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ABSTRACT

This paper deals with the study of mechanical properties of the composite
sandwich plates made up of coir industry waste, the pith / the timber indus-
try waste the saw dust asthefillersin the form of core and the Palmyrafiber
as skin. Coir pith being a waste disposed from the coir factories, pose the
danger of pollution and health hazard. This can be used asfiller material in
polymer composites. Sandwich plateswere prepared with general polyester
resin matrix by varying the coir pith /saw dust content keeping the palmyra
fiber content constant. Specimen were cut asper ASTM standard and tested
in Instron machine. The mechanical properties such as tensile, bending,
shear and impact strength were studied. 10%, increase in tensile strength,
14% in shear strength and 40% increase in impact strength were observed
due to the addition of 10g coir pith / saw dust as core material.
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INTRODUCTION

Useof natural fiberssuch asoil palm, sisdl, flax,
coir, juteand asreinforcement in polymer matrix was
studied by several researchersin therecent yearg* 1,
Naturd fibersareeasily available and biodegradable.
Useof natura fiber asreinforcement providesan op-
portunity for the utilization of agricultural product. The
compositeswith naturd fibersasreinforcement in poly-
mers givegood mechanical propertieswith low spe-
cificmass. Abundantly availablefillers, inexpensveand
possessing good mechanica properties, when used with
fibersreducetotd cost of thecomposites. Alsothefiller-

fiber combinationin compositesreducestheamount of
matrix material required and enhancesitsspecific prop-
erties Hllerssuch ascdcum carbonate, day, mica, glass
micro spheres and fly ash are generally added to the
polymer compositesto improvethe properties. Wood-
Plastic Composites (WPCS) are being used increas-
ingly for nonstructura applicationsintheautomotive,
furniture, and buildingindustries. Mechanica Proper-
tiesof polymer matrix filled withWood flour was stud-
ied by several authord®:%, Li et d. studied theimpact
behavior of sawdust / recycled PP compositesand ob-
served thefracture energy to decrease with the pres-
enceof sawdust filler in arecycled PP matrix and frac-
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ture toughness was reported to increase by 32% for
40% by weight loading of the sawdust!*4,
Sombatsompop et a studied the effect of wood saw-
dust content on rheologica and structural changesand
thermo-mechanical propertiesof PV C-Sawdust com-
posites®®. Effect of CouplingAgent, Polybutadienelso-
cyanate, on Mechanica Propertiesof hardwood aspen
fiber/polypropylene (PP) compositeswas carried out
by Amir Nourbakhsh et a [, Tensilestrength value of
24.75 MPafor pure PP and 22 M Pafor the composite
containing 40wt% unmodified fibers were reported.
Theseresultsindicate that wood fiber behaves merely
asfiller whenincorporated into PP and hasnoreinforc-
ing effect. Addition of 3% MAPPand 5% PBNCO to
thisproduced compositeswith tensleandimpact prop-
erties of 30 MPa and 22 J/sgm, respectively.
R.Viswanathan and L.Gothandapani*” studied the
strength characteristicsof particle board madeof coir
pithin phenol forma dehyderesin and ureaformal de-
hyderesin. Theoptimum levelsof thevariablessuch as
proportion of resin, curing temperature and curing du-
ration of 16:7%, 138°C and 26 min respectively for
phenol formaldehyderesin and 20-4%, 139°C and 17
min respectively for the ureaformadehyderesnwere
reported. Viswanathan et a .8 reported thewater ab-
sorption and swelling characteristics of coir pith - phe-
nol formal dehyde and ureaformal dehyde resins par-
ticleboard. Thewater absorption, swelling along sur-
faceand thicknessareranged from 30%to 133%, 0.7%
to 3.7% and 24% to 112.6% respectively. Also the
water absorption and swelling wereleast for theboard
madefrom largest-s ze particlesand phenol—formalde-
hyderesin. Coir pith aslow cost filler in microcdlular
solesbased on natural rubber—high styrene resin was
studied by Srilathakutty et al.[*% and reported that the
coir pith can be used asfiller in amounts up to 50 phr
without much reductionin properties.
Inthisexperiment, skin coretype composite sand-
wich platesare prepared with thewaste materialssuch
aswood sawdugt, coir pith (waste obtained during coir
fiber separation).coir pith and sawdust are used asfill-
ersintheform of coreand the PAmyrafiber asskinin
the polyester resn matrix. Compositeswere prepared
by sandwiching the above wastes between the unidi-
rectional Palmyrafiber mats. Tensile, bending, shear
and impact testsare carried out to study the mechani-
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cal properties.

EXPERIMENTAL

Materials

Coir pithof low cdorific valueisabundantly avall-
ableand subsequent disposd crestesenvironment-linked
problems. Approximately 180 gramsof coir pithisob-
tained from the husk of one coconut. Coir pith contains
Carbon: Nitrogenintheratio of 112:1 and contains 75
per cent ligninwhich doesnot permit natural composting
as in other agricultural wastes. Recent studies by
Viswanathan et a .[*¥ indicate that this can be used as
fillersinthethermopl astic composites.

Thepamyratree (Borassusflabellifer) isfoundin
abundancein southern part of Tamil Nadu. Rich quan-
titiesof fibersareavailableinleaf stalk of thepadmyra
treeand thefiber obtained fromitisshowninfigure 1.
They are separated by crushing the stalk either manu-
aly or mechanically and then by combing. Asreported
by Velmurugan et d .19, thedensity of thefiberisaround
0.4-0.6 g/cc and strength isin the range of 110-280
MPaThisfiber isused asreinforcement in polyester
resnmatrix inthisstudy.

Sandwich construction

Structurd membersmade of two strong skinssepa:
rated by alightweight core are known as sandwich

Figurel: Fiber
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Figure2: Sandwich structure

Figure3: Unidirectional fiber mat
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Figure4: Load deflection curvefor tensleloading

Figure6: Specimen showing the poor absor ption of resin

plates. Themechanica propertiesof thesandwich struc-
tures depend upon the materia s and the thickness of
the coreand skin. In thisexperiment the pal myrafiber
was used as skin materia and thesawdust / coir pithas
coremateria. The cross section of the sandwich plate
prepared for thisstudy isshown figure 2.

The palmyrafiber was cleaned, dried and aunidi-
rectional fiber mat was prepared asshowninfigure 3.
A mould of 150x150x5mmwasprepared inmild stedl.
Themould surface was coated with wax for easy re-
mova of thecompositesplatefromthemould. Weighted
quantity of thefiller material sawdust/ coir pith was
spread uniformly in between thetwo metal sheetsand
compressed to get asingle mat preforms. Two unidi-
rectional fiber matswere placed in themold such that
thefibersare oriented oppositedirectionto each other.
The compressed coir pith saw dust preformwas placed
over thefiber mat, which formsthe core. Another two
layers of the fiber mat were placed over the core as
said above. Thegenerd polyester resin mixed with ac-
celerator and catalyst was poured over the fiber and
themold wasthen closed. Sufficient pressurewas ap-
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Figure5: Variation of tenslemodules

Figure7: Specimen tested ontensileloading

pliedtill themould closescompletely and alowed to
cure at room temperature for four hours. The cured
plateswereremoved from themoul d and thetest speci-
menswere prepared as per theASTM standardsand
tested inthe Instron Universa Testingmachine.Inthe
present experiment thetensile, bending, shear and im-
pact tests were conducted to study the mechanical
behaviour of thecomposites. To sudy theeffect of core
materia onthemechanica properties, composteplates
with 10g, 15g, 20g, 25g, 30g and 359 (9, 12, 17, 21,
25 and 30 wt%) saw dust and coir pith corewere pre-
pared.

RESULTSAND DISCUSSION

Tensile test

Standard size specimenswere cut from the plate
and testedin theInstron-testing machinewiththe cross-
head speed of 2mm per minuteand theresultsarepre-
sented in TABLE 1. Incorporation of 28 weight % of
fiber without filler (14%inthelength wiseand 14%in
transversedirection) resultsin anincreasein strength
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value by 29.7% than that of resin. Addition of 10g of
sawdust asacoreresultsinincreaseintensile strength
by 14.6% and any further addition of sawdust say 15g,
20qg, 25¢, 30g and 359 (12, 17, 21, 25 and 30 wt%)
resultsinlittledrop in strength and remainsa most con-
stant. Figure 4 showstheload deflection curvesof the
tensiletested specimens. No changein % of e ongation
isobserved dueto addition sawdust asfiller.

TABLE 1: Tensilepropertiesof Palmyrafiber, coir pith/saw
dust composites

M aterial CoreResn % of_ Strength M odulus Co_mpo_site
wt% wt% elongation MPa MPa weighting
0o 72 3:02 42:66 1421:93 126
9 63 3:03 45:98 1507 :49 115
12 60 3:04 45:00 1500:00 116
S?évogg)st 17 56 3:02 44:94 1497 :93 115
21 51 3:21 46:39 1449 :68 116
25 48 3:01 48:21 1607 :00 116
30 43 3:01 47:78 1587:38 117
9 62 3:42 52:92 1556 :46 115
12 61 3:21 48:16 1505:05 115
Coirpith 17 55 3:01 46:72 1557:33 116
(Core) 21 52 3:20 47 :65 1489:06 117
25 47 117
30 42 116
Resin 4:00 32:33 808:25 140

Addition of 10g (9 wt%) of coir pith ascorein 28
weight % fiber compositesresultsinincreaseintensile
strength by 23% than that of 28 weight % composites
and further addition of coir pithresultsinlittledropin
tenslegtrength andisamost constant. Compositeswith
30g and 35¢g (25 & 30 wt %) coir pith corewas sepa-
rated into two half along the middle of the corewhen
loaded axidly and poor wetting of pith by theresnwas
observed at thefailed surface. Specimenswere also
cut inthetransverse directions and tested and almost
similar resultswere obtained. Theweight of thecom-
posite plateswithout core material was 126g and the
welght with coremateria was115g. Thusan 8% weight
saving wasachieved with out losingitsproperties. The
% of elongationincreasesform 3.02to 3.4 dueto ad-
ditionof 10g (9wt %) of coir pith.

Thetensilemodulusfor variouswt % of the core
materid isplottedinfigure5. Small increasein modules
isobserved dueto the addition of 10g (9 wt%) saw-
dust and abovethat it isalmost constant. In coir pith
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TABLE 2: Flexural and shear propertiespalmyrafiber, coir
pith/saw dust composites

Core wt Flexural Flexural Shear
material % modulus strength strength

MPa M Pa M Pa

0 2085 :82 63:75 9:79

9 1933:80 56 :42 10:03

12 1870:00 56 :52 8:22

Saw dust 17 1853 :85 56 :85 8:23

21 1943 :95 56:18 8:14

25 1950 :00 56 :29 7:47

30 1954 :00 56 :30 6:09

9 1786 :80 55:70 10:09

o 12 1761:35 54 :52 8:89

Coir pith

17 1793:10 52 :80 9:04

25 1921 :90 51:23 9:36

Resin 1324 :85 38:54 4:21

core, the composite plates made of 10g (9 wt%) core
shows higher modulesand for further addition of coir
pith, littledropin modulusisobserved andthenit re-
mains constant. 50% increasein modul esthan that of
resnisachieved dueto thefiber reinforcement. Figure
6 showsthefailed surface of the composites, whichis
theevident of insufficient resin absorption and a so ob-
served that theal the samplestested werefailed at the
middle. Thefiber isthe major |oad-carrying element
even after theaddition of corematerid. Figure 7 shows
tensi|etested specimens. Themode of failureand crack
propagation depends upon the sequence of stack. In
thisstudy thefibersare oriented oppositedirectionin
dternatefiber layer and hencethe crack ismorelocal-
ized and amost horizontal. Likein theunidirectiona
fiber compositethe crack did not spread over thearea
asobserved by velmurugan et .9, Also aclear wider
de-bonding of the core material was observed. Hence
thefallurecould haveinitiated by thede-bonding of the
corefirst and then followed by fiber failure. Theload
displacement curve pattern isalmost similar for both
fiber composite and fiber filler sandwich composite
Th iﬂ!l ﬁ@
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Figure8: Specimen tested on shear load

— Pt icly Science
ﬂaVMnW



98 Saw dust and palmyra fiber as reinforcement material in polyester matrix

MSAIJ, 7(2) 2011

Pull Paper —=—

——resin

—m—fiber
—t—caw dust
30n coir pith

; v

200 4

Loadin N

150 4

100 4

50 4

0 =
0 1 2 3 4 5
Displacementin mm

Figure9: Load deflection curvefor bending
Shear test

The short beam shear test wasperformed with the
crosshead speed of 2mm per minute and resultswere
tabulated in TABLE 2. The specimenswere cut with
length of six timesthat of the thickness. The shear
strength was cal cul ated by therdation.

LW
= bt @

Fiber reinforcement resulted increasein shear by
17% than that of resin. 10%increasein shear strength
isobserved dueto the addition of 10g (9 wt %) saw-
dust/ coir pith. For any to further addition of either saw
dust or coir pith the shear strengthisamost constant.
Thetested specimensareshowninfigure9, which shows
the crack on the core, debonding of laminate surface
by anarrow line.

Flexural test

Standard size specimenswere cut from the plate
and tested in the Instron machine on three-point flex-
ura test fixturewith the crosshead speed of 2mm per
minuteand theresultsaregivenin TABLE 2. Theflex-
ura strength and flexural moduluswas cal culated by
thefollowingreation.
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wherem- istheinitial dopeof thedeflection curve, b-
isthe specimen width, t- isthe specimen thicknessand
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Figure10: Variation of impact strength

W isthebreaking load.

28% of fiber reinforcement (14% in each direc-
tion) increasesthe bending strength by 70% than that
thematrix material. 11% drop in bending strengthis
observed duetothe addition of 10g (9 wt%) sawdust,
whereasin 10g (9 wt%) of coir pith it is 14% when
compared to 28 wt% fiber reinforcement. Thereisnot
much of differencein bending strength observed dueto
any further addition of either coir pith or saw dust.

I mpact test

Izod impact test was carried out on the unnotched
specimensof standard size. Six specimensweretested
for each case and the average value was considered.
Figure 10 showstheimpact resstancelevd for various
composite plates. The polyester resin matrix without
any reinforcement hasvery poor impact resi stance of
0.23 J/sg cm. Thefiber reinforcement increases the
Impact resi stance of the polymer to 4 J/sgcm. Incorpo-
ration 10g (9 wt%) sawdust / coir pithin theform of
corewith 28 wt % fiber reinforced composite plates
increasestheimpact resistance by 49%. urther addi-
tion of corematerial did not contributemuchtothein-
crease in impact resistant and there isadrop in the
impact valuefor 25 and 30 wt% sawdust.

CONCLUSION

Theuseof coir pithand saw dust asfillerinpamyra
fiber reinforced compositeswas studied. Both coir pith
and saw dust contributeincreaseimpact strength. But
their contribution to tensile strength wasless, however
therewaslittleincreasein strength and modules. Com-
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posites contain the coir pith had good shear properties
than saw dugt. Littledrop in bending strength and modu-
luswas observed for both coir and saw dust core. 8%
of weight saving wasa so achieved without loosing its
mechanica properties. Thistype of sandwich compos-
ite plates can be molded in to standard size and be
used asinterior panelsfor windowsand shutters. Fiber
damageand variationinfiber strength arethe problems
generally associated with natura fiber composites. The
weight of the composite can also bereduced by sand-
wich congtruction without loosing itsstrength.
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