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Abstract. This work investigated the mechanical properties of polymeric composites reinforced with sisal fibre. Tensile
and flexural tests were carried out in the phases respectively: fibre of sisal and epoxy resin. The experimental results
were used in the micromechanics analysis in order to estimate the modulus of elasticity and the flexural strength of the
composites. The samples were manufactured by a manual lamination process and flexural tests were performed. A
comparison between the experimental results and the micromechanics analysis was conducted. The mean of flexural
strength and modulus of elasticity of the composites were: 71,96 MPa and 2,76 GPa, respectively. The micromechanics
analysis allowed to verify the mechanical behaviour of the developed composites based on the characterization of the
individual phases. The experimental results were close to the estimated results obtained through the micromechanics
analysis, identifying a quasi-perfect condition of the interface. The incorporation of 10 wt-% of sisal fibres in the epoxy
resin provided an increase of 38% in the flexural strength and 28% in the modulus of elasticity, showing a significant
enhancement of the final mechanical properties.
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1. INTRODUCTION

The addition of lignocelluloses materials as afatement in polymeric composites has been thesfafumany
researches due to their low cost and low specifiéght (Rozmanret al., 1998); and also the requirements of the
legislative authorities in order to avoid synthdtires making the consumers aware of the necessityeserving the
environment and natural sources (Silva, 2003).

Natural fibres are cheaper than synthetic fibreb @ be substituted in many applications wher¢ isahe most
important factor besides the strength. Naturalefibsuch as jute, sisal, coconut, banana and pilee&jpe been
extensively used as reinforcement in polymeric ixesr (Ghavami et al., 1999; Mohardyal., 2002; Wambuat al.,
2003; Saheb and Jog, 1999). The use of sisal ticplarly interesting due to the high impact, témsnd flexural
strengths they exhibit when compared to othersrabfibres.

In thermoset composites the fibres are commonlyldned with resins of polyester, phenolic and epdyis type
of polymer develops reactive groups that providdrang interface condition. Several works have bemmied out on
thermorigid polymeric matrices in order to inveatg the effects of the volume fraction of fibresl ghe type of
chemical treatment on the mechanical propertigsetomposites (Kaddardi al., 2006; Oksmanet al., 2003).

Roe et al. Apud Saheb and Jog (1999) have stutiedbéhaviour of mechanical properties of polyester/
composites as a function of the fibre volume fi@ttiAn increase of the modulus of elasticity angl tdnsile strength
up to 60% of fibres has been observed, decreasithghigher fibre fractions due to the absence sfrrapread along
the fibres.

Jain et al. Apud Saheb and Jog (1999), have irgagsti the properties of epoxy composites reinfowigld fibres
of bamboo and leaf of banana tree with a volumétsction varying up to 85% of fibres. The banaitaefs provided
larger tensile and flexural strengths over the baoribre composites.
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The mechanical properties of natural compositegémn many parameters, such as fibre volume dradngth
of fibres, interface condition, fibre orientationdamainly the capacity of stress transference betwhe fibre and the
matrix. Most studies on natural composites invdhe analysis of the mechanical properties of theefithe effect of
different chemical treatments in the fibre and #uglition of monomers (Gomes al., 2007). The micromechanics
analysis is commonly used to estimate the effeginaperties of the composites through the charaetigon of the
individual phases (Stellbrink, 1996).

This work focus on the development of polymeric posites manufactured with epoxy resin and fibreisél. The
mechanical properties such as modulus of elastity flexural strength were investigated. A microh@nics analysis
was carried out in order to verify the performantéhe material through the comparison betweeretfextive and the
experimental properties.

2. MATERIALS AND METHODS

The composite investigated in this work consista bfo-phase material: the first one is known asrtiatrix phase
(epoxy resin), being continuous and involving ththeo phase, namely as dispersive phase (fibredsaf).sThe
unidirectional continuous-fibre composite is a laate made up of fibres distributed in the samectoe.

2.1 Matrix phase: epoxy resin

The thermoset matrix used in this work was the gp@sin constituted of two parts, Araldite LY 1564d HY
954, both manufactured by Huntsman Company Ltdeati® of 90 parts in weight of the resin (LY 1564j 10 parts
in weight of the hardener (HY 964) was adopted.

Flexural tests were carried out in the matrix phiaserder to obtain the mechanical properties,utek strength
and modulus of elasticity, which are used for thi'eramechanics analysis of the composites. The flxtest
procedure followed the recommendations of ASTM-R2301991). Five samples of each experimental cammivere
tested using EMIC-DL2000 testing machine.

Figure 1. Flexural test in the epoxy resin.

2.2 Dispersive phase: sisal fibre

The sisal fibre was characterized through the kensiechanical test. Five samples were tested usM{C-
DL2000 testing machine. The specimen is a singeefof sisal fixed by a resin moulded in its extitgn (Figure 2).
The apparent density of the fibres was determihesligh the Archimedes principle, following the resoendations of
British Standard 10545 (1997).
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Figure 2. Tensile test for the fibre of sisal, diad.

2.3 Manufacturing process

The hand lay up process was adopted to manufatttekaminates of unidirectional fibres of sisalw&oden plate
was used to distribute the fibres and form a plgisél (Figure 3). Three millimetres were set a&sdlstance between
the parallel fibres.

Figure 3. Sisal ply manufacturing process.

The laminate of sisal/epoxy was cured during salays, after that the samples were cut using agioecsaw to
obtain prismatic specimens (2mm x 10mm x 70mm}Herflexural test(Figure 4).

Figure 4. Prismatic sample for flexural test.
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3. EXPERIMENTAL RESULTS

3.1 Matrix phase: epoxy resin

The flexural test results for the epoxy resin arespnted in Table 1. A flexural strength of 52,1avidéhd a
modulus of elasticity of 2,15GPa were obtained. frtezhanical behaviour of the epoxy matrix is shawkigure 11
in order to be compared to the composite behaviour.

Table 1. Mechanical properties of the epoxy maititained through the flexural test.

N=5 Flexural strength Modulus of elasticity
(MPa) (GPa)
Mean 52,17 2,15
Standard +0,923 +0,072
Deviation

3.2 Dispersive phase: fibre of sisal

Due to the large variability of the transversaltset of the natural fibre, the diameter was setsabgring the
average of five measurements using a digital veatidifferent points of the fibre. Table 2 shoWwe tensile test results
for the sisal fibre, exhibiting a tensile strengft62MPa and a modulus of elasticity of 8,02GH# @pparent density
of the fibre was 1,36g/cm3.

Table 2. Tensile test results for the fibre of lsisa

N=5 Diameter | Tensile strength. Modulus of elasticity
(mm) (MPa) (GPa)
Mean 0,234 462 8,02
Standard 10,014 123,05 +1,457
Deviation
Apparent density: 1,36g/cm3

The mechanical behaviour of the sisal fibre duthmgtensile test is shown in the stress-straingfiétigure 5. Two
types of failure were consistently observed dutimg tests, namely “normal behaviour” and “earlyuisa behaviour”.
Although the most of the samples has presentedraatdehaviour, it is important to emphasize thespnce of early
failure of some fibres. The normal behaviour exeiiuniformity until the tensile stress of 250MPFaom this point
the fibre suffered a large strain with intense afaility of stress, indicating a partial failure tfe fibre. When the
specific deformation reaches a value of approxima@@75 mm/mm, the sisal fibre stabilizes exhifgtia significant
recovery of strength up to 460MPa. On the otherdhdéime early failure can be justified by the irrleguransversal
section of the fibre, causing large concentratibsti@ss.
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Figure 5.Tensile test of the fibre of sisal, noriahaviour and early failure.

3.3 Composite: epoxy/sisal

The flexural test of the composites was carried following the recommendations of British Standa®©62
(1997). A test set consisted of 5 prismatic testcspens. The flexural strength data varied from76R|Pa to
81,41MPa and the modulus of elasticity data vairiech 2,59GPa and 2,93GPa (Table 3).

Table 3. Flexural test results of the compositexgfiitore of sisal.

N=5 Flexural strength Modulus of
(MPa) elasticity (GPa)
CP1 62,76 2,59
CP2 69,39 2,93
CP3 81,41 2,92
CP4 73,66 2,71
CP5 72,57 2,65
Mean 71,96 2,76

The flexural mechanical behaviour of the naturahposite is presented in the plot of Figure 6. Tiness-strain
curve showed a small variation when the streseas 87 MPa. This variation can be explained dubéanitial failure
on the bottom surface of the composite where thsileestress is extreme; moreover, this regiororamosed of a fine
resin layer and the absence of fibres, resultirg éntical area, more susceptible of imperfections
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Figure 6. Flexural test of the composite epoxy#ibf sisal.

After the occurrence of this superficial failure tload was transferred to the fibres which achasstiffener phase
until the failure of the material. It is importattt say that the fibres situated on the upper serfscthe composite
remain unbroken where the compressive loads amitteld (Figure 7).

Figure 7. Optical microscope image, matrix failure.

The strong adhesion between the matrix and theedisg phases contributed to the enhancement of the
mechanical properties avoiding the delaminatiorcess and the early failure of the laminated conteo3ihe plot of
Figure 8 shows the behaviour of the composite hagbdlymeric matrix phase during the flexural tskgwing that the
fibre of sisal exhibits a significant importance timee mechanical strength and the modulus of elgstaf the
composites.
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Figure 8. Flexural testing, comparative plot betwtee composite and the epoxy matrix.

It is concluded that the addition of 10% (in wejgbit fibres in the epoxy resin provided a percectéase of 38%
on the flexural strength and 28% on the modulusladticity data, representing a significant enhararg on the final
mechanical properties.

Based on the properties of the phases individualynicromechanics analysis was carried out. Thectfe
flexural strength and modulus of elasticity werdedmined through the rule of mixture (Eq. (1)), g@eting the
following values: 93,15 MPa and 2,74 GPa, respeltivl hese results were calculated for the compaside of 10%
of fibres and 90% of matrix (Figure 9) in orderclmmpare with the experimental data.

C'=V;Ci+ Vy,Cr 1)

Where:
C'= effective mechanical properties
V¢, Vi, = volume fraction of fibre and matrix.

C:, G, = experimental properties of the phases: fibreraattix.
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Figure 9. Micromechanics analysis, estimation oflmos of elasticity and flexural strength propestie

The mean of flexural strength of the compositesioled by the mechanical test was 71,96 MPa, whiehns a
decrease of 30% compared to the estimated datatf@micromechanics analysis. This difference aexplained by
the presence of an early failure of fibres in thmmposite due to the concentration of stress prangeftom
irregularities of the transversal section of thedi The properties of the individual phases ofdbeposite used in the
micromechanics analysis were obtained from theiltetesst of the fibres and the flexural test of #poxy resin. The
effective (2,76GPa) and the experimental (2,74GiRadlulus of elasticity results were similar indicgtia strong
interface condition.

4. CONCLUSION

The mechanical behaviour of the investigated cotitgmss affected directly by the properties of 8isal fibre,
exhibiting an increase of 38% on the mechanicansfth and 28% on the modulus of elasticity in comspa with the
values found for the pure matrix phase. The mearthefflexural strength and the modulus of elastiaf the
composites were respectively: 71,96 MPa and 2,78. GRe micromechanics analysis allowed to verity biehaviour
and the mechanical performance of the compositedas the characterization of the properties of phases
individually. The experimental results were simitarthe effective properties found by the micromatbs analysis,
indicating a quasi-perfect interface condition atftys, confirming the properties and the final parfance of the
developed composites.
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