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ABSTRACT

The fracture behavior of coconut fibers reinforcedlyester
composite depends on different fibers orientationasw
experimentally investigated under static loadingditions. The
static uniaxial tensile and flexural loading forrdh (random
discontinuous, longitudinal and woven directionz@out fibers
reinforced polyester composite was implemented guservo
hydraulic material testing machine. The microstiuet was
observed using SEM observation in order to bettetetstand
damage mechanism during the stress of polyesteseptBEM
observation on fracture surface can provide immobiitsformation
for research and development as well as fractuatysis. It was
found that fracture modes were considerably diffeffer these
composites. The random discontinuous coconut fibersposite
fracture caused by defects in fiber pull out, tlagitudinal
coconut fibers composite fracture caused by matréxcking and
delamination, the woven coconut fibers fracture seau by
debonding and void. Based on the SEM observatisulte the
fracture behavior was determined and it was foumat static
loading conditions and fiber direction influencee ttiracture
surface of coconut fibers reinforced polyester cosite.

KEY WORDS: SEM, fracture surface, coconut fibers,
composite.

1.0INTRODUCTION

A composite material is a macroscopic combinatiébriwve or

more distinct materials, having a recognizablerfate between
them. Composites are used not only for their stimattproperties,
but also for electrical, thermal, and environmerapplications.
Modern composite materials are usually optimizecidhieve a
particular balance of properties for a given ranfjapplications.
Given the vast range of materials that may be densd as
composites and the broad range of uses for whighposite
materials may be designed, it is difficult to agrgmn a single,
simple, and useful definition. However, as a commpoactical

definition, composite materials may be restrictedetmphasize
those materials that contain a continuous matrixstituent that
binds together and provides form to an array dfenger, stiffer
reinforcement constituent. The resulting commosiaterial has
a balance of structural properties that is supetwreither
constituent material alone. The improved stratproperties
generally result from a load-sharing mechanism.hdlgh

composites optimized for other functional propertighesides
high structural efficiency) could be produced frammpletely
different constituent combinations than fit thisrustural

definition, it has been found that composites deyetl for
structural applications also provide attractivef@®nance in
these other functional areas as well [1].

Natural fibers such as coconut fibers are used stimo
exclusively in polymer matrix composites. The udenatural
fibers with the natural-oil resins described harepromises to
give economical, potentially biodegradable or réayle
engineering materialsThe advantages of natural fibers include
low cost, low density, unlimited and sustainablaikbility, and
low abrasive wear of processing machin@].

Natural plant fibers reinforced polymeric compasiaéso
has some disadvantages such as the incompatibéityeen the
hydrophilic natural fibers and hydrophobic thernaspic and
thermoset matrices requiring appropriate use ofsigay and
chemical treatments to enhance the adhesion betfilsens and
the matrix [5].

Numerous publications can be found on the SEM
observation of natural fibers reinforced polyestemposite. A
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polymer matrix composite contains the various ratfibers as
the reinforcement phase was successfully fabricated the
homogeneity of natural fibers-matrix combinationsd atheir

bonding structures was characterized through SEdlysis [6].

The effect of the addition of a resin impregnatjprocess on
static strength of the injection molded compositess

investigated by carrying out tensile and bendirgistefollowed

by SEM observation of fiber surface and fracturefane of

composites [7]. The tensile properties, flexurabparties and
hardness increase with the increase in the weigidtién of

natural fibers to certain extent. The morphologyomposites is
studied by using SEM [8]. SEM observation of a spea cross
section can provide important information for reskaand

development as well as fracture analysis. In mases, surface
observation alone cannot compare to the crossosettiimage of
granular materials, layered materials, fibrous mwate and

metallic coatings, etc [9].

2.0EXPERIMENTAL METHOD

2.1 Specimen preparation

The specimens chosen for this investigation wermot fiber
and polyester eternal 2250. Coconut fibers weretneated with
NaOH 1 M (5% wi/v) for 60 minutes under constanesteg at
room temperature. Once the time of treatment washex, the
solution was filtered in a vacuum filter and fibevere washed
with distilled water until neutral pH was attainethen, fibers
were dried in an oven at %D for 24 hours. Coconut fibers
reinforced polyester composite consists of a 30%owcot fibers
and 70% polyester volume fraction.

The composites were manufacture in a glass mold (3®
x 300 mm). For the preparation of composites wesedu
polyester resin and treated coconut fibers. Thepomites were
prepared by vacuum assisted resin infusion tecleniqthe
polyester resin were mixed manually. Furthermore fibers
were added.

The static uniaxial tensile and flexural loading three
(random discontinuous, longitudinal and woven dicen
coconut fibers reinforced polyester composite waplémented
using servo hydraulic material testing machine.

2.2 Experimental setup
The standard used is ASTM D638- 03 the gauge leagthcross
head speeds are chosen according to the standard.

Figure 1: Tensile testing machine

The test is carried out in Universal Testing Maeh{t TM)
at room temperature as shown in Figure 1. The itesilves
application of tension in the work piece until fadture. The
tensile stress recorded according to strain. Tstecienducted for
the following combinations and corresponding grigpblotted.

The three points bending flexural test of composémple
is carried out in ASTM D 790 test standard. In fled test, a
uniaxial load was applied through both the end laswa in
Figure 2.

Figure2: Flexural testing machine

The microstructure was observed using SEM obsenvarti
order to better understand damage mechanism diménstress of
polyester phase. SEM observation on fracture serfao provide
important information for research and developmestwell as
fracture analysis.

The morphological characterization of the composite
surface is observed in scanning electron microscééESCAN
VEGA3 as shown in Figure 3. TESCAN offers the LaB6
lanthanum hexaboride — electron source as an gptibith can
be classified as somewhere in-between the Schettifter and a
tungsten heated filament.

Figure3: TESCAN VEGA3

3.0 RESULTSAND DISCUSSION

Three different orientation of coconut fibers comip® were
subjected under static uniaxial tensile and flekioading. The
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influence of coconut fibers orientation on statiwaxial tensile
and flexural properties were studied [10]. The lamjnal
orientation of coconut fibers resulted in a maximtensile and
flexural strength [10].

The fracture surface of coconut fibers reinforcetiygster
composite was analyzed by SEM. From SEM observattois
found that different fibers orientation may be doghe changed
microstructure which is influence for the fracturehavior and
damage mechanism of coconut fibers reinforced ptdye
composite. It shows that the morphology of thetfree coconut
fibers composites revealed the tensile and flexuehbhvior.

Figure 4 shows the fracture surface of
discontinuous coconut fibers reinforced polyestempgosite
under static uniaxial tensile loading. It was okiedrthe random
discontinuous coconut fibers composite fracturesediby defects
in fiber pull out.

SEM HV: 15.0 kV WD: 11.33 mm Ll

SEM MAG: 21 x Det: BSE 2mm
LowVac, 15 Pa, N:  Date(m/dly): 12/01/16

VEGA3 TESCAN

Performance in nanospace

VEGA3 TESCAN

SEM HV: 15.0 KV
SEM MAG: 500 x
LowVac, 15 Pa, N:  Date(midly): 12/01/16

Det: BSE 100 ym
Performance in nanospace

Figure4: SEM on fracture surface of random discontinuous
coconut fibers composite subjected to uniaxialitethsading

Figure 5 shows that fracture occurs because ottefiber
pull out. It indicates that the random discontinsigmproved the
interfacial bond strength between matrix and fitbecreasing the
value of the flexural strength of the compositem®doad transfer
between fibers and matrix is possible by interfafieces due to

random

matrix shrinkage into the fibers. The friction puocgs a non-
uniform stress along the debonded fibers. Afterctiree, the
coconut fibers composite typically shows a matriae& plane.
Analyzing Figure 4 and 5, it was observed the ramdo
discontinuous of coconut fibers, which can decrea$ethe
interfacial bond strength between fibers and matrix

SEM HV: 15.0 kV WD: 12.07 mm
SEM MAG: 20 x Det: BSE
LowVac, 15 Pa, N:  Date(m/d/y): 12/01/16

VEGA3 TESCAN|

Performance in nanospace

SEM HV: 15.0 kV WD: 12.07 mm VEGA3 TESCAN

SEM MAG: 500 x Det: BSE 100 pm

LowVac, 15 Pa, N: |Date(m/dly): 12/01/16 Performance in nanospace

Figure5: SEM on fracture surface of random discontinuous
coconut fibers composite subjected to static flaklmading

Figure 6 shows the fracture surface of longitudowdonut
fibers reinforced polyester composite under statiaxial tensile
loading. It was observed the longitudinal coconibers
composite fracture caused by matrix cracking arldndi@ation.
The load carried by the matrix, is transferred lgas to the fibers
which are still intact. A crack at the interfacepagates from the
matrix crack surface along the fibers.

Figure 7 shows matrix cracking area which occurs in
longitudinal coconut fibers larger than the randdistontinuous
fibers direction. It indicates the value of thexfieal strength of
longitudinal coconut fibers is higher than the ramd
discontinuous coconut fibers composite becauseirttesfacial
bond strength between fiber and matrix increashreg walue of
the flexural strength of the composite.
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SEM HV: 15.0 kV WD: 12.25 mm | VEGA3 TESCAN SEM HV: 15.0 kV WD: 12.19 mm VEGA3 TESCAN
SEM MAG: 20 x Det: BSE 2mm SEM MAG: 20 x Det: BSE 2mm
LowVac, 15 Pa, N:  Date(m/dly): 12/01/16 Performance in nanospace LowVac, 15 Pa, N:  Date(m/dly): 12/01/16 Performance in nanospace
SEM HV: 15.0 kV WD: 12.25 mm | [ | VEGA3 TESCAN| SEM HV: 15.0 kV WD: 12.19 mm | 1] | VEGAS3 TESCAN|
SEM MAG: 500 x Det: BSE 100 pm SEM MAG: 500 x Det: BSE 100 pm
LowVac, 15 Pa, N: Date(m/dly): 12/01/16 Performance in nanospace LowVac, 15 Pa, N:  Date(m/dly): 12/01/16 Performance in nanospace
Figure 6: SEM on fracture surface of longitudinal coconbefis Figure7: SEM on fracture surface of longitudinal coconbefis
composite subjected to static uniaxial tensile ilogd composite subjected to static flexural loading
Figure 8 shows the fracture surface of woven disooous
coconut fibers reinforced polyester composite undiatic
uniaxial tensile loading. It was observed the woweconut fibers
composite fracture caused by delamination and voidhe
delamination and void are pores that remains urmeduin the
coconut fibers composite. The void is typically ttesult of an
imperfection from the processing of the material @generally
deemed undesirable. From SEM observation in Figyrd is
found the void decrease the static tensile stremticoconut
fibers composite [11]. Figure 9 shows that fracturecurs
because of delamination. It indicates that the wawgproved the
separate layers between matrix and fiber decredbmgalue of
the flexural strength of the composite. The domingailure
. . SEM HV: 15.0 kV WD: 12.37 mm | 111 VEGA3 TESCAN
decrease the flexural strength of woven coconér§iltomposite. SEMMAG: 21 x DetBSE | 2mm
The fracture Surface resulted In VOIdS and defmunated LowVac, 15 Pa, N:  Date(m/dly): 12/01/16 Performance in nanospace
from matrix cracking. At the time of the load oretbomposite,
the matrix will be plastically deformed early retsofl the void and
matrix cracking which are in the matrix, the defatimn of the Figure8: SEM on fracture surface of woven coconut fibers

matrix is spread down the fiber. It will have dreppout early and composite subjected to static uniaxial tensile ilogd
produces fiber pull out, debonding and delamination
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This work has reported the SEM observation on fr@csurface
of coconut fibers reinforced polyester compositewas found
that fracture modes were considerably different these
composites. The random discontinuous coconut fibersposite
fracture caused by defects in fiber pull out, tlagitudinal
coconut fibers composite fracture caused by matcking and
delamination, the woven coconut fibers fracture seau by
debonding and void. Based on the SEM observatisalt® the
fracture behavior was determined and it was foumat static
loading conditions and fiber direction influencee ttiracture
surface of coconut fibers reinforced polyester cosite.

SEM HV: 15.0 kV WD: 12.37 mm Ll VEGA3 TESCAN
SEM MAG: 500 x Det: BSE 100 pm

LowVac, 15 Pa, N:  Date(m/dly): 12/01/16 Performance in nanospace AC K N OW L E DG E M ENT S
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