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Abziragt
Iopact wuhmess of coir Ober-remiorced spoxy compposie: b bean mresdgend. Coir Obers being
oibvizizgd fom local sowrces ware underwent alialing treatpemt by soaiong them in a scludon
coptaining 10wt of MalH poor to being embedded into epoxy. Froe diffcrent theorstical Ghar
vohme factons Vv = 0%, 10%, 20%, fl{l“-aqu{l“n-.nmu:mu‘ﬂmd. Specmaens W cut from

i:-ul::pcmpli:-:-pund. produced mung press-oeould Wi WA cumed omt in
accordance with the ASTM DJ%4] standard for Ixod impact. Photo mocrographs of represantative

fractured specimen: were closely ohsarved and analvzed 1o detwrming thair failure mechanism. It was
found that the highest ipspact toughness of 0.07] Tz was obtained at Vie30%. Whilst debomding
frﬂjwqdhfﬁhrpnﬂﬂimmﬂdﬂu failere mode at highar Ve, emltiple fractar znd brokex mio

pieces wure obsarved for pame epoxy and 10% Wy specimems

Krywords: comr fibar, spoxy, lzod mupact. fadlure moda.

Incroducdon

The s of senTrommaental aoraresess and the
fact tha although maimra]l Sham copzmonby
prisess  Jower mechanical properies  in
comparism with syathetic fiber, mamral Shars
ke wborher tme to decompows after sarice,
mamral fbars, mchiding coir {cocomnt] Ober,
FAn wider accepiance 3 reizforcing maerials
for polymer-matris copposttes [1.2]. Wide
tanety of prodects, such as door pansls, panal
boards, weat parts, and car intenor b bean

using zaroal ke uitgs [3], a5
wall 2z, by with glass Sbar for small
boat [4]. Thus, by being sobutiteied nateral
fhan  for r:.':l:lﬂ:ln‘h.c Ehars, aftor sarvice
composiie pars will ke shorfor Tme
decompose. In addifiom materal ks ame
commoaly avadlable In most tropical counines,
siily obfained and poisesiing good Sermal
and acoustc inlation capatalicy [5], 2 wall as
Jowwmr dansity and higher cormodon reaistuvaty
[€]. In ordar for being able to optmally nse their
mochanical propestes, zamral Ghems meed
powiess  companshle  specific  mechamical
Properties.

Spacific mechamiral proparties of commposite
mararials can be tmyproved by improving Load

manstar capability thromgh  Aber-matrix
imterface whsm contact between fGher and
pyirix @xists. The types of contact 2t the
imiarface canm e other diffnsicn or chamical
bending or poechanical locking High inderiacial
bond stemgth can be obiained by surface
modification of fiker: mchnding pre-smbedded
chexmcal Teatmeat [7.8]. A mombar of papars
concarmng rface modificaton kv bean
publizhed [§-11].

Bome of the aformentioned products am
sohjected %o Impact loading According to
Surdia and Sagto [11] mpact toughnes: of a
cermin comentona] maserial parily depends on
imtermolecular bond among it atoms. The
5t1:n.3-l"ﬂ:ﬁmtmn-:-hcnlm't-c-:d.ﬂnh5hn"ﬂm
imypact foughnes:. In the case of compouite
m..hnn'nm{nculmhmism.nﬁm:r
be meplaced by inmrfzcial booding smeasth
Th:.mm-:nh'h:-n'hmh.l.ghm:pu:tmm.:
composi®e matmals  shomld possess high
imtarfiecial hond stremgth.

Impact Towphmess Impact toughness can be
defined 2n the ability of a masemal o absorh

ipact soerzy. When the loses are compaably
smmll fw amount of ey being absorbed at
factme cax be ralonlaed s
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Fr=mg &{cos f—oos ) (T) {1}

where #., g and & are the mass of panduabem (m),
mavitaticnal accelaration (ms), and the kngth
of pemdatern arm (m]. respactively. While aand
[ are the initial and final pendnbim arm angie:
("), mspecthvely. Impact toughnes: cam b
caloahied &

T, )
A

where 4 is the cross sectonal aea of the

Yumite [13) reported that optimum pact
frachure s of coco fbar’ polyester
composiie was O026] (Tmm®) at Fr= 30%.
Thare was oo informaton found whether e
fhar ondarwent oDeatment poor to beme
ambedded imto the matix Hartameo [14]
mvestigaed the effect of alkaling meatmant by
sobmarging the fber in a soluofion containing 5
wt?e of NaDH for 2, 4, 4, or § boun, on the
mpact tonghnes: of mpd Gher’ pohyester
copposfies. and found owt that the highest
Impact toughness being 1.833 (Jmm™ at &
bhoors of alkaline oeameant 5 (oo} thick
specimen, and 590 vol*s Sher connt.

It can % summmonized that subsbistion of
mamral fObars  for symtheoc Obem A
manforcement of composte  maderials,

decomiposibon  process afier  semice  of
toughness of natoral Gbar compoaTtes cam be
mproved by introdecing pre-wmbedded
treatment omte the Sher. The objective of s
mesearch is to determnne the optimmem Hher
copient that produced the highest impact
onghness of composi®e potorials.

Exparimantal Procadurs

Coco GOber as minforcng ooterial was
obtaingd from locl woerces, whils the matriy is
penemal purpose bisphenod A cpdoklwalydnmg
miin  mixed wd FOpose
polyammoamide hardemar Coco fiber: wwre
obtaingd by poling tem om-by-ome from
masocarp of local cocomat frait, and followsed by
washing to clean from the foam. The fbars wre
then let to dmin then soaled m 5 wits MaDEH
whiton for tao hours. Following thess, the
fihars were nmed in flowims wates, drained, and

e

Figore 1. Cair Sbars ready for baing
mearrenged in the mold

slowhy dried, %o prevent from surface defect, op
to approzimaely 10 wt?c modkiture combest.
Finally, the Shers were oot o - 10 (mp:) Jong,
as presented in Fig 1.

Specmem: wure coi fom compostte plam
panek, Fig2, prodoced wing press-mold
techrique, wung 2 -ﬂ:.l:.-c-zd—l:i]:l]:l-nd. droalr
blade rotating at -10,0{{ rpm Thers zre two
caiTies In the mold, such that too plam panal:
of differunt fbar comtemt would be produced
sach moldmg process. The dimensiomn of the
cavity is —140=100~4 (men). Thms, sach plams
panel cam be cot inbe nine specimens. The two
specimenns it from cusar part of the pazal wew
not msed doe to their high powdibis
inhomoganaity that oy prodoce Incensisher
data Prior to bamg cut off for edes Incoslstency
and further imte: specinsans, the plate panal: weee
post-cared at 30 “C for 2 hours Specimem
preparzon and festing wew camied omi
acconding to the ASTM D594] stamdard [175], at
the Labormorium Material Teknik Jenusan
Teknik Moin dan Indusen, Unseersitas
GadjzbMhada, Yegyakam. The specimens aro

Fignre } Composite plate panels afier baing
oot inie -1 mm = 3 mm, and foriber
would be cut into three specimwens each
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Figmre 3. Specman peometry

uz-notched 2: has besn presented m Fig 3
aboewe. According to the adopted test standard,
at least frve I shomld be wsted for sach
case Thus, the best free out of sevem specimens

produced from sach plate pane]l wers wsted
They wars sebected by vimal obwanation
A-15 MPx maxiomm resolution e was

wad 0 captoe mmagw during poeparaticn,
fabricaticn and tatng sages. In addition

macrograph images of reprecentatie factured
specimans ware Xs0 caphured wmder the camen

Impact Towghness. The amount of wnargy
tming ateorbed caloolated wsing squation {13,

and inpact toughness calculated nsing equation
{2) have besn presanted in Fig. 4 and Fig 5.
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Figure 4. The sffect of fbar content on
sn&TTy bang absorbed moreases with the
inczease of Bbar comtent mgrin Fr- 3
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Figure 5. The effect of fber comient om Impact

tonghness showing that the impact tonghness

mcreases with the increase of Shar comtent op
to Fy= 3%

The effect of Fr on e amoont of
baing absorbed bas been depicted n Fig 4. The
pesentad vahes are the averags of e vahnes of
the fgere shoman that the amoent of snergy being
absorbed inczeases with the nowse of Frapio
shghtly below 30% then decrsases wid Jurder
mcreese of Fr Such phamomenon may be
atpbuted to e deceass of SOher-matrk
structural ivegrity at bigher fibar coment [18].
In additom, fber omentation, whare specimen
u1:|:1:| J-'-r = 3 % (Fig¥) oxhibton mom

criented Obers I companion
with that of Fr = 40% (Figll) that resalts in
highar absorting enargy capacity. The largest
amount of anargy being abworbed by the groups
n-:f:.pmmuﬁﬁﬁﬂjﬂummﬁmﬁmhh
in comgparsen with thowe of powe epoxy

i 1.368 (T

Fig 5 shows the effect of Sber content on
impact boaghmess. Simelar rend with that of the
amount of soargy baing absiorbed cam be

il
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obwarved Comsidenng that the vanatons in
ol wchonal arsa of the specimesms are not
conpsidanably sigmificant, soch that the wame
raasom: that hae been presemtsd I the
discowdon oo the amwoent of energy baeing
absorbed cam e applied.

I'lil'l:r-b mode. Faloe modes of the
ware detwroned by closaly
-:bmu.ugud.mljmgﬂnrnm:mpqinn-f
the broken specimsn samples. After being
from verious angles, ie. cross
sectional e, wds fce and food or mar face.

Figure 6, 0oz secticral pres of B broken
wpinC il o Mr= 0 W sPowing medltiple frachae
with iregular pattem,

It can be obwerved m Fig 6 that pure epoxy
ipecimen sxpensnced mminple fmcmre with
Tregzlar param. Thars s oo dadormeion can o
ooticed It suggests that this specimen is
considanably tootie. This chamcenstic agres
with that of cured epoxy for being commonby
more britile #an codr Gbers., resulting in lowar
absorhing capaciny and mmpact tooghmass.

Fig 7 shown photographs of broken sampls of
Fr= 1074 Szoall amount ofvoid can be chasrved
om the right-band side of Fig 7(a). Figs 7(b) and
{c]} demonsirate vasi majority of broken Gher
was mittated with debomding followed by Ghar
pull-oet, indicating wwak — dber-ouinx
misrfacial bondimg Fig TWh] also shown
wmevamly  dumbuted  fOben kadmg o

mechamical proparties of the
specimens. Fail may be initated af weaker sida,
with less fbar, and propagetes 1o the other sida.
Thwes, it produced shear-tand fracmre surface.

(ch

e
Figure 7. Fr= 10 % {(2) coss section shows
some void on the right-hand sda, (k) and
(c) width and thickness views., reupeciivaly,
both show some Gher pull-omt

Frrnre 8. Fr=10 % (2) crows sectom showrs

some vodd om the nghi-kand sida, (b) and

() width and thidimsss viewns, reapactivaly,
oth show some fiser poll-out
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Fig £ shows photographs meprewatatve of
brokon specimens of ¥y = 20%6. Fig £(a) shows
wide vanatiom of Sher diamster. Fibars om the
facture  swfaces exiubie cloan swrfaces
mdicatng that Sher-matrix interface bonding is
molatively weak, or may be of mechamcal
Jocking mmstead of difusicn or chenxical bonding.
Sizzlar to those observed @ Figs 7(b) and (¢),
Figs B(b) and 8(c) alsoexhubited broken Sber
bemg inrtiated with debonding followed by Sber
nch rogion are found in the muddle of the
specimen, cax ako be noticed in Fig 8(c). Fags
t(a).(b)nd(c)alwms-ﬂydmt
St debonding followsd by £hber pull-cut and
fhar breakage domuinates the fdlure mods It
caz 2ko be zoticed that I companon with Fig
T(a)ﬁ.gS(a)mlus
cniented Sber arangement. Such conditicn may
be responsible for the amount of ensergy being
abscrbed and impact toughness of V= 2% y
specimens bemg lower than those of V= 10% l'l.nn9h-30!6(a)mmahomm
Pecimens. void on the right-hand side, (b) and () width end
Fig § shows photographs of representative Gickness views, respectnvely, both show same
troken specimen of ¥y - 30%. In comparison fiber pull-oet
with Figs 7 and Fig 8, Fig 9 exkubited more
Sansely packed Sber s expected Whilst Fig
7(a) mdicates more onsated
fher: and Fig S(a)shwshulmm&nny
criented Shars, Fig 9(3) exhubited more
randomly cnsated Sbers. Simslar to those
obsarved m Figs 7(b), 7(c). 8(®) and (). a
cons:danably expenenced

amount of
Fibar pull-out can be obsarved in Figs S(b)
and 9(c). As has boen observed for Fr=10% and
2%

can be notced m Figs 9(b) and (c). It confirms
&t hrger Sbers possessng lower sasile load
camrying capacity of Sher  comparison with
shoar load camyimg capacity of Sher-matrix
mterface. In additen, Figs S(b) and (c) also

Figere 101, = 80 %5 (8) croms section shows

some void oo the right-hasd side, (b) and (2)

width end thickacss views, respectively, both
show soese liber pull-cut.
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Photographs  of troken
wpecimen of Fy =40 bave provented m Fig 10.
Fig 10{a) show= that fibor diamatar vames from
=0.1 pam to -{1.5 pom, and randomiy omented
fbar.. Frbars lying on the frachme surface show
cloan mrfaces indicating that debonding ko
ccomed. Such cloan Obar serface cam abic e
moticed in Figs 10{b]) and {c). Simtlar o prenions
Lz, lager £2en sxpsnisncmyg Sher padl-out
and sezallor Shars experisocing Ober breakagze
cam clearly be noticed. Apart from those of Fr=
1%, specmees for vanous Sbar commnt filed
I ungle werface fracture Figs 10(b) and (c)
axhibites clsan £har surfaces of those
mndarwant pull-oet. Crderty obsanving Figs 7 o
10, mcrwass of Ober dansity as expected can be
motced

Concilushon

It can ba concluded that aport froms that of Fr
= 201", the increass on. B comtent result in the
moease of soergy absorbing capacity and
mpact toughnes: of the specimens. Larger
fhars demonstrates Sher pell-out and wmaller
fibar fibary mdararent Gber breaiage. Fibars are
geoerally more Jongimdmally miher than
randomly oneated, the more loagitudinally
oreiended the Obers the highor the absorbmg
sneegy capacry amd mmpact wughoes of e
wpaCimens.
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