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ABSTRACT KEYWORDS
Mechanical properties viz. compression strength, comp. modulus, impact Epoxy;
strength, and hardness are studies to assess the influence of nanoclay Mechanical properties;
mixed with modified epoxy reinforced with weave glassfiber reel (WGFR). Montmorillonite clay;
Clay/epoxy nanocomposites are prepared by high shear mechanical mixer Mechanical and thermal
followed by ultra-sonicator is used to obtain homogeneous mixture of ep- properties;
oxy and clay with the help of in situ polymerization. Clay is surface modi- Woven glassfiber reel.

fied with 25-30% trimethy! stearyl ammonium. A 9 vol. % weave glassfiber
isdismantled and cut in to 20 mm short lengths. Mechanical properties of
nanocomposites are improved by clay addition due to improved interface
between the glassfiber and epoxy. Mechanical propertiesare performed on
(epoxy + WGFR + clay) nanocompositesasafunction of clay respectively.
The quantity of clay dispersed in to the epoxy system, by weight, is0, 2, 3,
5, and 12 wt. %. Compression strength, comp. modulus, impact strength,
and hardness areimproved up to 5wt % clay, degraded when clay content
isfurther increased. Author found optimally improved mechanical proper-
tiesat 5wt. % clay content. Chemical resistanceisincreased significantly
for al chemicals except sodium carbonate. Scanning el ectron microscope
(SEM) is conducted on the sample fracture surfaces in order to find rea-
sons behind the fluctuation of properties are caused due to increase in
viscosity. Thermogravimetric analysis (TGA), Differential Scanning Calo-
rimetry (DSC) experiments are performed on clay/epoxy hanocomposites
reinforced withWGFR.  © 2010 Trade ScienceInc. - INDIA

INTRODUCTION est inthisnew areaof nanotechnol ogy, because of the
ease of manufactureand the significant gainin proper-
Epoxy nanocompositeshavesmulated muchinter-  ties. Thisresearch showspotentia for thedifferent types
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of nanocompositesto have range of benefitsfromin-
creased modulus, strength, fracturetoughness, impact,
compression, gasand liquid barrier properties, flame
retardance and wear propertiesat al moderately at low
concentrations of about 0.5-5% by weight!*3. Dueto
their low density of around (1.3g/cm?) and have excdl -
lent adhesive and mechanical properties, and yet they
becomemorepromising materia for high performance
goplicationsinthetrangportationindustry, usualy inthe
form of composite materials such asfiber composites
or in honeycomb structures. In the aerospaceindustry,
epoxy compositematerialscanbefoundinvariousparts
of the body and structure of themilitary and civil air
craftswith number of gpplicationsontherise Jn-Chein
Lin™ are studied on fabrication, characterization and
fracture behavior testsunder impact |oading condition
areperformed on dlicafilled nanocomposites. Hedem-
onstrated that SiO,/PA hybridwith 30 wt. % Silicais
found to have the best structural stiffnessamong the
specimenstested. Akbari et al.® studied on mechanical
propertiesand deformation mechanism of epoxy/mont-
morillonite nanocompostesunder compressveand flex-
urd loadings aredecreased duetoincreasein clay con-
tent. B. Qi et a. studied on of DGEBA based epoxy
resin with four different hardenersto shown that the
additionof nanoclayscansignificantlyimprovethedagic
modulusandfracturetoughnessof DGEBA epoxy resin,
but they tend to reduce thefailure strength and strain
significantly with anincrease of clay content level. Bo
Song et d.[ are studied on high-and low strain-rate
compression experimentsare conducted on epoxidized
soybean oil (ESO)/clay nanocompositeswith nanoclay
weights of 0%, 5%, and 8%. The nanoclay isshownto
have pogitiveeffectson thenanocompositesonly at low
srainrates. It haslittleor negativeeffectsat high strain
rates. Yuanging Xiang et d .1¥ aresynthesi zed and stud-
ied on new polymer/clay nano-composite hydrogel with
improved responserate and tensile mechanical prop-
ertiesand yet concluded that nanocomposite hydrogd s
had much grester equilibrium-swellingratio, muchfaster
responserateto pH and significantly improved tensile
mechanica properties. Asthecontent of AT increased,
thetensilestrength, effective cross-link chain density
and glasstransition temperatureincreased, whilethe
equilibrium swellingratio, deswelling rateand elonga-
tion at break decreased. Kin-tak Laua et a.[% are
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showed mechanical propertiesimproved when clay
content increaseswith increased cluster sizes. He hence
proved that hardness and cluster size go together.
Yuanxin Zhou et . arestudied on DMA and flexurd
strength hence proved that at 2 wt % clay content duo
propertiesare optimal . Emrah Bozkurt et al .Y studied
onmechanica and therma behavior of non-crimp glass
fiber reinforced |ayered d ay/epoxy nanocompositesand
yet hence proved flexura strength and modulusarein-
creased inaccordance with increasein clay content up
to 6 wt.%.

Nathaniel Chisholm et d.[*2 studied onimpact and
compressiontestsinwhich duo propertiesareimproved
by 10-14% for later case by 20-30% for former case
at 1.5wt % SiCloading and yet concluded that increase
inloading degrade the mechanical properties. D.PN.
Vlasveld et a.[*¥ are eval uated theincreased modul us
of the nanocomposites offers much more support to
thefibersat increased temperatures and in moisture-
conditioned samples, reducing the tendency for buck-
ling and kinking of thefibresin the composite under
compression. Theflexura strength of theglassfiber
composites has been increased by morethan 40% at
elevated temperaturesand thetemperaturea which the
composites strength drops below acertain value has
been increased by 40-50°C.

Thisworkiswithreferencefind out optimd increase
inmechanical & thermal properties, and chemical re-
sstanceonfivedifferent samplesprepared by dayfilled
with epoxy/WGFR asfunction of clay. Clay dispersed
by weight, is0,2,3,5and 12 wt %. SEM observations
are conducted on the fractured surface to measure
mechanica behavior besidesDSC and TGA tojudge
weather nanocompositesareequaly strongin main-
tainingthermal properties.

MATERIALSAND METHODS

Materials

Montmorilloniteclay with surfacemodified with 25-
30% trimethyl stearyl ammonium supplied by product
of Nanocor® Inc., Aldrich, Nanoclay, Nanomer®, 1.28E
fromUSA. Commercidly availableepoxy resnLY-556
& hardener HY-951 obtained from Ciba-Geigy India
Ltd. Company. Weave glassfiber red (weight: 350g/
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m?) with athickness of 0.1mm obtained from Saint
Gobain IndustriesLtd., Bangalore.

Synthesisof WGFR/Clay/Epoxy hanocomposites

Firstly, clay isdried in oven at atemperature of
80°C for 24h. Then pre-calculated amount of clay and
Part-A resin are mixed together in asuitable beaker.
Clay ismixed with sti pulated quantity of resnbased on
the predetermined ratio is mixed thoroughly with me-
chanica shear mixing for aout 1h at ambient tempera-
tureconditions. Thenthemixer iscarried out througha
highintengty ultra-sonicator for oneand haf hour with
pulse mode (50son/ 25s off). To avoid temperature
rise during the sonication process, externd cooling sys-
temisemployed by submerging thebeaker containing
themixtureinanicebath. Oncetheirradiationiscom-
pleted, Part-B hardener isadded to the modified ep-
oxy intheration of 10:1 partsby weight respectively. A
glassmould with required dimensionsisused for mak-
ing sampleon par withASTM standardsandit iscoated
with moul d rel easing agent enabling to easy remova of
thesample. A 9voal. % of weaveglassfiber red isdis-
mantled and cut with sharp scissorsinto 20 mm short
length are used to prepare composites. In this tech-
nique aglassfiber arewetted by athin layer of clay/
epoxy suspensioninamould. Stacking of glassfiberis
arranged by sideby sidedl over themoul d*+%3, Stack-
ing of glassfiber carefully arranged after pouring some
amount of resin against the mould to keep the poor
impregnation at bay. Rest of the quantity of mixtureis
poured over theglassfiber. Brush and roller areused
toimpregnatefiber. Thecosed moldiskept under pres-
surefor 24 hrsat room temperature. To ensure com-
plete curing the composite samplesare post cured at
70°C for 1 hr and the test specimens of the required
Sizearecut out from the sheet.

M easur ement of compressive strength

Inthe present work, the compressive strength and
modul us of the epoxy/clay/nanocomposites are mea
sured using an INSTRON (3369) Universal testing
machinewith acrosshead speed of 5mm/min. Thetest
specimensor compositesaretested in accordancewith
ASTM D 690 standard and yet sizes of (10x10x10)
mm3. Thetemperature and humidity for thistest are
maintained a 22°C and 45%, respectively. Six samples
of each aretested and theresultsreported.

—= Pyl Paper
M easur ement of impact strength test

Inthe present work, theimpact strength of thecom-
positesis measured using an 1zod impact tester. The
impact test samplesaremade with (63.5x12.7x12.7)
mm?3 dimens onsusing glassmoldshaving dimensions
(100x12.7x12.7) mm? and the notch ismade accord-
ingtoASTM D 256 specifications. Thistestiscarried
at ambient conditions. M/s. PS| Sales (P) Ltd., New
Delhi, supplied thelzod impact tester used by the au-
thors. In each case, fiveidentica specimensaretested
andtheir averageload at first deformationisnoted and
tabulated theaveragevalue.

Hardnesstesting

Hardness samplesare measured using aRockwel |
hardness tester supplied by M/s. PSI sales (P) Ltd.,
New Delhi. Test specimens are made accordingto the
ASTM D 785 (10x10x6) mm?, the diameter of the
bal indenter usedis0.25 inchesand the maximum load
applied is 60kg as per the standard L-scale of the
testerl¥. Test surface ought to be smooth and testing
carried out at room temperature. All thereadingsare
taken 10s after theindenter madefirm contact with the
gpecimen. Thetestisrepeated six timesfor every sample
and the averageva ues aretabul ated.

Frictional Co-efficient test

Thefrictiona coefficientisobtained fromfriction
test whichisperformed by sliding apinon asample
disc at 25°C and 40% relative humidity. Before each
test, the surface of counterpart pinisabraded with No.
1200 abrasive paper and cleaned with a cohol-dipped
cotton, followed by drying. Thisfriction test consisted
of arectangular nanocomposite pin sliding against
nanocompositesheets. Thediding speed of frictiontest
issetat 0.1, 1 and 3mm/sunder aconstant load of 10
N during 20 cycles. Another friction test isalso per-
formed at diding velocity of 0.5 mm/sand thevarious
loadsused are 1, 5 and 10 N during 50 cycles. Thus
thefriction coefficient ismeasured.

Chemical resistance test

To study the chemical resistance of the nanocom-
posites, the test method ASTM D 543-87 is em-
ployed. Threeacids, threedkalisand four solventsare
used for this purpose. Acetic acid, nitric acid, hydro-
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chloric acid, ammonium hydroxide, aqueous sodium
carbonate, aqueous sodium hydroxide, carbon tetra-
chloride, benzene, toluene, and ditilled water areused
after purification. In each case, the samples (5x5x3)
mm? are pre-weighed in aprecision electrica balance
and dipped in therespective chemical reagentsfor 24
hrs. They arethen removed andimmediately washedin
distilled water and dried by pressing them on both sdes
with afilter paper at room temperature as described
elsewheré”. Thetreated samples arethen re-weighed
and the percentage loss/gain is determined using the
equation:

Original  Final
% weightloss ~ weight _weight

or gain of thesample_ Original weight

Scanning electron microscopy analysis

A JEOL JSM 840A JAPAN scanning el ectron mi-
croscope (SEM) is used to study the morphol ogy of
fractured surfaces of nanocomposite samplesat differ-
ent magnifications. The fractured surfaces are gold
coated initidly subjectingitto SEM analysis. Thescan-
ning e ectron microgramsof different crosssectionswith
different magnificationsof the nanocomposite samples
of (epoxy + WGFR + clay) are studied.

x100

Thermal analysis

Thethermal characteristicsof the epoxy/clay bi-
nary composites aremeasured using both differential
scanning cal orimetry (DSC-2010 TA Instrument) and
thermogravimetric analyses(TGA) at arate of 10°C/
minunder nitrogen flow.

RESULTSAND DISCUSSIONS

M echanical testing

Toidentify theoptimal loading of clay, theweight
fractionsof clay in epoxy isvariedfrom0, 2, 3,5, 12
wt. %. Mechanica tests performed on (epoxy +
WGFR+ clay) asafunction of clay arein accordance
withASTM standards. It can beobservedinthe TABLE
1, figure 1 and 2 for that themechanical properties(i.e.
compression strength, compression modul us, impact
strength and hardness) of the nanophased epoxy in-
creased continuoudy withincreasing day contentsfrom
2 wt. % to 5wt. % but decreased further increasing
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clay content up to 12 wt.%. Compression strength,
compression modulus, impact strength and hardness
propertiesareimproved by 28.7, 103.5, 67.9, 25.7%
respectively at 5 wt. % clay content, when compared
over (epoxy + WGFR). In contrast with the above,
properties are decreased by 36.3, 59.9, 68.6, and
34.6% respectively at 12 wt % clay content, compared
over the5wt % clay loadingsasit isobserved as opti-
mal loading. M odification of themechanicd properties
of clay filled epoxy nanocompositesreinforced with
weave glassfiber reel by the addition of nanoclay de-
pendson many parameters. Adding someclay enhances
the properties but adding more clay may not guarantee
moreimprovement. Thisisduetotheincreaseinvis-
cosity of the epoxy ontheaddition of theclay. And the
augmentation of theamount of air bubblesduring mix-
Ing process.

However, it is also reasonable to believe that it
should havean optimal limit since physicd properties
between thesenanostructure materid sand matrix isdif-
ferent. Inthecurrent experiment mechanica properties
of compress on strength, compress on modul us, impact
strength, and hardnessisdropped if theamount of clay
isbeyond 5wt%. Besides, for the sampleswith more
nanoclay content, timerequired for solidificationisalso
longer aswell asthe surface of thesampleisreatively
soft compared with other sampleswithlower nanoclay
contents. We suspected nanoclays might retard the
chemical reaction, and it causeincomplete curing pro-
cess of thecomposites. For all thesampleswith high
nanoclay content the matrix might not befully cured.
Author asofound adding more clay attributes agglom-
eration and pull out that has been observed from the
micrographs (Figure5). At high clay content, thereisa
chance of agglomeration and that leadsto inertia of
nanoclay particleintheform of agglomerationisaso
increased. Figure 3 & 4 showsthe variation of fric-
tiond coefficientsfor (gpoxy + WGFR) nanocomposites
asafunction of clay under variousdliding speed v_load
forceviceversa. Figure 3 showsthevariation of the
frictional coefficients of (epoxy + WGFR)
nanocomposites, respectively, asafunction of clay con-
tent. For WGFR/nanocompositethefriction coefficient
increaseswith anincrease of force, on the other hand
increased with decreasein diding speed. Thefrictional
coefficientsof the WGFR/nanocompositesaredigtinctly
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Figurel: Effectsof modified cdlay contentson thecomp. strength
& comp. modulusof the(epoxy + WGFR) and (epoxy + WGFR +
clay) nanocompositesasafunction of clay respectively
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Figure3: Frictional coefficientsasafunction of clay contents
after 20cyclesfor clay filled epoxy nanocompostesreinfor ced
withWGFR

TABLE 1: Impact strength of reinfor ced with WGFR /epoxy/
clay nanocompositesasfunction of clay

Comp. Comp. Impact
Name of the sample strength modulus strength Hardness
(Mpa) (Mpa) (3/m)
Epoxy +WGFR 92.15 2018.32 5.12 105
Epoxy+WGFR+2wt. % clay 97.15 2778.82 6.32 109
Epoxy+ WGFR+3wt. % clay 102.43 3500.08 8.15 120
Epoxy+ WGFR+5wt. % clay 118.68 4107.30 8.60 132
Epoxy+ WGFR+12wt. % clay 87.02 2567.18 5.10 98

decreased, especidly at ahigher force. Thelowering of
thefriction promotesbetter tribological property,issg-
nificantly shown at 5wt% of clay content. Good rein-
forcement capability of clay could duetoitshigh aspect
ratio. Thefrictiond coefficientsof the nanocomposites
are higher comparing at the samefiller content for the
nanocomposites. It isobserved that thefrictiona coef-
ficient cond derably decreased withincreasing clay |oad-
ing at various sliding speeds. Moreover, the
nanocomposites show better frictional resistances at
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Figure2: Effectsof modified clay contentson theimpact strength
& hardnessof the(epoxy + WGFR) and (epoxy + WGFR +clay)
nanocompositesasafunction of clay respectively
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Figure4: Frictional coefficientsasa function of clay con-

tents after 50 cyclesfor clay filled epoxy nanocomposites
reinforced with WGFR

@
Figure5: SEM micrographsof nanocompositesof 300X &
100X magnificationsfor (a) epoxy +5wt. % clay + WGFR (b)
epoxy +12wt.% clay + WGFR asafunction of clay

larger load forces. On other the hand authorsfound out
goodfrictiond co-efficient valuesat low load force, but
frictiond co-efficient vd uesareincreesingwithloadforce
asshowninthefigure4. Thefriction resistance of the
nanocomposite becomesinsensitiveto theincreasing
content of filler whenthemassfraction of clay surpasses
Swt. %.

Chemical resistance
TABLE 2 showstheweight gain (+) of weight loss
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Figure6: TGA reaultsof (a) epoxy + WGFR and (b) epoxy +
5wt. clay + WGFR nanocompositesasafunction of clay
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Figure7: DSC graphsin (a) poxy+ WGFR (b) epoxy + 5wt%
clay + WGFR nanocompositesasafunction of clay

(-) experimental results of the neat epoxy and
nanocomposites asafunction of clay when the matrix
and nanocompositesareimmersed inacids, dkalis, and
solvents. Fromtheresultsitisclearly evident that weight
gainisobserved aimost al the chemical reagents ex-
cept sodium carbonate and toluene. Thereasonisat-
tack of sodium carbonsonthecross-linked epoxy. This
positiveva ueindicatesthat the nanocomposite materi-
dsareswollenwith gd formationrather than dissolving
in chemical reagents. It is also observed that, one
sampleislosttheirweight in CCl, Itisfurther observed
from thetablethat the composite under the study are
also resistant to water. Thischemical resistance study
clearly indicatesthat the clay/epoxy nanocomposites
arestrongly resistanceto al most al chemical except
sodium carbonate. The aboveresults are suggest that
these nanocomposites can be used for making water
and chemicd storagetanksin trangportation systemsin
applicationslike aerospace, marineand rocket fue en-
ginesystems.
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TABLE 2: Effectsof chemicalson weight of pureepoxy ma-
trixand nanocompostesat % changeinweight after dipping
for 24 hr

(epoxy + WGFR + clay) nanocompositesasa

Name of the function of clay
chemical T4t 06 2wt% 3wt.% Swi.% 12wt %
(HCI) (10%) +1217 +0420 +0.255 +0.955  +1.039
(CH3COOH) (5%) +1282 +0.712 +0613 +0559  +1.152
(HNO3) (40%)  +2450 +0.754 +3940 +2135 +2.173
(NaOH) (10%)  +1123 +2.673 +0865 +1116 +0.553
(Na:COs) (20%) ~ +0235 -0210 -0190 -0177  -0.155
(NHOH) (10%)  +0919 +0.767 +0431 +0.404 +0.731
Benzene +2380 +4537 +10.845 +13.148 +0.537
Toluene +2479 4128 -4955  -7.807  -3.743
ccl, +2941 +5325 +2914 +1450  -1.096
H.0 +1630 +0.773 +1304 +1071  +0.345

Fractured surfaceobservations

Toinvedtigatethefailuremechanismof WGFR/clay/
epoxy nanocomposites, thefractured surfaces of speci-
mensareexamined. The SEM picturesof thefractured
surfacesof reinforcement WGFR nanocompositesare
described with 300X & 100X magnifications respec-
tively. Infigure 5aindicatesincreased surface rough-
nessimpliesthat the path of crack tip isdistorted be-
causeof theglassfiber, making crack propagation more
difficult. It clearly showsthat inthe5wt. % clay loading
system, nanofillersarewell separated and uniformly
embedded in theepoxy system. Infigure 5b showspull
out marksisobserved asit indicateweek interfaceglass
fiber and matrix. It a so indicateshigh clay concentra-
tion, relatively higher fractions of clay agglomerations
areobserved asaresult it causesmicro voidswhich act
asastress concentration factors and facilitates shear
yieldingin the system and therefore, reduced mechani-
cal propertiesare observed.

Thermal analysis

TGA experimental resultsof (epoxy + WGFR) &
(epoxy + 5wt. % clay + WGFR) nanocompositesare
Studied decompasitiontemperature. Thermogravimetric
analysisiscarried out to estimate theamount of resin
present in the neat and nanocomposites and thermal
stability. Theweight lossv_ temperaturein Figure6in-
dicatesthat the as-fabricated panel contains 27 wt. %
of epoxy resinand therest isglassfiber and nanofiller.
The decomposition temperaturesfor (epoxy + WGFR)
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and (epoxy+WGFR + dlay) nanocompositesare 353°C
and 356°C, respectively.

Thehypothesisisexamined viaDSC analysis of
themateria used. Figure 7 illustratesthe DSC graphs
for (epoxy + WGFR + clay) asafunction of clay. Itis
noticed that, thereisanother glasstrangtion tempera-
tureat about 80°C lower than the main transition of the
epoxy matrix. Occurrences of the second trangtionil-
lustratesthat thereisalower-crosslink density, and
even linear, epoxy present in the structure. It can be
specul ated that the lower T, belongsto thechainsbe-
tweentheslicategdleries.

CONCLUSIONS

WGFR reinforced clay/epoxy nanocompositesare
prepared by high speed mechanical shear mixer & ul-
tra-sonicator withtheaid of inSitu polymerizationtech-
nique. Clay dispersed in the above nanocomposites by
weightisO, 2, 3,5, and 12 wt. % clay content.

e Compression strength, compression modulus, im-
pact strength and hardness propertiesareimproved
by 28.7%, 103.5%, 67.9%, 25.7% respectively at
5wt. % clay content, when compared over (epoxy
+WGFR).

e FromTGA andyss, 3°C increase in decomposition
temperatureisobserved for (epoxy + WGFR + clay)
nanocomposites.

e From DSC analysis, it can be speculated that the
lower T, belongsto the chainsbetweentheslicate
gdleies
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