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ABSTRACT

The effect of dispersion, alkali treatment, resistance to chemicalsand influ-
ence of silicapowder on mechanical, thermal propertiesof hybrid fibre (i.e.
jute/glass) composites were investigated as a function of silica loading.
NaOH treatment of jute fibres was found to increase the interface between
matrix and hybrid fibres. Thus, tensile strength wasimproved significantly
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up to 6 wt % silica content, decreases further increase in silica content
beyond 6 wt %. Tensile modulus of hybrid composites was tremendously
improved up to 15 wt. % silica content. Author proved hybrid composites
areresistant to attack of all chemicalsexcept Toluene. (DSC) & (TGA) were
improved significantly the glasstransition temperature and thermal stability

of the treated hybrid fiber at various silicaloadings.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

In every automobile parts manufacturing industry,
the glass/jutefibres are used because of their adapt-
ability todifferent Stuationsand therel ative ease of com-
bi nationswith other materia sto serve specific purpose
and exhibit desired properties. Ubiquitous plasticsus-
agesareinevitableinthese daysasit isversatile mate-
ria that lendsitself to many uses. Theturnaroundin
favor plastic happened not just because of color and

durability for household productsbut adso becauseplas-
ticsasan accessory became fashionable and trend set-
ters. Thusthisisthe day of plastics(composites). Asa
matter of fact, aircraftsand cars are made of compos-
itestolightentheir weight. Glassfibrereinforced com-
positesdueto their high specific strength and specific
dtiffnesshave becomeattractive structurd materidsnot
only inweight sensitive aerospaceindustry, but soin
marine, armor, automobile, raillways, civil engineering
structures, sports goods etc. Epoxy resin isthe most
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commonly used polymer matrix withreinforcing fibres
for advanced compositesapplications. They are being
used widely asamatrix to hold the high performance
fibrereinforcement together in composite materials, as
well asastructura adhesive. Amongall reinforcing fi-
bres, naturd fibreshave gained substantial importance
asreinforcementsin polymer matrix composites. A lot
of work has been done by many researchers asperents
on these composites based on thesefibres®4. Hybrid
composites are materials made by combining two or
moredifferent typesof fibresinacommonmatrix. They
offer arangeof propertiesthat cannot be obtained with
asinglekind of reinforcement. Theglassand thejute
fibreswere combined in the same matrix to produce
hybrid compositeswhichimpart distinctive properties
that cannot be obtained with asinglekind of reinforce-
ment’>*2, Thereforeauthor’s main focus is to fabricate
advanced composite materia swhich can compatible
withdl possibleindugtries. Inthispresent work, tensile
strength, tensilemodulus, Differential Scanning Calo-
rimetry (DSC) & ThermogavimetricAnalysis(TGA)
and chemical resistance of epoxy/silicalhybrid fiber
(glass/jute) compositesare studied to naturally judge
theinfluenceof silicapowder.

MATERIALSAND METHODS

Materials

Commercially avail ableepoxy resin (LY-556) and
hardener (HY-951) are obtained by Huntsman. The
weaveglassfiber reel & jutefibresare obtained from

55

50 /
o . .\".

—m— Treated
—e— Untreated

.
o
1

Tensile strength(Mpa)
{5} -
b S
| 1

w
=1
1

B
0o 2 4

LI I A Y PR R
8 10 12 4 16

T
6
Silica content(wt%)

Figurel: Tenslegrength of untreated and treated epoxy based
jute/glasshybrid compositesasafunction of silicapowder
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Saint GobainIndustriesLtd., Bangalore.
Jutefibretreatment

Thejutefiberswere placedin aglasstray witha
5% NaOH solutionand further it wasadded to thetray
and allowed to soak in the solution for about 4 hours.
Thefibreswerewashed with water to removethe ex-
cessquantity of NaOH gticking tothefibres. Findly the
fiberswerewashed with distilled water and driedina
hot oven at 60°C for 1 h. The jute fibres were cut into
10mm lengthwith asharp scissorg?.

Synthesisof sample

Theweaveglassfibrereel & thejutefibre were
taken about 9 vol. %, dismantled and cut with sharp
scissorsinto 20mm and 10mm length respectively. A
glass mould with required dimensions was used for
meaking sampleon par withASTM standardsand it was
coated with mould rel easing agent for easy separation
of sample. Next theresin and hardener weretakenin
theratioof 10:1 partsby weight respectively. First, Silica
was mixed with stipul ated quantity of resin based on
the stoichiometricratio thoroughly inabeaker for about
1hr at ambient temperature conditions. Pre-ca culated
amount of hardener isthen mixed and stirred for an-
other 30minwith mixtureprior to pouringintothemoul d.
Stacking of hybrid fiber was carefully arranged inthe
direction of perpendicular totheresin flow after pour-
ing some amount of resin into the mould to keep the
poor impregnation at bay. Rest of the mixture was
poured onto the hybrid fiber glassmould. Brush and
roller were used to impregnate fiber. Left it for about
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Figure2: Tenslemodulusof untreated and treated epoxy based
jute/glasshybrid compositesasa function of silica powder

Au Tudian Yourual



MMAIJ, 6(2) 2010

Subbarami Reddy et al.

100

80

60

40

Weight loss(wt.%)

20

—m— 15wt.% silica/Hybrid composites i
A —=— 3wt % silica/Hybrid composites

Heat flow(W/g)

0.5+

0.0+

-0.54

—m— 15wt.% silica hybrid composite
—o— 3wt % silica hybrid composite

135

—= Pyl] Peper

4] I 1(IJCI I E(I.‘ID I 36[} ‘ 4(‘]0 ‘ 560 ‘ 600
Temperature(T)
Figure3: TGA curvesof thesamplesat different positionsin

a hybrid composite sheet containing (a) 3wt.% silica +
HF(treated) (b) 15wt.% silica+ HF(tr eated)

one day at ambient temperatureand later cured in hot
ovenfor 1hr at 80°C. Last but not the least; removed
samplesarecut in accordancewithASTM standards.

Tensileload measurement

Tenslestrength was studied using Instron Univer-
sal Testing Machine supplied by Instron Corporation;
series-9 automated testing machinewasused with across
head speed of 5mm/min. Testing sampleswere pre-
pared likedumbbell shapesand thesedimensionsare
(100x20x3) mm? based on the ASTM D 638 stan-
dards. Testing was carried out on an average of five
samplesfor each case to meet the accuracy.

Chemical resistancetest

ASTM G 543-871*3 was used to study the chemi-
cal resistancetests of the composites. The effects of
acids, dkdisand solvents, i.e,, glacid aceticacid, nitric
acid, hydrochloric acid, ammonium hydroxide, ague-
ous sodium carbonate, agueous sodium hydroxide, car-
bon tetrachloride, benzene, and toluenewereused on
thematrix and hybrid compositeswerestudied. Ineach
case, the samples (10x10x3) mm? were pre-weighed
inaprecision electrical balanceand dippedinthere-
spective chemical reagentsfor 24 hrs. They werethen
removed andimmediately washed in distilled water and
dried by pressing them on both sideswith afilter paper
at room temperature'®.,

Thermal analysis
Thethermal characteristics of the epoxy/clay bi-
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Figure4: DSC curvesof thesamplesat different positionsin

ahybrid composite sheet containing (a) 3wt.% silica+ HF
(treated) (b) 15wt.% silica+ HF (treated)

nary compos teswere measured using both differential
Scanning Caorimetry (DSC-2010 TA Instrument) and
thermogravimetricAnalyses (TGA) at arateof 10°C/
minunder nitrogen flow.

RESULTSAND DISCUSSIONS

Authorswerefabricated & tested treated and un-
treated hybrid composites asafunction of silicaload-
ing. Whiletesting, asudden pinging noisewas observed
whenindividua filament broke or inter-layer delami-
nated during the gpecimenisbresking at maximum load.
Fibres breakages, interface debonding, and layer
delamination all was observed for silicafilled epoxy
hybrid composites. As depicted fromthe TABLE 1,
tenglestrengthincreaseswhen silicacontent increased
up to 6 wt %, decreasesfurther increasein silicacon-
tent upto 15wt %. Tensilestrength wasoptimally in-
creased at 6 wt %. Tensile strength was increased by
10.55% when compared over 3% silica content for
treated hybrid composite. Sudden decreasein tensile
strengthisdueto increased in viscosity of matrix may
demobilizethe crosdlink between the matrix and the
hybrid fibres. Asaresult increaseininertiaof matrix
will [eft air bubbleswith in the matrix, there by crack
initiation comein, will lead ultimately decreased inten-
slestrength. It was observed that strength was consid-
erably decreased for untreated hybrid compositeswhen
compared with treated hybrid composites, asthetreat-
ment with akali leavesout hemicdluloseandluster asa
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TABLE 1: Tensilestrength & tensilemodulusof untreated
and treated epoxy based jute/glass hybrid compositesasa
function of silica powder

Tensile strength (M pa) Tensile modulus (M pa)
Treated Untreated Treated Untreated

Silica

Content (wt %) Composites
2 4311 40.30 1347.80  1319.30
3 47.85 45.71 1615.62  1609.23
6 52.90 49.33 1895.00  1840.68
9 39.89 36.29 2106.55  2055.90
15 30.40 27.33 2403.77  2366.20

TABLE 2: Chemical resisanceof epoxy based untreated and
treated hybrid fiber composites

Chemical Treated Untreated
Hydrochloric acid +0.873 +0.985
Acetic acid +0.241 +0.249
Nitric acid +1.678 +1.879
Sodium hydroxide +0.568 +0.714
Sodium carbonate +0.245 +0.557
Ammonium hydroxide +0.765 +0.321
Benzene +10.426 +11.235
Toluene -4.810 -6.879
Carbon tetrachloride +2.145 +3.458
Distilled water +1.023 +1.548

result interfacial bond between matrix and thefibrede-
stroys. Linearly increasein tensilestrength for treated
& untreated hybrid composteswereshowninfigure 1.

Ontheother hand, tensile moduluswasincreased
when silicacontent isincreased up to 15wt %. Tensile
moduluswasoptimaly increased at 15wt %o silicacon-
tent showninthe TABLE 1. Tenslemoduluswasim-
proved by 48.78% when compared over the3% silica
loadings of treated hybrid composites. Thisiscaused
due to poor interface between matrix and the fibres
were due to the less quantity of resin present in the
sampledueto increase quantity of fillers. It was ob-
served that moduluswas considerably decreased for
untreated hybrid composites when compared with
treated hybrid composites. It isobserved that, viscos-
ity of composite matrix was proportionally increases
withincreaseinsilicacontent asaresult interface be-
tween thefiber & matrix wasreduced with further ad-
dition of silicaloadings. Authorswereattributed that,
micro voids might form dueto improper curing. Lin-
earlyincreaseintenslemodulusfor treated & untreated

hybrid compositeswere showninfigure2. Experimen-
td resultsinthe TABLE 2 showstheweight gain (+) of
weight loss (-) experimental results of the neat epoxy
and hybrid compositesasafunction of silicawhen the
matrix and hybrid compositeswereimmersedin acids,
akalis, and solvents. From theresultsitisclearly evi-
dent that weight gainisobserved dmost al the chemi-
cal reagents except toluene. The reason is attack of
tolueneatomson the cross-linked epoxy. Thispositive
vaueindicatesthat the composite material swere swol-
lenwith gel formation rather than dissolvingin chemica
reagents. It isfurther observed from theresultsthat the
composite under the study are al so resistant to water.
Thischemicd resstancestudy clearly indicatesthat the
silicalepoxy hybrid compositesare strongly resistance
toal most al chemica except toluene. The abovere-
sultswere suggested that these hybrid compositescan
be used for making water and chemical storagetanks.
Based on the experimental resultsof epoxy modified
hybrid composites prepared by loading silicapowder
by weightis 3, 6,9, 15wt. %. TGA analysiswas car-
ried out to estimate the amount of resin present inthe
neat and hybrid composite and their thermal stability.
Neat epoxy matrix aso fabricated for thermal andysis
but absent for tensiletesting and chemical resistance.
Figure 3 showsthewel ght losscurvesof varioushybrid
composite materia sand the epoxy resinwithtempera:
ture. Itisclear that the decomposition temperature of
the composite shifted towardsthe higher temperature.
Thederivativeweight loss showsonly one peak. The
decomposition temperatureis352°C for polymer, and
353°C for 3wt. % silica loading treated hybrid com-
positewhere as 354°C for treated hybrid composite
with6wt. % glicaloading. Itisclear that thedecompo-
stion temperature of the compositeisshifting towards
higher temperatureindicating higher thermal stability of
thepolymer with silicaloading. Theexistenceof inor-
ganic materia spresent inthepolymer matrix, generaly
enhancethermd stability of thecomposite. Inthe present
casealso, thethermal stability increasesdueto pres-
enceof inorganic phaseand itsinteractionwith the poly-
mer. Theweight lossv_ temperature curves showsthat
theresidueleft after 450°C is in line with the silica con-
tent of each sample. Thermd trangition of the pure poly-
mer and the treated hybrid compositeswerealso in-
vestigated by DSC. A typica thermogram for negt ep-
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oxy withtwo different silicaloadingsisshowninthe
figure4. Theglasstransition temperature (Tg) of neat
epoxy matrix isobserved at atemperatureof 357°C in
all cases, whilethe T, of the epoxy matrix is not so
evident. However, with silicaloading theTg valuesdo
not shift. An endothermic peak at 450°C is observed
for pure epoxy.

CONCLUSIONS

Experimentd resultsof epoxy modified hybrid com-
posites prepared by loading silicapowder by weight is
3, 6,9, 15wt. % aongwith neat epoxy matrix. Tensile
strength was optimally increased at 6 wt %. Tensile
strength was increased by 10.55% when compared
over 3% silicacontent for treated hybrid composite.
Tensllemoduluswasimproved by 48.78% when com-
pared over the3% silicaloadingsof trested hybrid com-
posites. Thermd stability and glasstransition tempera:
turewere asoincreased significantly when compared
over the neat epoxy. Chemical resistance was aso
proved to be significant when subjected to different
chemicd except Toluene.
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