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epoxy resins have used in many applications suameadsng

Abstract—In this paper, the effect of modified clay on thecomposites, packaging of electronic components raaking

mechanical efficiency of epoxy resin is examinetid&s by X ray
diffraction and microscopic transient electron nogthshow that
modified clay distribution in polymer area is irtelated kind.
Examination the results of mechanical tests shdas existence of
modified clay in epoxy area increases pressure wekngth, tension
module and nano composite fracture toughness mteredf pure
epoxy. By microscopic examinations it is recognized that the
action of toughness growth of this kind of nano posite is due to
crack deflection, formation of new surfaces andtfree of clay piles.

Keywords—Nano clay, Epoxy, Toughness, Composite

|. INTRODUCTION

WITH entrance to nano era in material science are
reinforced polymers to nano phase are emphasized

industrial and scientific societies. In aspect@ésce, a
new position in researches in middle-scale of mdécand

micro scales is opened and knowledge of behaviat a

interaction of materials in nano area is categdriremedical
primacies. From industrial view point what is caliieat many
industrials pay attention to this subject is apjaiee
improvement of polymer characteristics in
discussion, covering and protection of vesselsmpés in oil,

insulatio

of industrial coverings, color and adhesive indusicause of
mechanical strength, good thermal resistance anehtgr
stickiness to most of materials. But in spite ofvihg
numerous advantages this materials are fragile =ty
efforts for resistance improvement against cracketigpment
in this kind of materials is done that among ofnthean be
recited the use of lactic powder and wood and ekjiller in
nano scale[5],[7]-[9].tauphness improvement of thigterials
is usually accompaniments with solidness reductidm.
previous years some researches about nano congp@sie
done, but fracture mechanism of this kind of matsris still
unknown. Therefore according to importance of stibjand
orld approach towards nano composites and unkrmpwin
acture mechanism of this materials, the purpddhis article
is"determined to study the mechanical behavior karmiving
fracture  mechanism  of clay-epoxy resin  nano
lqomposite[4],[10]-[12].

Il. EXPERIMENTAL

Materials
Used material in this research are included epeginrand
modified clay(organ clay) in dimensions 25-35 nm.

gas and petrochemical industries[1]-[3]. It is sedhmt these Components of used epoxy are epoxy resin liquidiciidy!
systems represent new collection of materials mgarison of ether of bisphenol A, DGEBA) with trade name Ep@énfrom
common polymer composites. Therefore, in recentsymany Khuzestan petrochemical company and solidifierethylene

researches for knowing nano composite
characteristics and development of this kind ofamalts are
formed and clay is used as a nano filler in makpodymer
nano composites in a notable content. About polyreaaro
composites it is reported notable improvement o€hmaeical
characteristics such as strength, solidness anamahe
characteristics without negative effect to densityl process
ability[4]-[7]. Reinforced polymers with modifieday plus of
mentioned advantages have not porosity againssiénainof
water and gas. These materials have acceptablspasncy
against ultraviolet ray too. In amount of all kinofspolymers,
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polyméhetra amine (TETA) from china country. Used claywith

epoxy grade and from products ATP Company. It istajile
that intended clay is purchased in modified forrapestive
company and no treatment is done during productioit.

Machines

Used machines in this project are Ultra sonic nmextuX
ray diffraction made in Philips company, tensionl athesion
of Elcometer.

IIl. M ETHODS

Samples preparation

Epoxy resin and clay with defined weight ratio(2y3d 5
weight percent) for 8 hour with Ultra sonic mixtuaee mixed
and after adding solidifier the mixing is continuéd the end
of mixture process the materials are transferreéad ihe cast
and for 16 hours in 120C are cocked. Making of pure
epoxy samples is done with mechanical mixture.

Samples recognition

66



International Journal of Chemical,
ISSN:
Vol:5,

Clay distribution in epoxy with X ray diffractionnd
microscopic transient electron method is invesiidaPressure
and tension behavior of epoxy-clay nano composdes
respectively according to standard D638 and ASTNOBD&nd
velocity of applied force are 1.5 and 5 mm/min awktrage
results are reported for at least four

Examination of  fracture behavior and

Materials and Biomolecular Sciences
2415-6620
No:1, 2011

polymer chains between clay layers and distancarez@ment
between these layers that provides possibility ofarcontact
surface and using of nano phase advantages. Irefijeffect
of modified clay on pressure vyield strength is show
According to this figure, adding modified clay tpaxy resin

measuremeniscreases the pressure yield strength and thistiqpaepends
fracturgo clay amount in epoxy. Range of pressure yieténsgth

toughnessKlC) of prepared formula is measured with Onechanging is from 91.5 to 94.2 MPa. In OtherWISGSIEXICG of

slot samples by 3 point-bending method accordingtandard
ASTM D5045. to be assured from correctness of tesul
each item 3samples are examined. Also in this rekea
microscopic study of dynamism electron is doneecognize
the mechanism of epoxy-clay nano composite fracture

IV. RESULTS AND DISCUSSION

As discussed in section methods, X ray diffracpoepares
the possibility of knowing the kind of made nananmwsites
shape and provides how distributes clay in the gpBigure 1
shows the X ray diffraction results of modified v clay
and epoxy nano composite 3 weight percent clay. Rue
similarity of X ray diffraction graphs for nano cpusites 2,3
and 5 weight percent clay, in figure 1 only epoxgna
composite diffraction for 3 weight percent claysillowed and
avoided from repeating similar graphs. X ray diffian
studies show that the distance between clay lagansreased
and clay distribution to epoxy is intercalated shaps is
observed, X ray diffraction angle and distance ketwlayers
of powder clay is respectively received from 4.2 @1.2 A°
to 2.5 and 35.3A° in epoxy-clay nano composite.
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Fig.1-Ray diffraction of modified clay and epoxynwacomposite
with 3 weight percent clay
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To be assured from decomposition results of X ray

diffraction, the studies of microscopic transiemécg&ron is
drone too.(Figure 2). The image of microscopic dramt
electron shows thatpolymer phase between clay dayer
infiltrated. Whereas direction and regulation betwéayers is
retained. In otherwise, like decomposition of X diffraction,
studies of microscopic transient electron represeciay
intercalation in epoxy and nano composite providing
Providing of nano composite with intercalation shaes not
mean full separation of clay layers and ruining tfay piles,
but clay piles are distended and in some casesapyipiles
are diminished that usually are observable withhtlig
microscopic. What is important in these systemsatiog

nano filler in epoxy to some extent delays shealdyiin
pressure loading condition.

Figure 4 shows changes of tension module in nano
composite epoxy-clay per amount of modified clay in
According to tension test results, yaunge moduls lzear
dependence with nano filler amount in polymer. Soduote
with 31 percent enhancement in pure system incsefieen
2.79 GPa to 3.66 GPA in epoxy nano composite wiplergent
clay where is a notable enhancement. Accordingdb dlay is
a kind of mineral filler and is solid phase, it jgedictable to
nano composite module to be more than pure epoxy.

Fig. 2- The image of microscopic transient elecwbrpoxy nano
composite 3 weight percent clay
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Fig. 3 changes of pressure yield strength a namposite per
modified clay
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Fig. 4 changes of tension module for nano comegsst amount of
modified clay
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Effect of adding nano filler to enlargement percehtelative
length in epoxy is shown in figure 5. Accordingttis figure
there is not any notable difference between
enlargement of nano composite-1.5 weight percesy aend
pure epoxy. Adding modified clay with more than Ww&ight
percent decreases epoxy enlargement and the
enlargement is related to nano epoxy composite-Bjhwve
percent clay. Also tension experiment results shdinest
adding nano filler with more than 3 weight percdoes not
effect the relative enlargement of this nano contpdgnd.
Figure 6 shows the toughness test results. As vbdeepoxy
nano composites have more toughness than pure eguky
toughness of this kind of nano composite dependsiano
filler amount in polymer. Range of fracture tougssiehanges

clay as a sample is shown. Failure surface of atberpounds
are like 3 weight percent clay compounds. With thiféerent

relavidat roughness of failure surface depends on aleguat in it.

So if the amount of nano filler is increased thitufa surface
of nano composites are become rougher. Improveroént

lowtssture behavior in epoxy-clay nano composites eatio pure

epoxy is related to crack deflection, formatiomefv surfaces
in front and also failure of clay piles. Accorditg results of
mechanical experiments plastic deformation in nosd
nano composites is delayed. With considering m@mpg
observations choice of shear yield mechanism asowiny
mechanism of failure behavior in this nano compssiare
almost impossible. According to attained resultthvadding
modified clay to resin epoxy and making nano coripose

is from 0.7 to L15MPam®® that represents improvement ofc@n Use coincident advantages the improvement efd yi

clay-epoxy nano composite
accorded to failure toughness of pure epoxy.
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Fig. 5 enlargement changes of nano composite peuainof
modified clay
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Fig. 6 failure toughness changes of nano comppsitenodified
clay

Fig. 7 shows microscope images of dynamism eledcinon
the failure surface of pure epoxy and epoxy nanmopmsite-3
weight percent clay. According to microscopic sasli a
notable difference between failure surface of pepexy and
epoxy-clay system is observed. Failure surfaceuné gpoxy
is completely smooth and is similar to failure sgg of fragile
polymers. That represents too much resistance stgeiack
development. In spite of pure epoxy, failure swfac epoxy
nano composite is too rough.. In some areas it séleat there
is an aggregation of clay layers. Crack transit®rgnthem
and at process zone in failure surface lines siri@tinuation
after agglomeration areas of clay is observed.hls figure
image of failure surface for nano composite 3 wegrcent

toughness equivalent gastrength, yaung module, and adhesion and failunghoess.
Where flexibility and toughness of materials uspathprove
with common methods and coincident solidness réatuct
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[12]
Fig. 7 Microscope image of dynamism electron infdikire
surface:(A)(B) pure epoxy (C)(D) nano composite

V. CONCLUSIONS

Examination of mechanical behaviour and failureoxy-
clay nano composite is shown that existence of figaticlay
in epoxy increases the adhesive yield of this metér high
tension condition. Enlargement percent to failufeepoxy
nano composite-1.5% clay with 0.047 differenceslimost
similar to pure epoxy. Tension strength and failtmeghness
of epoxy-clay nano composite depends on amountasion
filler in epoxy and improvement of mentioned quaes in
epoxy-clay nano composite rather to pure epoxyimpietely
observable. In otherwise, adding modified claydsim epoxy
improves coincidently solidness and toughnessisfrifaterial.
Microscopic considerations are shown that crackleang
formation of new surfaces and failure of new pdes some of
the effective mechanisms to increase the toughokspoxy-
clay nano composite with intercalation shape.
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