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Abspaet-  Carbon e reifeced  polpmer  (CFRF)
conposites have been exgnsdvely used beorunse qf feir
cxoelient perfivng iee and lphtweaght Due b7 ity wide prea d
nme,  mmrlfiomring sovap end end-gflife pepreps is
cansin iy genevated. Invesigeton inte Sy potentisl of CFRP
reelzmetion by second ipregnelion process via fend lny-up
wes perfivmed. Bt i focusing on e effecs of nunier af
Ieyers (3, 4, 6 and § lyers) & the physical and wechanical
roperdes qf krinated seconde vy ingrepneted Cavbon Filve
Frepveg/Eperiy (1-CFFE) congosites. It war then conpared
with lenaneted Chrbon Filwe Preprep conposifes wifumb
second ingresrabon (w-CFFP). Sakples were fested wader
tension, flecirel ond dvpect hechenical propeviies of i-
CFFPE inmeased wifh the inoresse of landnates Eyer in fie
conposites,  Furfwrnane, -CFFE lgndneted  conposites
shumwed be ey pevfviae nees i conga ved 2 fie w-CFFR

Feywords: composite recpelmg CFRP, impregnation fuzud
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I MTRODUCTION

Cathon fibie has seen exponertial gwearth in usage n
awide array of application. With the adwent of'regulatorny
directives much as The End-of-Life Velicle Diwective
[Directive Z00053EC] and EU Directive on Landfill of
Waste [Divectve S231EC) proper waste management
of cathon fibre ave ourrently being studied extensively[l].

4 mare econonieal approach of recyeling CFEREF is 10
throagh mechameal recycling sch as cutbing and
shredding CFEP and using it as reinforcemerts or fillers
for later applications[2, 3] The challerse of using the
CFEP wastes for other vahie added applications worthy
of ik own expersive source vahie are now leading
researchers forcathon fibre extracton[d, 5].

Cathon flhres could come from various sources.
Whether cured or unmured, most of the recent studies is
tryFing to extract as pure as possihle the cathon fihres [1,
&, 7] REemoving umwarted fillers, reimforcemersts and
additives could I fatwre promuse a whole new range as
well as remforemz oument applicabions for recweled
cathon fibies.
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This paper mbroduces imbal remalts of recychng
mamfictinng offmats of cathon fibre prepregs Hom a
local composite marmfactiring compary by hand lay up
withepoxy resinand its mecharic al propertes .

II. METHODOLOGY

Mamfacturing offrats of catbon fibre prepregs were
collected from a local composite maxmfartinng compary
and stll had up to %0 howrs of prevmpregnated resn
cuthfe (Fiz. 11, The company’s name and trade name of
the cathon fhre prepregs could not be disclosed due o0
sensiivity of it cperations amd the material’s export
licerse.

Afterarards the cathon fibre prepregs wem then cut
irto approsamately 27 by 27 (600nen x 600nun) sheets.
Due to hnuted supply of marmfactinng offcuts, 20 sheets
wewe reserved to be lad up with commewially available
epoxy resin wlile 10 sheets were hot pressed without
adding any resin. The first 20 sheets were sarted for 2 4,
A ard 2 layers and later hand lay up with epoxy resin.
Vamuum bazging was later applied on different layers 1o
enmsure removal of entrapped alr and Emoving excess
resit The second 10 sheets were sored mto 4 and &
layers, later hot pressed nsing a Gotech (GT 7014-4)
compie ssion monlding mackire for 5 mimtes at 1E0°C.

Tensile testing was performed in accomance with the
AL5TH DFO5R, with & samples fhr each set of layered
composites . For testing, a uriversal testing machive with
constant cross-speed of Zrumfmin was used. The tensile
strength, percent elonzabon and modublis of elashcity
wale calmlated inaccordance to A5 TR D 3059,

Fleamral testing wewe carried out in accordance to
A5TH D790 (G-poirt loading) using  six specimerns (20
10 ® 4 wum) for each set of layered composites. The
tests wrere performed on the Umversal Testing blachine
at a constant cross-speed of 2.5 mmfrin.



Fg. 4. Carhon Fire Prepreg Maodachmig Offots

Water abscrpHon was done in accordance to 43THM
DAT098. Samples $5r measuning water absorption wers
prepared in the form ofbar with dirensiomw of 78 Zrm =
25 4mm x thiekmess of layered composites (W x L x £
The samples were inumes ed mn distlled w ater maimtained
at a tenperatire m the cormtainer. The water abscrphon
deterruna toner as based onEquaton 1.

St = [[Whar - W) §We] = 100 (1)

Seanming electron nicros cope was doke oneachof'thes
samples to stdy the morphology.

Io. RESULTS AND DISCTUSSIONS

Fig. 2 shows the temsile stength of all tested
lanunates. From the w®mult, it can be seen that 1-CFFPE
showed hisher tensile stength as compared to w-CFP.
This mpports the azument that the resin acts to
distibute an applied load nmfornmly to the reinforeing
flhex [B, 9] Purtlermore, with increasing fihers, the
specific strength of the composite 15 also imcreased [10].
Comparing properties of the same laver of conposite, the
additon of resin have contibuted to mcreasing the
tensile strength of the lammate. For 2 layers, the tensile
stength walie 15 2344 MPa with secondary resin
impie gnation when compared 10 1748 MFPa of the same
laver writhout secomdary resin  Dmpregnation. This
translates o 11 72MPa per laver. Comparing with is
stated tersile strength of 30 MPa according to its praduct
specification sheet [3, 111 ome lawer of recycled
marmfacthiring cffats coald only produce up to 20% of
it wutal tensile property wluch 15 a reduchon of 21%%
tensile strength This is finrther redurton than expected
fiom literatare, wlich put the use of recyclates to reduce
tha mechanical properties of 50%% when compared to
virgin material [12]. & good interficial bonding betereen
fhre and matrix has been discussed as important to
comtnbutng the composite’s mechanical property [13].
Reecyrclates tend to absoth more resin [7, 8], thewfore
firther reducing its specific sbength. Howewer, the
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advantaze 15 that these catbon meovelates have lower
density than other type of fillers sach as caleiom
cathonate or glass.
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Fig 2. Tereile srengzfh of i- CFPE anidwr- CFP bm imated composis at
different rommber o loyr.

Fiz. 5 showrs the flaznaral strength result for i-CFFE
and w-CFP laminated conposite. The flexmral strength
result of the 1-CFPE laminated conposite decreased with
fibre contents and it was sizmbcantly lgher than
corresponding to without second mmpregnated cathon
fibre prepreg chtaired in experimert. This i due to
imcreasing layer, stffhess of the sanples inecreased but
what imtemsting to note was that the difference of vahe
betwreen secordary impregnation i-CFFE with withont
second ary impregnation w-CFP. The same 2 layws of 1-
CFPE conld only produce 11983 MPa, only 42% of the
comresponding 2 layers of w-CFF of 28202 MPa. This 15
in agreement with lteratare [7, B, 14]. Lowenng the
amount of ®sin and visible voids mmproves the flesmral
prope sy [14].
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Fiz. 3. Reomml srangfh of i- CFPE avd we- CFP at differst rommber of
Tt



The plot of Chapy impact stergth in Fiz. 4 for 1-
CFPE and w-CFP lanumnated composite had showrn the
increasing trend of inpact strength with differe rt mmber
of layers. From the Table 1, the Charpy mmpact strength
was foand be mereasing with mewasing mnber of
layers. Fibwes addion helps with impact energy
zhsorption [15, 18]

The fibms can also gl nise to high strength due o
followrns mechamsms of dissipation of erexzy. Fhes
may pull oat of the matrix and dissipate the energy by
mecharical friction [15]. From the stady, it clearly shows
that the impact stength merease as {ibre content
mereasing. This statement was strowgly supported [17]
which found that, the kigher ameourmt of fibre provides
ligh adsorption surface energies for the formation of the
spot of faihare sites, which later requires comparatively
less energy to imitate a crack.

Tabk 1. Charpry impact properties of i- CFPE and = C FP hmated

canposie.
Hhet o hytee Trpact Sirengih, Janm®
Wit  Seomd
i[].:g smati 2 eyer 116913
LS 4 Ioper 146552

MireEpory
1 el & Ioper 175377
Lo 0 fibe

| G-CIFE) 2 hoyer 178748
Without Secmd
Cabon 4 Toper 114333
ftreEpoy
laninated
onposibe  fw-
CYF) i rer 1486806

Water absorption murve was Uhistrated 1n Fiz. 5 where
the percertage of water ahsorphon was plotted azainst
tme for all samples. The plotted zmphs showed
mainan amount of water abscrphon in the first day of
exposwre to the all samples. Then, it slightly decreased
with time reaching a certain vahe at satration point
where no more water was absothed and the composites
water content emamred constard. This may due to the
zhility of epoxy resin to hmit the absorpton of water
flowr 1rdo the catbon fibrefepoy lanunated composite (1-
CFPE) since the epoxy msin mabix has a water-
resistance natawe. This s one of the reason epoxy resins
ate the most widely wsed wsins in high performarnce
conposite stuctures these days. According to Chal et al.
(20007 [11], the absorbed water molemules i polymer
conposite materials are knowrn to have siznificant effects
on their thysical and chemical properties of mabrix as
well as ontheir final performance of composite stuctures
especiallyin their long term ublizabion.
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Fig, 4. Inpact srengh of & CFPE and we CFP at diferert rimber of
brger.

The worphology of the i-CFPE and wr-CFP laminated
composite were chserved under SEM to inwmstzate the
imterfacial bonding and the miteracton betaree n the epony
resits with the fibws. Micrographs in Fig. & (o B)
showed comparison of the fractured surface of the 1-
CFPE and w-CFP laminated conposite. From the fizare,
1t clearly showrs the 1-CFPE marface was fally and better
coverad by epoxy msin which firther irdicates presence
of stromz imedfacial adhesion and good wrettability
betareen the fibre and matnx conpared to w-CFP. These
imteractions terd to lower the interfacial tersion betarsen
the matix ard it flbres making -CFPE mom
compatble.

Wt Absaiptian (W)
=

Tima iDaps |

Figz, 5. Whter abeoaption charcteristic of i CFPE amd e CFE at
diferert remnber of beer with 7 dae of Immersion

A conformed by tensile test results which indicating
inprovement in tensile stength of 1-CFPE conpared to
w-CFP (Fiz. J), ths morphological cordibon wvealed
formed of good imiHal stiensth to the mabrix used.
Eesidas that, it can clearly be seen the morphology of the
lamimate composites of both has rough surface. Ths
further proved the plenomena of brttle fractare of fibre
and mabtin. Tlas the owerall moephaology for both i-



CFFE amd w-CFP sample indicates the brittle fractire
hehaviour.

Indidation of good

Indication of poor
wra ttab ility bebiree n matrix wrettability be trreen
and fihre matrix ard ffhre

Fig, 6. SEMmimognph o frachmed axface o the (1) 4 logr w-CFP
ard (b4 kerer i- CFEE lam bated composite smplk fudicatiz fhre ad
epary Tesin rrettabilicy.

It is generally azreed that the pull-out work of fibres
or several cracks provides the main source of touzhme ss
or erergy absorption capacity of cathon fibre larminate
conposites. The energy zhsorption capzbility of a
conposite 1s athibuted fhrouzh bero basic mechausms
which material deformation and the formation of rew
murfaces by cracking. The material deformation ocours
first. If the energy supplied 15 larze enmigh, a crack may
initate amd propagate, ths actiating the second enersy-
ahsothing mechanism. Flhe pillcut and fibre breakaze
are example of this emerzy absorption mechanism  The
fihe pull-out process mvolves, first, a debonding action
which provides an alternative path for the crack to follosr
and second the formation of a new swrface at the fibre-
matrix interface. Mowower, the fibre deformation and
conpliance during pull-oat combbutes directly to the
total defbrmaton of the composite. These fypes of
mecharism canbe seeninFig. Wa-c).
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Fig. 7. a) Fibres breabaze and hom ogeroas sage o fhre fracome b )
Sirface topogmptey of atypi albritk conposite frachme ¢ ) Fhres palt
atfron fe matrerpressrt iz holes on the frachme: axface.

IvV. CONCLUSIONS

In this stady, mechamical properbes parboulaly for
tersile, flexural and impact properties of with second
inpregmation  [-CFFE) and  without  second
inprengnation [w-CFF]  laminated composites are
descrbed. On the basis of the experimental evidence, the
conchisions are as followrs: temsile amd impact test of
larminated composites with second Impregnation have
showed  mmpmovement compared to without second
inpregnation Both msults fivoured an increased values
as Imecressing mamber of lavers amd this behaviour 1s
attributed to the compatabiliy of fibre-matdx bonding
and interfacial anchoraze. In flexaral test, the results
showred decreasing with increasing minber of layers may
due to weak bording imedace betwreen the lanunated
composite plies and duffimalty for the mabix to peretrate
the hole of fibre when the fibre was almost oured. The
percentaze of water zbsorphon was decreasmmg with
imcreasing mmwher of layers. bAecording o scanming
electton micrascopy chserabon 1t 15 wverified  that
preserce of good wettability within cathon flhre and
epOXY resin
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