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INTRODUCTION

Natural fibers due to their excellent tensile andchanical properties and their ease of availabitity
abundance provide excellent scope of research apptes for preceding generations. Due to theiseeaf
manufacturing and reliability properties, form stioges for many complex artificial composites amctals.

The main preference of the study is consideringnahfibres are eco-friendly and can be reneweakldgradable

and replaced in a limited period. By reinforcementthe fibre composite the tensile properties eixbib by
increase drastically as reinforcement of fibresnpres growth in flexural strength and tensile madull].
Chemical treatment of natural fiber composite inveothe strength and provides better bonding wlatitong the
fibres in the composite [2]. Andressa Cecilia Médae et.al concluded that naturally available fithiées sisal can
be used as a substitute for glass fibers in ma&fingpmposites as sisal fiber composite exhibit Benetensile
properties and can be synthesised easily [3]. VM&hra et.al studied the properties of jute-epogynposite in
fiber loading conditions. The conclusions are that hardness, tensile properties and impact stiesfgthe jute-
epoxy composites increases with the increase gr filading and the properties like flexural strénghd inter-

laminar shear strength is greatly influenced bywbiel content of the composites [4]. M.Ramesh ettatlied the
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40 G. Dharmalingam, V. Kumar & A. Sengolerayan

strength of sisal fiber composite through experitaeexamination, in this study the tensile and ra@ital properties of
sisal-glass epoxy and jute-glass epoxy compositese wletermined and conclusions made here are italt fiber
composite exhibit better tensile properties thda fibre composites [5-12]. According Li, et.alrtedify the fiber surface
structure in order to enhance the bond strengtlvdsst fiber and matrix and reduce water absorptibsigal fiber
chemical and thermal treatment are used [13]. Theeemany reports about sisal fibers compositesaFaollini et.al
[14] studied unmodified and modified surface siddlers by mercerization (alkali treatment) using Ot
10%,esterification (succinic anhydride) and ionizedr treatment on phenolic and lignophenolic masix
The study showed an improvement on fiber/matrigrifiaicial adhesion by mercerization and esterificatvhen compared
to ionized air treatment. Mwaikambo Rong et.al [I4-also observed the fiber surface topography awstallographic
index changes with mercerization treatment. Howekiey observed yet that depending on the NaOH curat@®n a
reduction of fiber thermal resistance is promotisniarck et al. [18-20] reported that the sisalfibdermal stability is not
affected by dewaxing treatment while the merceiomatand methyl methacrylate grafting increases miximum

decomposition temperature by 10°C as comparedtteatrd fibers.

Present investigations have been carried out onbuwtions of natural fibers (sisal-kenaf) of ditfet
compositions but there are no reports concerniagsibal-kenaf epoxy resin composites. So consigesisal-kenaf fibers
as reinforcements and using epoxy as the resghaneight composite plate was prepared and tests eanducted on the

specimen to determine its mechanical propertiegunarying loading conditions.

MATERIALS AND CHEMICALS USED
Sisal Fiber

Sisal fiber is one of the most widely used natiitsrs and it has obtained from sisal plant. E&gf tontains a
number of long, straight fibers which can be rentbire a process known as decortications. During deedions, the
leaves are beaten to remove the pulp and plantialateaving the tough fibers behind. The fibeas de spun into thread
for twine and textile production, or pulped to mabaper products. It is fully biodegradable, greemposites were
fabricated with soy protein resin modified with afhe. Sisal fiber modified soy protein resins, awmnposites were
characterized for their mechanical and thermal erigs. It is a highly renewable resource of eneigigal fiber is
exceptionally durable and a low maintenance withimal wear and tear. It is used in automotive ibictparts (brakes,

clutches), where it imparts green strength to perép and for enhancing texture in coatings.

Figure 1: Sisal Fiber

Kenaf Fibers

Kenaf is known as Hibiscus cannabinus L has a losilt source with both economic and ecological athges.
Kenaf has been used as a cordage crop to prodine, t@pe, and sackcloth. Kenaf has good mechapicgerties and

can grow quickly as it takes only 150 days to hstv&he kenaf fibers can also serve as a virgiarfiiler increasing
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recycled paper quality and paper strength. A wvariet additional uses has developed for the bastrfistrands.
In recent years, with increasing concerns for emvitental protection, kenaf has found more appboati These include
use in automobile dashboards, carpet padding dte.bFeakthroughs and advances in environmentahtéafly have
resulted from intensive testing and research inkieaf industry. Kenaf fiber/plastic compounds lblasa kenaf can
replace glass reinforced plastics in many appbcatisuch as automotive industry, construction anging industry, food
packaging industry, oil and chemical 8 absorbeatsimal bedding and poultry litter, and soil-freettpm mix.

The compounds have the good mechanical strengttacteaistics of glass filled plastics but are leggpensive and in

many instances are completely recyclable.
The fibers, resin and hardener and their compasitiat were used in making a composite plate afellasvs
» Reinforcements: Sisal and Kenaf fibers
» Matrix material: Araldite LY 556
* Hardener: Aradur Hy 951
Sisal and Kenaf Fibers

Sisal fibers have good strength and are highlystast to wear and tear. Sisal fiber composites figativith soy
protein resins are characterized for their mecl@@nd thermal properties. The compositions ofotagielements present
in sisal fiber are as shown in table 1

Table 1: Composition of Elements in Sisal Fiber

Cellulose | Hemi cellulose | Lignin | Waxes | Total
65% 12% 9.9% 2% 100%

Kenaf fiber is known for its binding strength. las its wide range of applications as pulp for paper
Its ability to make strong bonds with other fibenskes it a good form of reinforcement fiber in nmkia composite.

The compositions of various elements in kenaf fdoreras shown in table 2

Table 2: Composition of Elements in Kenaf Fiber

Cellulose | Hemicellulose | Lignin | Waxes | Total
43.7% 24.7% 11.5% 3% | 100%

Resin and Hardener

The resin material that is considered here fori€alion process is Araldite LY 556 and hardeneAriadur HY

951. The properties of these materials are lisedovibtable 3and 4

Table 3: Properties of Resin and Hardener

Araldite Aradur
LY 556 HY 951
Viscosity at 25c | ISO 12058 MPa.s 10,000-12,000 10-20
Density at 28c | I1SO 1675 gm/cq 1.15-1.20 0.97-0.p9
Flash point ISO2719 |°C >200 >180

Property Specification | Units
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Table 4: Properties of the Mixed Solution

Viscosity | Viscosity Gel Time Gel Time | Usable Life Time at
at 25°C at 40°c at 25°C at 40°C 1500 MPa.s
1700 MPa.§ 650 MPajs 120-80 minutes 30 minutes ih0tes

EXPERIMENTAL SETUP

Chemical Treatment

Sisal and kenaf fibers are completely immersed $olation of 6%NaOH solution. This process of tneant of
natural fibers with alkali is known as mercerizatidlercerization reduces fiber diameter, therelyydasing the aspect
ratio, which leads to the development of a rougtiase topography that results in better fiber-nxaimierface adhesion

and an increase in mechanical properties.
Sisal and Kenaf Fiber Treatment

Initially, these two fibers are immersed in NaOHusion separately for two hours at room temperature
In the later stage, the fibers are washed thorgublilimmersing them in water tanks. This obtaineatarial is then
filtered and dried at an optimum temperature fohd8rs. These obtained fibers are treated and preduced for further

stages of testing.
Fabrication of Sisal-Kenaf Fiber Composite

At present with the increase in technological fees, a number of fabrication methods have beamldped into
existence. Each of the methods gained its impogtdrased upon the material to be fabricated andyibe of resin,
hardener used to fabricate a composite. In thidyshand, lay-up method is considered for fabricat sisal-kenaf fibers

with epoxy resin as the binding material.

Consolidation
Roller —,

\ Hesm\

Mould Tool

Figure 2: Hand Lay-up Method

Before fabrication, the base plate is to be cleafedist by scrubbing with an abrasive paper. Thiea,surface
was allowed to dry after cleaning it with a thinneslution. After drying, the surface is coated wililicone gel.
The surface is then given a few minutes to setrbeffee mold lay-up. The resin and hardener used\ealklite LY-556
and Aradur HY-951. These are mixed in proper priipos in a ratio of 10:1 wt% and adequate time given for the
solution to cure. Then the process of fabricat®started by pouring the cured matrix material gfowto the mold to
avoid trapping air. The mixture was left for 2 nmii@si until it became a little tacky. In the lateagst, the sisal fiber ply was
laid unidirectionally on the matrix layer, which piseceded by another layer of matrix poured sloavijo the surface of
the fiber ply. A small pressure was applied by gsarroller to distribute the matrix material andatmid the formation of
voids. Then, kenaf fibers (33 mm) were laid on thetrix layer. Thus layers of sisal-kenaf-sisal-Kesiaal are repeated

simultaneously to produce a required compositee@atshown in figure 3.
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Figure 3: Fabricated Sisal-Kenaf Composite

MATERIAL TESTING

Tensile Test

The main purpose of conducting the tensile tesb isstimate the ultimate strength that can be éeilby any
metal or material. In tensile test as the matésiéleing pulled, we can establish its strength ttogrewith how much it will
elongate. The point of failure of the material issignificant interest and it is typically calletsi“Ultimate Tensile
Strength” (UTS). For some materials (e.g., metaid plastics), the departure from the linear elastgion cannot be
identified easily. These methods are discussed STM E8 (metals) and D638 (plastics). An offset jeafied as a
percentage of strain (for metals, it is usually%9.Zrom E8, and sometimes for plastics, a value & & used).
The stress that is determined from the intersegimint, when the line of the linear elastic reg(@rith slope equal to the
Modulus of Elasticity) is drawn from the offset,doenes the Yield Strength by the offset method. Tmsile test was
conducted in a UTM Lloyd LR100K Testing Machine.eThOkN (2000 Ibf) two column LR100K incorporates thtest
technology and quality engineering. The materia$ Wemded into the machine and the load appliechahe@easing rate
until it reached the maximum tensile load. When tbad reached the maximum tensile load, the sarbpiée.
The load at this point is used to calculate theimar tensile strength of the composite materiakakding to the ASTM

D 638 standards, test specimens dimensions arenin m

- 1000 2
- 1210

Figure 4a: ASTM D790 Standard Specimen 1
(Treated)

20.0

= 115.0 =
- 165 -

Figure 4b: ASTM D790 Standard Specimen 2
(untreated)

Flexural Test

To determine the rupture, bend strength or fracstmength of a brittle material, the flexural tesstonducted on
the specimen. In flexural testing process, trarsevdrending method is the most frequently adaptelinigue as it is
simple, non-time consuming and easy to perfornthisimethod, a rectangular cross-section, is betiltfoactures a three-

point flexural test technique were used. The flakstrength represents the highest stress expedenithin the material
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at its moment of rupture. It is measured in tersteess. When a material is bent, only the extréitrers experience
maximum stress, therefore, if those fibers are frem defects, the flexural strength will be colitrd by the strength of
those intact fibers. However, if the same matasialubjected to direct tension, then all the fiiarthe material are at the
same stress and failure will initiate when the vesaKiber reaches its limiting tensile stress. €fane, it is common for
flexural strengths to be higher than direct tensitengths for the same material. The flexural noslof the composite
specimen determined by three-point deflectionitegiven by the following equation

E(bend)= P
Abh3d

127

100

Figure 5: Flexural Test Specimen

Figure 6: Flexural Test

Where b and h are the width and height of the béamthe distance between the two outer supportsdanthe
deflection due to loa# applied at the middle of the beam. These sizes@isidered from composites prepared according
to the ASTM D 790 standards. All dimensions arenim.

Impact Test

The impact test is conducted to determine the stresponse characteristics of the metal or matesiain it is
subjected to sudden or shock loads. A notchedotese is normally employed and the two methodseimegal use are the
Izod and the Charpy test. The result is usuallyreg as the energy in ft.lbs. or kJ required axtiure the test piece.
Properties of material such as internal stressagner orientation, weak spots (e.g., weld linegate areas), and part
geometry will affect the impact laid on the materihe Charpy impact test, also known as the Charpgtch test, is a
standardized high-strain-rate test, which determittee amount of energy absorbed by a material gufiacture.
This absorbed energy is a measure of the touglofesgiven material and acts as a tool to studyperature-dependent
brittle-ductile transitions. It is applied widely industry, because it is easy to prepare and @indnd because the results
can be obtained quickly and cheaply. However, aomaiisadvantage is that all results are only comipa.

The test specimen size was prepared as per thaasthls 867.
Compression Test

To examine the deformation of the composite whempressive forces are applied on it compressionisest
conducted. Compressive Strength of the treated wamreated sisal-kenaf fiber filled epoxy resin hgbcomposite
materials was obtained by tension test and compeessrength is calculated. The compressive strergjt these
composites was compared using the bar chart asmshowFigure 10. It was found that the treated Idisaaf Epoxy

composite has more compressive strength than tineatied.
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Hardness Test
To determine the extent of the hardness of thé totaposite prepared, hardness test is conducteldeoobtained

specimen. Factors such as toughness, a duralfiihedibers are determined by this test. In thiglg, Rockwell hardness

testing method is considered for determining theliass of treated and untreated fiber composite.

RESULTS AND DISCUSSIONS

Tensile Test Results

The results obtained from the tension test fortteated and untreated sisal-kenaf composite andatziol in
Table 5. The tensile strength of these composigsss@mpared using the bar chart is shown in Figutewas found that
the treated composite has greater tensile strehgththe untreated composite. The Young’s modulikese materials is

compared in Table 5. It was found that the treatadposite has a higher Young’s modulus than urgdeadmposite.

Table 5: Measured Tensile Properties of Sisal - Kexi Epoxy Composite

Specimen | Properties of Sisal —

Considered Kenaf Composite Trail 1 | Trail 2 | Trail 3 | Average

Width(mm) 21.5 21.5 20 -
Thickness(mm) 6.5 6.8 7.2 -
Treated Max.load(N) 4300 4330 4390 -

specimen | Tensile strength(MPa) 30.76 29.61  30.48 30.28
Young's Modulus(MPa 1300 150( 1600 154472

Extension at break(mm) 1.8 1.6 2.5 1.966

Width(mm) 20.5 20.5 20.5 -

Thickness(mm) 6.5 6.5 7.2 -
Untreated | Max.load(N) 3345 3340 3300

specimen | Tensile strength(MPa) 25.1( 25.06 22.35 24.17
Young's Modulus(MPa 1200 115( 1150  1248)66
Extension at break(mm) 1.8 1.4 2.7 1.966

3028

Tensile Strength(MPa)
Treated sample

Untreated sample

Samples ————————

Figure 7: Tensile Strength Comparison Between Tread and
Untreated Sisal-Kenaf Fiber Sample

Flexural Test Results

The results obtained from the flexural tests fore threated and untreated sisal-kenaf composites.
The flexural properties of the untreated sisal-kezy@oxy hybrid composite and the treated sisal-kexpoxy hybrid
composite were measured and tabulated, as shoWabile 6 and the flexural strength of these compssitas compared
using the bar chart, as shown in Figure 8 . Theufid strengths of these materials were comparedtamnas found that
the untreated sisal-kenaf epoxy composite haserélakural strength than the treated. The valdebeFlexural modulus
were shown in table 6. It was found that the téatisal-kenaf epoxy composite has a higher Flexm@dulus than the

untreated sisal-kenaf composite
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Table 6: Measured Flexural Properties of Sisal-KenREpoxy Composite

Specimen . : . :
Considered Properties Trail 1 Trail 2 Trail 3 Average
Treated 1 \yigih (mm) 12.48 12.09 12.8 :
Specimen
Thickness (mm) 8.29 8.65 8.82 -
Max load (Kgf) 123 109 105 -
Flexural strength
(MPa) 30 30.2 35 31.77
Flexural
modulus (MPa) 5500 5600 6200 5766.66
Untreated | \vigth (mm) 13 13.65 13.8 i
Specimen
Thickness (mm) 8.5 7.65 7.02 -
Max load (Kgf) 198 177 196 -
Flexural strength
(MPa) 33.64 40 46 39.88
Flexural
modulus (MPa) 3200 5900 5400 4833.33

Flexural Strength(MPa)

Samples

Figure 8: Flexural Strength Comparison Between Treted and
Untreated Sisal-Kenaf Fiber Sample

Impact Test Results

The results obtained from the impact tests forté@aand untreated sisal-kenaf composite are tadulilsx 7.
The impact strengths of these materials were coedpasing bar chart shown in figure 9. It is fouhdttthe treated sisal-

kenaf epoxy composite has greater impact streihgth the untreated composite

Table 7: Measured Impact Properties of Sisal-KenaEpoxy Composite

. : Impact
: Width Thickness Impact
Specimen Strength
(mm) (mm) Energy(J) (JImm?)
Un Treated 1.5 0.8 7 5.83
Treated 15 0.8 12 10
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10

Impact Strength(J/mnr’)

“r
Samples

Figure 9: Impact Strength Comparison Between Treateé and
Untreated Sisal-Kenaf Fiber Sample

Compression Test Results

The compressive properties of treated and untresisadi kenaf reinforced composite along with epesin are
tabulated 8 and the compressive properties arersiowigure 10. It was found that treated sisalafespoxy composite
has more compressive strength than the untreated

Table 8: Measured Compressive Properties of Sisaldhaf Epoxy
Composite (Treated and Untreated)

Untreated Trail-1 Treated Trail-1
Specimen | Width(mm) 25 Specimen | Width(mm) 25
Thickness(mm) 15 Thickness(mm) 15
Max.load(N) 7850 Max.load(N) 8942
Compressive Compressive
Strength(MPa) 26.16 Strength(MPa) 29.80

29.80
304

26.16

25

T 20

Untreated sample
Treated Sample

Samples

Figure 10: Compressive Strength Comparison of Tread
and Untreated Sample

Results of Rockwell Test

The Rockwellhardness test method as used to determine thedsarar the composite and defined in ASTM
E10. The materials that have a structure thatast@mrse or that have a surface that is too rondje ttested using another
test method, e.g., castings and forgings. In thidys Rockwell testing often used a load (60 kgl anvs inch steel ball
indenter and dwell time is 5seconds, so that tiseiltieg indentation averages out the most surfatwk sub-surface
inconsistencies. A Rockwell hardness result measiine permanent width of indentation produced bteal ball indenter
applied to a test specimen at a given load, fav@nglength of time. It was found that treated Iskenaf epoxy composite

has more Hardness than the untreated sisal-kenay emposite as shown in figurell
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Table 9: Comparison of Rockwell Hardness for Treatd
and Untreated Samples

S.No | Hardness | Trail1 | Trail 2 Trail 3 Average | Scale

p |Untreated | g5, | gn7 81.8 89 L
sample

o | Treated 988 | 1009 | 921 97 L
sample

100

89

80

60

404

Rockwell Hardness(HRL)
Untreated sample
Treated sample

20

0

Figure 11: Rockwell Hardness Comparison of
Treated and Untreated Sample

CONCLUSIONS

From the obtained experimental results it can beclemled that chemically treated sisal-kenaf epaxyposite
exhibited better mechanical properties than urgceaample. The Tensile strength of alkali treatiedl-&enaf epoxy
composites and untreated sisal-kenaf epoxy comgsosiere found to be 30.28MPa and 24.17MPa and ¢'sumodulus
of these composites were found to 1544.72MPa ad®.68MPa. The flexural strength of untreated disalaf epoxy
composite was found to be greater than that ofréeed sisal-kenaf epoxy composite. The propevie® improved by
the alkali treatment process. The impact energycamdpressive strength of Alkali treated sisal-kegdxy composites
and untreated sisal-kenaf epoxy composites werendfoto be 10J/mfn 5.83J/mri and 29.80MPa, 26.16MPa.
The Rockwell hardness of alkali treated sisal-keepbxy composite is more than the untreated sesaék epoxy
composites the hardness were found to 97RHL anBH9. These excellent mechanical properties of @ aisal-kenaf
epoxy composite contribute its involvement as asBtitie element for many artificial composites andtals exhibiting
similar characteristics. In this study, the fibezight fraction of 30% has been used. This ratiolmamodified as per the

requirements in the application purposes and coitgpoan be remodified.
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