber reinforced composites.

Key Words: Composite Material, banana fiber, polyered environment

Symbol used: 1) BaF Banana Fiber
2) Si Silica Particle
3) wt% Weight percentage

1. Introduction

With growing environmental awareness, ecologicalceons and new legislations, bio-fiber-reinforcesstit
composites have received increasing attention gutire recent decades. The composites have many
advantages over traditional glass fiber or inorganineral filled materials, including lower cost, Higr
weight, environmental friendliness, and recyclablBecause wood and other bio-fibers easily undergo
thermal degradation beyond 200°C, thermoplastiairmased in the composites is mainly limited to tow
melting-temperature commaodity thermoplastic reslik® polyethylene (PE), and polypropylene (PP). [1]
However, the inherently unfavorable thermo mectarémd creep properties of the polyolefin matrixitim
some structural applications of the materials.

185



J. Mater. Environ. Sci. 3 (1) (2012) 185-194 Snghetal.
ISSN : 2028-2508
CODEN: JMESCN

In order to overcome the above drawbacks, effastheen recently made to utilize high-performance
thermoplastics as matrix materials. A low tempesttompounding (LTC) technique developed by [2] was
successfully used to produce cellulose fibers regefib engineering plastics such as Nylon-6, polyleats
terephthalate), and ethylene-carbon monoxide [3lwds shown that cellulose fiber-reinforced Nylon-6
composites were approximately twice as strong aimcktas stiff as wood flour filled polypropylene. e
same time, the composites had better notched amatehed Izod toughness than wood flour composifes [2

The dynamic mechanical analysis of banana fiberfarced polyester composites was carried out
with special reference to the effect of fiber loagjifrequency and temperature. The intrinsic prigepf the
components, morphology of the system and the naffurgerface between the phases determine thentigna
mechanical properties of the composite. At lowangeratures (in the glassy region), the modulus of
elasticity values are maximum for the neat polyesteereas at temperatures above higher temperttere
modulus of elasticity’s are found to be maximum domposites with 40% fiber loading, indicating thiz
incorporation of banana fiber in polyester matrixduces reinforcing effects appreciably at higher
temperatures. The loss modulus and damping peales faend to be lowered by the incorporation of fibe

[4].

In recent times, increasing attention has been fwattie use of renewable resources particularly of
plant origin keeping in view the ecological conagrrenew-ability and many governments passing faws
the use of such materials. On the other hand, @egbundant availability of lignocellulosic matdsian
Brazil, very few attempts have been made aboutr thtiization, probably due to lack of sufficient
structure/property data. Systematic studies to kitioewr properties and morphology may bridge thip ga
while leading to value addition to these naturaterials. Chemical composition, X-ray powder diftian,
and morphological studies and thermal behavior @dspi@ respect of banana, sugarcane bagasse sponge
gourd fibers of Brazilian origin are presented. @leal compositions of the three fibers are foundhéo
different than those reported earlier. X-ray difian patterns of these three fibers exhibit ma#jlulose
type | structure with the crystallinity indices &9%, 48% and 50% respectively for these fibers.
Morphological studies of the fibers revealed difersizes and arrangement of cells. Thermal stalofiall
the fibers is found to be around 200 °C. Decomjmwsibf both cellulose and hemicelluloses in theeffib
takes place at 300 °C and above, while the dedoedat fibers takes place above 400 °C. These deta
help finding new uses for these fibers.

2. Materialsand Methods
2.1 Matrix Material
2.1.1 Epoxy Resin (CY 230)

Epoxy resin is widely used in industrial applicatibecause of their high strength and mechanical
adhesiveness characteristic. Araldite CY 230 igjaid solvent free epoxy resin. It has versatilplaations
in technical and industrial applications. Curinges place at room temperature and atmospheric ypeess
after addition of hardener. Araldite CY 230 puradfrom M/s Petro Aradite Pvt. Limited, Chennaiitnis
used in the present investigation.

2.1.2 Hardener (HY 951)

Hardener HY-951 is a yellowish-green liquid. HareehlY 951 purchased from M/s Petro Aradite
Pvt. Limited, Chennai, India has been used as gua@ent. In the present investigation 8 % by wt heen
used in all material developed. The weight peragiaf hardener used in the present investigatias iper
recommendation of [5].

2.2 Reinforcing Element

Reinforcing agents are added to the resin to imptbg mechanical strength and wear properties.
2.2.1 Banana fiber

Banana fiber (figure 1) is extracted from the wagsteduct of banana cultivation. Due to high
cellulose content, it has superior mechanical pitmse especially tensile strength and modulusl{6$ thus
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considered as a promising candidate for replacimyentional glass fibers in the fiber-reinforced cosifes.
Earlier studies showed that BaF (maximum 10 wt%)igled good reinforcement for various thermosetting
resins such as unsaturated polyester [7, 8, 9, 10].

Figure 1: Banana fibers

2.2.2 Slica

It is reported [11] that silica partials (maximunw®6) are uniformly dispersed in to the matrix of
parent material and there is no chemical reacteiwéen silica and resin matrix. Addition of siliparticles
improves the mechanical and wears properties signifly. Properties of Silica particle are givertable 1.

Table 1. Physical properties of reinforcing element

Materia Density (kg/m) Forrr

Silica 2.3¢ Powcer formn

2.3 Methods

Epoxy resin (CY 230), hardener (HY 951), silicatjzde (2 wt%) and banana fiber (10 wt%) with
different weight percentageere used. Commercial epoxy resin CY 230 and harddiy 951 were supplied
by M/s Petro Araldite Pvt. Limited, Chennai, Indiad silica particle was supplied by M/s Insilco [tienl,
Gajraula, ( Degussa Group) and M/s Taj Resins Bmited, New Delhi, India, respectivelifferent
mixtures of silica particles, banana fiber epoxgimenvere prepared by mechanical stirring at 3000. rphe
curing curve of epoxy CY 230 is shown in FigureasBd on the curing curve, the solution obtained by
mixing silica particle and banana fiber in resirképt in the furnace at a temperature of 90 + 130iGwo
hours At each interval of 30 minutes the solution isetakout from the electric furnace and remixed by
mechanical stirrer at same speed. After two hdueswhole solution is taken out and allowed to dooh
temperature of 45°C. When a temperature of 45°Cbkas attained the hardener HY 951 (8% wt) is mixed
immediately. Due to addition of hardener high visegolution is obtained which is remixed mechafhyjcat
high speed by the mechanical stirrer. The viscalistion so obtained is poured into different moufds
sample preparation for tensile, compression andtura toughness testing. All tensile, compressind a
fracture tests are conducted on 100 kN servo hiidraniversal testing machine (ADMET, USA). A flat
specimen for tensile test, Circular specimens adpect ratio (length to diameter) of 2.0 for corspien test
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are tested under displacement mode of control df m/sec. Silicon grease is used to lubricate two
interfaces between the specimen and grips, to mditaithe interfacial friction influence as muchpassible.
The results are presented and discussed in sultdespations.

140

= = = =Lower time limit

120 — Upper time limit |

@ @ =
=1 =1 =3
i " i

Temperature,°C

-
=

L]
(=]
i

|:| 4
0 5 10 15 20 25
Time, h

Figure 2: Curing curve of CY 230 epoxy based composite [12]

3. Resultsand Discussion
3.1 Density

Density is one of the most important mechanicapprties of the material. The density of banana
reinforced composite, banana-silica reinforced ausiip and banana-bagasse reinforced composite along
with density of epoxy resin are presented in T&ble

Table 2. Density of epoxy resin, banana reinforced compaaitd banana-silica reinforced composite

S.Nc BaF (gm/cm¢ BaF+Si (gm/cm’ Epoxy (gm/cm¢
1 1.11 1.1% 1.15¢
2 1.1 1.1¢ 1.18¢
3 1.0¢ 1.12 1.18¢
Mear | 1.097 1.147 1.17¢
SC 0.01f 0.03¢ 0.01f

Table 2 reveals that increase in wt% of reinforpadicles, i.e. the banana fiber in the resin swmhut
decreases the density. The decrease in densityeceglated to the fact that the fibers are lighiveight but
occupy substantial amount of space. Hence theesegseneral decrease in the density of all the coitgpos
materials with regards to the epoxy resin.

In the present investigation density of bananadiltomposite is found be 1.097 gm/cm? for 10wt%
banana filled composites, 1.147 gm/cm? and for 1@8&bha-2%silica wt% reinforced composite. This is
lower than the pure epoxy resin which is 1.176grd/¢fence, it can be concluded that proper comlanaif
the banana-silica hybrid composite material mayehawarieties of industrial application when weight
strength would be the critical parameter in thagtes

3.2 Water Absorption Capacity
Water absorption capacity is another crucial fattobe taken into account when considering the
effect of water on the composite material develofén effect is presented in Table 3.
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Table 3: Water Absorption capacity

S.Nc BaF BaF+S Epoxy
1 2.63% 2.19% 0.633Y%

2 3.08% 3.43% 0.699Y%

3 2.66% 2.55% 0.609Y%
Mear 2.79% 2.72% 0.647%
SC 0.252 0.63¢ 0.046¢

The effect of water absorption is important incsematerial that has been developed when used for
applications comes in contact of water. This sutigthincrease with regards to the epoxy resinlmadue to
the fact that here the present banana fibers haxémmum capacity of water absorption in comparismthe
silica and the resin particles.

3.3 Scanning Electron Microscope (SEM)

The state of dispersion of banana fiber into tlsinrenatrix plays a significant role on the mechahic
properties of the composite. Various methods siclSBM, TEM etc can be used to evaluate the fiber
dispersion in the composite. In the present ingatitn SEM has been carried out for hybrid composit
containing 10 wt% Banana fiber the epoxy resin imakigure 3(a) to 3(b) shows the SEM photographs o
hybrid composite material investigated in the pn¢seork. In the both photographs, good dispersibn o
banana fiber in the resin matrix has been obsektedce, from the above micrographs it is can belcoled
that due to uniform dispersion of banana fiberhis €poxy resin, a remarkably effect on the meclhénic
properties may be obtained.

Figure 3(a) shows the vertical cut section of SEMtpgraphs of 10 wt% banana fiber composite
material. In this case, good dispersion of bandrer in the resin matrix has been observed. Ieensfrom
the figures that fibers are well dispersed in thexg resin matrix in a preferred orientation. Thsence of
any voids around the fibers indicates a good adhdsétween fibers and epoxy matrix. From the Fi@{md
it can be concluded that the vertical fractureisacdbf SEM photographs of 10 wt% banana fiber cositpo
material is well bonded as the picture clearly shdhat there is no stretching of fibers, ratheerfiare
broken uniformly. From the above figures it is atsadent that there is no chemical reaction betwidssrs
and epoxy resin.

it
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Figure 3(a): Scanning electron micrograph for 10 wt% bananerfds vertical cut section
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Figure 3(b): Scanning electron micrograph for 10 wt% bananer fi§ horizontal cut section

3.4 Mechanical Properties
3.4.1 Tensile strength

The mechanical properties of the banana and basikca-filled epoxy resin hybrid composite
materials were determined by 100 kN ADMET make sarantrolled universal testing machine at Imm/min
strain rate under displacement control mode. Thelt®are presented in figures 4.

3.4.2 Tensile stress-strain curve

The tensile stress-strain curve for unfilled epoggin (8 wt% HY-951 hardener and rest CY-230
resin) and hybrid composite materials containingvi® banana fiber and 10 wt% banana and 2 wt%asilic
All tests are conducted as per ISO in 100 kN servoalyidrUniversal Testing. Remarkable differences can
be seen in the stress-strain behavior due to addifi silica and banana fibers in epoxy resin matri
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Figure 4. Stress-strain diagram for different composite male
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3.4.3 Tensile Properties
Tensile tests were carried out at strain rates.bfnim/sec. The properties of the banana reinforced
composite and banana-silica reinforced compositegalvith that of epoxy resin are presented in Tdble

Table4: Tensile properties of the composite materials quukg resin.

Propert BaF BaF+S Epoxy
E,(GPa 1.340+ 0.14: 1.460+ 0.17: 1.35¢0.12¢
Ultimate stress, (MP 22.258+ 5.5k 27.618+ 4.9 43.79(+7.76
Yield stress, (MP: 4,15+ 2.9¢ 4,43+ 1.3¢ 9.82+0.62¢
Strain energy, (Nn 23.792+ 10.27° | 37.405+ 8.45: 597.5442.4¢

The results of modulus of elasticity, the ultim&esile strength, yield stress and strain energy ar
shown in the table 3 for strain rate of 0.1 mm/&&markable differences can be seen on the ultiteasile
strength of the hybrid composite material havinffedent reinforcing materials. It can be noticedttfor all
specimens the ultimate tensile strength is higleeghe banana-silica composite and is 27.618 MiBagh it
is still less than that of the epoxy resin, whias fa ultimate tensile strength of 43.790 MPa, aadmut by
the experiments conducted. It is seen that addiiosilica and fibers significantly affects the nuhas of
elasticity. About 12% increase in modulus of etafstihas been seen due to addition of 10wt% of bana
fibers and load applied at 0.1 mm/sec. strain rdteld strength has decreased with addition otailand
fibers content in the composite material. Evengtnain energy considerably decreased due to addifithe
banana fiber. This would have had an impact omteehanical properties of the composite material.

From the above observation it can be concluded ni@dulus of elasticity can be increased with
appropriate combination of silica and banana cdrfterdifferent application environment. This indtes that
decrease in yield strength due to addition of mitihg fibers in silica hybrid composite materihle material
is expected to behave less elastically throughmadtizally.

3.4.4 Compressive Srength

The Compressive Strength properties of the banaushb@nana-silica filled epoxy resin hybrid
composite materials were determined by 100 kN ADM#&ake servo controlled universal testing machine at
0.1mm/sec. strain rate under displacement contomlenThe results are presented in figure 5. Thatseef
the compressive test are shown in table 4.4. Alistare conducted under displacement control mblle.
variation of compression strength with wt% of siliend banana fibers is shown in figure 5. The cesygive
properties of the composite material are showlitet5.

Table 5: Compressive properties of the composite materiadsegoxy resin

Propert BaF BaF+S Epoxy
Modulus of Easticy, ( GPa 0.504+ 0.24¢ 1.669+ 0.02% 0.73€+0.13¢
Ultimate stress (MP 49.853+4.23( [63.202+ 15.74¢ 185.28+37.67¢
Yield stress (MP: 10.167+2.021 |13.067+6.27¢ 13.542.1¢
Strain energy (Nn 31.253+9.02¢ |11.302+1.57¢ 50.89%+27.58:
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Figureb5: Stress-strain diagram for different composite male

A remarkable difference can be noticed in the valithe compressive strength with different wt%
composition of silica and banana fibers. It cambgced that addition of silica to the banana fbienproves
the ultimate compressive strength of the hybrid posite materials. It is found that ultimate compies
strength of 2wt% of silica and 10 wt% of bananaffis about 63.2 MPa. As depicted by the test coedu
the most favorable combination is that of banard silica reinforced composite material for goodmitte
compressive strength.

3.4.5 Impact Srength

The results obtained from Charpy test are preseinteédble 6. Charpy impact strength of banana
reinforced composite banana and banana-silicaarei®fl composite are depicted in table 6. The effett
silica and banana fibers as individual filler adlves hybrid fillers on the impact strength aredsts and
discussed in this section.

Table 6: Impact strength

S.Nc BaF , (Nm BaF+S, (Nm Epoxy, (Nm
1 22.0f 22.0% 24.52¢

2 22.0t 24.5( 22.072!
3 17.1¢ 24.5( 19.62
Mear 20.41¢ 23.68: 22.07.
SC 2.82¢ 1.41¢ 2.45;

Table 5 shows that composite containing banana fibe silica shows maximum impact strength
amongst all hybrids composite studied. Addition2ofvt% of silica to 10 wt% banana increased its ichpa

strength which was more than that of the pure epoxy
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An increase of impact strength from 22.07 Nm t&83.Nm has been noticed due to addition of 10
wt% of banana and 2 wt% of silica to the epoxy cosite. Addition of silica particle as filler matai
probably fill the small voids the regions of paeicorners and would, therefore improve the imgé&ength.

3.4.6 Hardness Test

As known, hardness implies a resistance to indentgbermanent or plastic deformation of material.
In a hybrid composite material, filler weight frewt significantly affects the hardness value of liybrid
composite material. Hardness values measured orRtokwell M-Scale showing the effect of weight
percentage of silica and banana and bagasse 6hetse hardness values of hybrid composite areepted
in Table 7.

Table7: Rockwell Hardness values on M-Scale for variiilied hybrid composite

S.Nc BaF(Rm BaF+S Epoxy
1 53 57 60

2 48 54 55

3 54 63 58

4 65 64 61

5 57 64 55
Mear 55.4 60.£ 57.¢
SC 6.26¢ 4.61¢€ 2.77F

It is found that hardness of neat epoxy resin (@@+428 wt% of HY-951) is 57.8. The hardness of
the fabricated composite made of epoxy resin andt® of banana fiber and 2 wt% of silica is maximum
and is 60.4.

The hardness increases with the amount of silichtie presence of banana with the banana fibers
reflecting the reinforcement formed in the hybramposite.

3.4.7 Bending Test

The Bending strength properties of the banana andria-silica filled epoxy resin hybrid composite
materials were determined by 100 kN ADMET make sepontrolled universal testing machine at
0.1mm/sec. strain rate under displacement contoolenThe results are presented in Table 8.

Table 8. bending strength properties for resin and contpasaterials

Propert BaF BaF+S Epoxy
E,(GPa 1.252+ 0.41¢ 0.697+ 0.29¢ 0.801+0.25¢
Flexural Stress, (MP 32.618+5.77¢ 29.670+5.83¢ 51.2547.171
Flexural Srain 0.04+ 0.00¢ 0.043+ 0.00¢ 0.090¢+0.025"

As depicted by the test data, amongst the compasiterials developed the 10 wt% banana
reinforced composite shows the best results wiglands to the modulus of elasticity (1.252 GPa w801
GPa of epoxy resin) and the Flexure Stress havivedue of 32.618 MPa w.r.t. other reinforcing miztis:
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