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ABSTRACT

The incorporation of silicon carbide (SiC), Alumina (Al,O,) and pine bark
dust (PBD) fillers on three-body abrasive wear behaviour of random glass
fiber-epoxy resin (RGF-Epoxy) composites has beeninvestigated. Dry sand/
rubber wheel abrasion testswere carried out at 200rpm test speed. Thetests
were carried out at 50N and 75N |oads by varying the abrading distance from
200 to 600m. The massloss and specific wear rate of the compositesreduces
significantly on the addition of SiCfiller. The predominant wear mechanisms
inthe case of Al,O, composite were plastic deformation, micro-cutting, pit-
ting in the matrix, and fibre removal. In the case of SiC composite the wear
mechani smswere micro-cutting, ploughing, fragmentation of wear debrisin
the matrix and excessive deterioration of fibre surfacefollowed by delamina-
tion, whilein pine bark duststhe wear mechani smswere micro-cutting in the
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resin matrix and tearing the fibre transversely at their ends.

© 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Polymer matrix compositesare beingincreasingly
used inindustry because of their unique combination of
mechanicd, eectrica, andthermal properties. Typicaly
they have high specific strength and modul us, excellent
fracturetoughnessand fatigue properties, and good cor-
rosion, therma and el ectrica resistanceproperties. This
combination of properties, particularly their high strengthy
stiffnesstoweight ratio, makethem very attractivema:
terialsfor transport applicationswherethereis com-
mercia advantagein minimizing vehicleweight. One
such applicationisinthetransgport and handling of bulk
solids. However, their usein thisapplicationislimited

by anincompl ete understanding of their abrasion wear
resistance and the means by which this can be con-
trolled and improved. Abrasivewear is caused dueto
hard particles or hard protuberances that are forced
against and move along asolid surface. Theabrasive
wear processistraditionally divided into two groups:
two-body and three-body abrasive wear. In two-body
abrasion, wear is caused either by hard protuberances
on one surfacewhich can only slide over the other or
by therolling and diding of hard free-particleson solid
surfaces, theformer isnamed astwo-body fixed abra-
sivewear and the latter two-body free-abrasive wear.
Inthree-body abrasion, particlesaretrapped between
two solid surfacesbut arefreetoroll aswell asslide.
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Therateof materia removal inthree-body dorasionis
oneorder of magnitudelower than that for two-body
fixed-abrasivewear!!, becausein three-body abrasion
theloose abrasive particles abrade the solid surfaces
between which they aresituated only about 10% of the
timeindiding, whilethey spend about 90% of timein
ralling?.

Also in the literature, two-body and three body
abrasionisusually discussed separately. Engineering
polymers and polymer based compositesarewidely
used indesign. Polymersand their composites are of -
ten required to movein contact with hard abrasive. In
recent years research has been devoted to exploring
the potential advantage of athermoplastic matrix for
compositematerids. Onesuch matrix isolyaryletherke
tone (PAEK), which showsexceptiona propertiesdue
toitssemicrystdlinecharacter and molecular rigidity of
itsrepeating units. Itshigh strength and modul us, better
toughness, thermal stability, easy processing, chemica
inertness, wear and radiation resistance, makeit anided
material for advanced composites. A largeamount of
data on abrasive wear behaviour of PEEK and their
compositesreinforced with fibresandfillershavebeen
reported®9. Cirinoet a.*“ reported thediding aswell
asthe abrasive wear behaviour of continuous glass,
carbon and aramid fibrereinforced PEEK. Lhymn et
al ¥ investigated the abrasive wear of short carbon fi-
bre (CF) reinforced PEEK . Voss and Friedrich® stud-
ied the sliding and abrasive wear behaviour of short
glass and CF reinforced PEEK composites at room
temperature. Briscoe et al.I") reported abrasive wear
behaviour of PEEK filled PTFE and PTFEfilled PEEK.
Incorporation of PEEK in PTFE reduced wear rate of
PTFE while wear rate increased in the latter case.
Harshaand Tewari®¥ investigated two-body abrasive
wear behaviour of variousshort fibresreinforced PAEK
composites. The aboveinvestigationswere concen-
trated on two-body abrasion studies of PAEKs and
their compositesagainst abrasive papers. According to
theauthor’s knowledge, no study is available in the lit-
erature on three-body abrasive wear behaviour of pine
bark dust reinforced epoxy glassfiber matrix compos-
ites.

Thispaper reportsastudy of thewear performance
of four different compositeswith and without filler con-
tent during abrasion by hard solidsparticles. The bulk
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solid abrasiveswere applied to the surface of thetest
surfacesunder conditionscommoninindustryinwhich
therewaslimited constraint of thetransport of the bulk
solid particles. Assuch, three-body wear waspossible,
depending on theabrasve/surfaceinteraction. Thepur-
pose of thisstudy wasto shed light onthetransition
between the effectsof thefiller content and the wear
mediaon thewear mechanismsinvolved wereinvesti-
gated through scanning e ectron microscopy (SEM) and
welght [ossmeasurements.

2.EXPERIMENTAL

2.1. Specimen preparation

E-glassfibers (360 roving taken from Saint Govion)
arereinforced with Epoxy LY 556 resin, chemically be-
longing to the ‘epoxide’ family is used as the matrix
material. [tscommon nameis Bigphenol A Diglycidyl
Ether. Thelow temperaturecuring epoxy resin (Araddite
LY 556) and corresponding hardener (HY951) are
mixed inaratio of 10:1 by weight as recommended.
Theepoxy resnand the hardener are supplied by Ciba
Geigy India Ltd. E-glass fiber and epoxy resin has
modulus of 72.5 GPaand 3.42GParespectively and
possess density of 2590 kg/m? and 1100kg/m? respec-
tively. Composites of four different compositionssuch
asOwt%filler, 10wt%Al,O,, 10wt% SiC and 10wt%
pinebark dust are made and thefiber loading (weight
fraction of glassfiber inthe composite) iskept at 50%
for dl thesamples. Thecastings are put under load for
about 24 hoursfor proper curing at room temperature.
Specimens of suitabledimension arecut usingadia
mond cutter for physical characterization and erosion
test.

2.2. Density

Thetheoretical density of composite materiasin
termsof weight fraction can easily be obtained asfor
the following equations given by Agarwal and
Broutman(*¥,

1
Po = @
“ (W Ipg )+ (W, fpy)
Where, W and p represent the weight fraction and density re-
spectively. The suffix f, m and ct stand for the fiber, matrix and

the composite materialsrespectively. The compositesunder this
investigation consists of three components namely matrix, fiber
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and particulatefiller. Hence the modified form of the expression
for the density of the composite can be written as

1
p =
« (Wf /pf)+(Wm /pm)+(wp /pp)
Where, the suffix ‘p’ indicates the particulate filler materials.
The actual density (P_) of the composite, however, can be
determined experimentally by simple water immersion tech-
nique. The volume fraction of voids (V) in the compositesis

calculated using the following equation:

)

v, =P "Pee €)
Pct

2.3. Tensilestrength

Thetensontestisgenerdly performed onflat speci-
mens. Themost commonly used specimen geometries
are the dog-bone specimen and straight-si ded speci-
menwith endtabs. A uni-axia loadisapplied through
theends. TheASTM standard test recommends that
the specimenswithfibersparalel totheloading direc-
tion should be 11.5 mmwide. Length of thetest section
should be 100 mm. The test-piece used here was of
dog-bonetypeand having dimensionsaccording to the
standards. Thetension test was performed on all the
three samplesasper ASTM D3039-76 test standards.

2.4.Flexural strength

Thedetermination of flexural strengthisanimpor-
tant characterization of any structura materid. Itisthe
ability of amaterial to withstand the bending before
reaching thebresking point. Conventionaly athree point
bendtestisconductedfor finding out thismaterid prop-
erty. Inthe present investigation al so the composites
were subjected to thistest in atesting machine Instron
1195. A span of 30 mmwastaken and cross head speed
wasmantained at 10 mm/min. Thestrength of amate-
rid in bendingisexpressed asthe stresson the outer-
most fibers of abent test specimen, at the instant of
falure Inaconventiond tegt, flexurd strength expressed
inMPaisequal to

Flexural Srength =3PL / 2bd?

Where P=applied central load (N), L= test span of the sample
(m), b= width of the specimen (m), d= thickness of specimen
under test (m)

2.5.Micro-hardness
Micro-hardnessmeasurement isdoneusingal etz
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micro-hardnesstester. A diamond indenter, intheform
of aright pyramid with asguare baseand an angle 136°
between oppositefaces, isforced into themateria un-
der aload F. Thetwo diagonals X andY of theinden-
tationleft onthe surface of thematerid after remova of
theload are measured and their arithmeticmeanL is
calculated. Inthe present study, theload considered F
= 24.54N and Vickers hardness number is calculated
using thefollowing equation.

Hy = 0.1889% 4)

andL = (X+Y)/2
Where F is the applied load (N), L is the diagonal of square
impression (mm), X isthe horizontal length (mm) and Y isthe

vertical length (mm).
2.6. Impact strength

Low velocity instrumented impact testsarecarried
out on composite specimens. Thetestsaredoneasper
ASTM D 256 using an impact tester. The pendulum
impact testing machine ascertains the notch impact
strength of the material by shattering the VV-notched
specimenwithapendulum hammer, measuring the spent
energy, and relating it to the cross section of the speci-
men. The standard specimenfor ASTM D 256is64
x12.7 x 3.2 mm and the depth under thennotch is5.2
mm

2.7. Scanning electr on micr oscopy

The surfaces of the raw fish scales and the com-
positegpecimensareexamined directly by scanning dec-
tron microscope JEOL JSM-6480LV. Thescalesare
washed, cleaned thoroughly, air-dried and are coated
with 100 A thick platinum in JEOL sputter ion coater
and observed SEM at 20 kV. Similarly the composite
samplesaremounted on stubswith silver paste. Toen-
hancethe conductivity of thesamples, athinfilm of plati-
num isvacuum-evaporated onto them beforethe pho-
tomicrographsaretaken.

2.8. Abrasivewear test

The schematic representation of rubber wheel test
set upisshowninfigurel. Inthe present study, silica
sand (density 2.6 g/cm3) wasused asthedbrasive. The
abrasive particles of AFS 60 grade silica sand were
angular in shapewith sharp edges.

Theshape of thesilicasand used for abrasivewear
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Figure2: SEM Micrograph of theused erodent

TABLE 1: Theoretical and measured density valuesof the
compositeswith volumefraction of voids

Measured Theoretical Volume

Composites density density  fraction of

P (gm/cc) (gm/cc)  voids (%)
RGF+ Epoxy 1.530 1544 0.906

RGF+
Epoxy+Al,0; 1.627 1.717 5.241
RGF+ Epoxy+ pine

bark dust 1.650 1.705 3.225
RGF+ Epoxy +SIC~ 1.620 1.702 4.817

study isshowninfigure2. Theabrasivewasfed at the
contacting face between the rotating rubber wheel and
the test sample. The tests were conducted at arota-
tional speed of 100 rpm. Therate of feeding the abra-
sivewas255+5 g/min. The sample was cleaned with
acetoneandthendried. Itsinitia weight wasdetermined
inahigh precision digital balance (0.1mg accuracy)
beforeit wasmounted in the sampleholder. The abra
siveswereintroduced between thetest specimen and
rotating abrasivewhedl composed of chlorobutyl rub-

Wotoioly Science  mm—

ber tyre (hardness: Durometer-A 58-62). Thediam-
eter of therubber whed usedis228 mm. Thetest peci-
men was pressed against therotating wheel at aspeci-
fiedforceby meansof lever aamwhileacontrolled flow
of abrasivesabradesthetest surface. Therotation of
the abrasive wheel was such that its contacting face
movesin thedirection of sand flow. The pivot axisof
thelever amlieswithinaplane, whichisapproximatdy
tangent to therubber whed surface and normal tothe
horizontal diameter along whichtheloadisapplied. At
the end of a set test duration, the specimen was re-
moved, thoroughly cleaned and again wei ghed (final
weight). Thedifferenceinwel ght beforeand after dora-
sonwasdetermined. At least threetestswere performed
and the average values so obtained wereused in this
study. Theexperimentswere carried out for | oads of
50N and 75N at aconstant diding velocity of 1.193 m/
s. Further the abrading distances werevaried in steps
of 100 m from 100 to 600 m. For the second longer
duration test; say 200 m distance, the abrasion tests
were carried out on the very same wear track where
firg (i.e., 100 m) shorter runswereinvolved. Thewear
was measured by thelossin weight, which wasthen
converted into specific wear rate using the measured
density data. The specific wear rate (W) was calcu-
lated from the equation:

W =Amipt V_F, (5)
Where, Amisthe mass lossin the test duration (gm), p isthe

density of the composite (gm/mm?®), t isthe test duration (sec),
V. isthedliding velocity (m/sec), F, istheaverage normal load

(N).

Thespecificwear rateisdefined asthevolumeloss
of the specimen per unit diding distance per unit ap-
plied norma load.

3.RESULTSAND DISCUSSION

3.1. Density

Thetheoretical and measured densitiesalongwith
the corresponding volumefraction of voids are pre-
sented in TABLE 1. It may be noted that the composite
density valuesca culated theoretically from weight frac-
tionsusing Eq. (3) arenot in agreement with the experi-
mentally determined values. Thedifferenceisamea-
sureof voidsand pores present inthecomposites. Itis
clear fromthe TABLE 1that inA thevolumefraction of
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TABLE 2: M echanical and physical propertiesof thecomposites

Composites Tensile strength Tensile modulus  Flexural ILSS Impact Micro-
(M Pa) (GPa) strength(MPa) (MPa) energy(J) Hardness(Hv)
RGF+ Epoxy 249.6 6.70 368 1842 1561 34
RGF+ Epoxy+Al,0; 204.5 5.92 351.84 2257 1704 38
RGF+ Epoxy+ pine bark dust 140.8 3.35 222 2346  0.827 27
RGF+ Epoxy +SiC 179.4 6.07 297.82 18.99 1.84 42

voidsisnegligibleand thisisdueto the absenceof par-
ticulatefillers. Withtheaddition of filler materid smore
voidsarefoundinthecomposites. Asthefiller content
changesfrom compositesto compositesthe volume
fraction of voidsisa sofound to bechanges. Dengty of
acomposite depends on therel ative proportion of ma-
trix and reinforcing materialsand thisisoneof themost
important factorsdetermining the properties of thecom-
posites. Thevoid content isthe causefor thedifference
between theval ues of truedensity and thetheoretically
caculated one. Thevoidssignificantly affect some of
themechanica propertiesand even the performance of
compositesinthe place of use. Higher void contents
usudly meanlower fatigueresistance, greater suscepti-
bility towater penetration and weathering. Theknowl-
edge of void content isdesirablefor estimation of the
quality of the composites. It isunderstandablethat a
good composite should have fewer voids. However,
presence of void isunavoidablein compositemaking
particularly through hand-lay-up route.

3.2. Tensileproperties

Thetest resultsfor tenslestrengthsand moduli are
showninTABLE 2 respectively. Itisseenthatindl the
samplesirrespective of thefiller material thetensile
strength of the composite decreaseswith thechangein
filler content of the composites. Theunfilled glassep-
oxy composite hasastrength of 249.6 MPaintension
and it may be seenfrom Table 2 that thisvaluedropsto
249.6 MPaand 140.8 M Pawith addition of different
filler material swith samewt percentage of filler con-
tents. Among thethreefillerstaken in this study, the
inclusonof pinebark causesmaximumreductioninthe
composite strength. There can betwo reasonsfor this
declinein the strength properties of these particulate
filled composites compared to the unfilled one. One
possihility isthat the chemicd reaction at theinterface
between thefiller particlesand the matrix may betoo
weak to transfer thetensile stress; the other isthat the
corner pointsof theirregular shaped particul atesresult

In stress concentration in the polyester matrix. These
two factors are responsible for reducing the tensile
srengthsof thecompositesso sgnificantly. Smilar prop-
erty modification hasbeen previoudy reportedfor Al O,
particlesreinforced in polyurethane matrix.

The compatibility of SIC particlesin epoxy resin
seemsto be not asgood asthat of Al,O,, asaresult of
whichthepercentagereductionintenslesrengthishigh-
est in the former case. Thetensile modulus of these
auminafilled compositesisasofound to belessthan
the modulus of the unfilled one. On the contrary the
experimental findingssuggest that with additionof SC
particlethetensilemoduli of the glass epoxy compos-
itesimprovereasonably.

3.3. Flexural and I nter-laminar shear strength

TABLE 2 shows the comparison of flexural
strengths of the composites obtai ned experimentally
fromthe 3-point bend tests. It isinteresting to notethat
compositeswith addition of small amount (10wt %) of
aduminaand S C exhibited smilar flexurd strength com-
pared to the unfilled glass-epoxy composite. But for
the composite samplespinebark filled glassfiber ep-
oxy compositewith 10 wt% of thesefillerslower val-
uesof theflexural strength arerecorded.

Theinter-laminar shear strength values of the par-
ticulatefilled composites are shown along with that of
theunfilled glassepoxy compositein TABLE 2. Itis
seenthat thereisno dramaticaly improvement of ILSS
of glass-reinforced epoxy compositeswith particul ate
fillingirrespective of thefiller type. Incorporation of
Al O, isseento have caused themaximumincreasein
the strength compared to the other fillers.

3.4. Impact strength

Theimpact energy valuesof different composites
recorded during theimpact testsaregivenin TABLE 2.
It showsthat theresi stanceto impact loading of glass-
epoxy compositesimproveswith addition of particu-
latefillers. Itisseenthat with incorporation of Al,O,
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and SiC particlestheimpact strength of unfilled glass
fiber-epoxy compositeincreases by about 15% - 20%
. Itisaso noteworthy that theAl O, filled composites
show 10% - 15% higher impact strength compared to
theunfilled one.

3.5. Hardness

Thehardnessof dl thefilled compostesshow smilar
valuesascomparesto that of the unfilled composites
(TABLE?2).

3.6. Abrasive massloss and specific wear rate

Figures 3 and 4 show thewear lossin mass of the
samples at 50 and 75N loads and 300um abrading
particlesize, respectively. Itisclear fromthesefigures
that for al the polymer compositesused in this study
thereisanear linear wear masslosswith abrading dis-
tance. It indicates asteady-state wear with aconstant
weear rate. The highest wear masslossisfor filled SiC-
RGF-Epoxy compositeand thelowest isfor Pinebark
dust-filled RGFEpoxy composites. Inthesefiguresfor
Aluminafilled RGF-Epoxy and unfilled RGF-Epoxy
compositesthereisan averageincreasein abrasionre-
gstance.

Figures5 and 6 show the abrasivewear massloss
of the composite samples at 50 and 75N loads and
400um abrading particle size, respectively. Itisclear
from thesefiguresthat thereisanear linear wear mass
losswith abrading distance. The compositesexhibited
relatively highinitia wear rates, when surfacesare new,
which decreased gradually with increasein abrading
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distance. Thisisdueto asperitiesand in homogeneity
being rapidly worn until auniform smooth surfaceis
produced. Thewear mass|oss of compositesat SON
load and 400pum erodent size liesintherange (0.177-
0.3)gm for RGF-Epoxy, (0.113-0.2495)gm for RGF-
Epoxy-Alumina, (0.18-0.402)gm for RGF-Epoxy-pine
bark dust and (0.2234-0.5041) gm for RGF-Epoxy-
SiC compositesfor 200 to 600m abrading distanceas
showninfigure5, respectively. Also, fromfigure 6the
wear masslossat 75N |oad and 400um abrading par-
ticlesize show similar mass|osspatensobserved (Fig-
ure5) withincreasein abrading distance. Theseresults
clearly indicatethat therate of wear masslossincreases
withincreasein abrading distancesfrom 200m to 500m,
but beyond 500m thereisdlight variationisobserved
(figures5and 6). Thismay be duetowith theincrease
in abrading distance above 500m the matrix bonding
grength betweenfiber, filler materid andthematrix phase
may beincreased.

= Fyl] Peper

Figures7 and 8 show thevariation of specificwear
ratein RGF-Epoxy, RGF-Epoxy-Alumina, RGF-Ep-
oxy-Pinebark dust and RGF-Epoxy-SiC composites.
At dl abrading distances, thelowest specific wear rate
isfor pinebard dust filled RGFEpoxy compositeswith
avalueof 0.000881 mm?/(N-m) and the highest value
at 0.003482 mm?N-mfor SiC-filled RGF-Epoxy com-
posites (Figure 7). For al compositesof thisstudy, the
specific wear ratedropswith increasein abrading dis-
tance. The specificwear ratefor SIC-filled composites
varies between 0.001722 and 0.003482 mm?/(N-m)
andfor pinebark dust filled compositesthevauevar-
ies between 0.000881 and 0.001365 mm?/(N-m) as
showninfigure7. Similar observationisaso observed
inFigure6 withincreaseinload from 50N to 75N. The
influence of fibersand/or fillersonthe abrasive wear
resistance of neat polymer ismore complex and unpre-
dictable and mixed trends are reportedi*12,
Lancaster™ studied 13 polymersreinforced with 30%
short carbon fiber and reported that reinforcement en-
hanced thewear performance of seven compositesand
that of six composites deteriorated. Soleand Ball*?
studied theeffect of minerd fillerssuchastac, CaCO3,
BaS0O4, and fly ash on abrasive wear of resistance of
polypropylene (PP). They reported that the addition of
minerd fillerstothe PP matrix decreasesthewear re-
sistance under severe abrasion conditions. However,
under mild abrasion conditionsthe shape and size of
thereinforcingfiller influencesthewear performance.
Thusinthepresent work aso, Smilar observationswere
found which arein agreement with thefindingsreported
intheliteraturg12,

3.7. Surfacemor phology

To correlate the wear data better, SEM photo-
graphs presented infigures9(aand b) topertainingtoa
load of 50 N and at different abrading distances for
RGF-Epoxy, RGF-Epoxy-Al,O,, RGF-Epoxy-SiC
and RGF-Epoxy-Pinebark compositesare considered.
figure9(a) showstheabrasvewear surfacesof unfilled
RGF-Epoxy compositeat aload of 50N, 200m abrad-
ing distance and 9(b) showstheabrasivewear surface
of unfilled RGF-Epoxy compositesof |oad 50N, 600m
abrading distance, respectively. Thedeep furrowsin
the abrading direction dueto the ploughing action by
shap dorasivepartidesareseen onthesurface. At higher
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Figure 9: Photomicrographs of worn surface of RGF-
epoxy composites: (a) 200 m, 50N and (b) 600 m, 50N

Figure10: Photomicr ographsof wor n surfaceof pinebark
dust-RGF-Epoxy composites: (a) 200 m, 50N and (b) 600
m, 50N

Figure11: Plastic flow of matrix material in the diding
direction: SIC-RGF-Epoxy compositesat 200 m abrading
distanceand 50N load

Figure12: Formation and propagation of cracksat the
fiber-matrixinterface: Alumina-RGF-Epoxy compositeat
300m abrading distanceand 50N load

abrading disance, photomicrogrgphshowninfigure9(b)
depicts severe damageto the matrix, morefiber break-

ageand somefibersare pulled-out fromthesurface. In
thisfigurethebrittlefracture of the material duetothe
cutting action by the abrasive particlesareapparent and
the extent of damageto thematrix and fiber issevere
compared to lower abrading distance (Figure9(a)).

Photomicrographs, Figures 10(aand b) record the
pattern of abrasionwear in pinebark dust filled ran-
dom glassfiber epoxy composites. The pine bark dust
filled composites system shows|ess of matrix phase
wear out infigure 10(a). The protrusion of the phase
and resultant lesswear out areseeninfigure 10(b). In
pinebark dust filled composite the samples, asit con-
tainsacombination of hard and soft phases, severity
and extent of damage on the specimen surface becomes
less, inthe softer regionsas noticed owingto the pres-
ence of hard pine bark dust particles. As the hard
phases/regionsoffer resi stanceto thedamaging action
of the abrasive, lessof the damageisnoticed in these
systems. The SEM picturesamply demongtrate greater
occurrenceof debristhat includes broken fiberswhen
systemissubjected towear. Thusthisobservation lends
credence to the contention that the presence of pine
barksdust particlesallow less of matrix wear during
abrasonwhichinturnleadstolower fiber breakage.

Fromfigure 11 thematerial isremoved fromthe
sample mostly by the adhesion mode. It can be seen
that thereisaplastic flow of thematrix material inthe
abrading direction whichisindicated by thearrow. Itis
understandablethat asthe diding proceeds, theresin
soften duetofrictiona heet generation. Asaresult, the
SiC particlesand the glassfiber easily tear the matrix
and gradually get aligned ad ong theabrading direction.
Theseparticlesby virtueof their size, shape, brittleness
and high hardnessinfluence and modify the wear be-
havior of thecomposites. Further, crack formationand
propagation can be seen figure 12 at the matrix fiber
interface, which also contributeto material lossover
thetest duration.

4. CONCLUSIONS

Based ontheanalysisof experimental resultsand
findingsthefollowing conclusionscan bedrawn: This
work showsthat successful fabrication of amulti com-
ponent hybrid composite (using epoxy asmatrix, ran-
domglassfiber asreinforcement andadumina, SCand
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pinebark dust asfiller) ispossibleby smplehand lay-
up technique. An environmental wastelike pinebarks
dust asafiller materia canasobegainfully utilized for
the composite making purpose. Incorporation of these
fillersmodifiesthetensle, flexurd, andimpact strengths
of thecompogtes. A steedy declineinthetenglestrength
isnoticedinthefilled composteswhereasthe presence
of these particul ate matters has caused improvement in
impact strengths of the composites. The micro-hard-
ness, density and flexura propertiesof thecomposites
arealso greatly influenced by the type and content of
fillers. Abrasivewear rate decreaseswithincreasein
abrading distancefor dl thesamples. However, thepine
bark-filled composite showed better abrasive wear re-
gstance. Abrasivewear rateishigher in SIC-filled glass
fiber-reinforced epoxy composites.

= Fyl] Peper
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