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ABSTRACT

Elastomer toughened nanocomposites consisting of Poly(butylene terephthalate) (PBT), glycidyl methacrylate
grafted ultra low density polyethylene (ULDPE-g-GMA), and organoclay (Cloisite 30B) were prepared by melt
blending using microcompounder followed by injection molding. ULDPE-g-GMA was used as an impact modifier.
The content of ULDPE-g-GMA was kept constant at 2wt% while OMMT at 3wt% and 5wt% has been used. The
obtained nanocomposites were analyzed by XRD, polarizing optical microscopy (POM) and izod impact test. We
have investigated the effect of organoclay inclusion on the impact strength and morphology of PBT molecules in the
nanocomposites.
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INTRODUCTION

Polymer nanocomposite is a new class of composétemals derived from nanoparticles and it is a piw@se
material where one of the phases is in the nanomatge in at least one dimension being less ti@dnnin [1-5].
Nanocomposites based on organic polymers and inwrgday minerals consisting of layered aluminasite have
received considerable attention in recent yeatseyTare categorized as polymer/clay nanocompogsitesa novel
technique to develop reinforced polymers. The d&pe of ultra-thin (1nm) ultra high surface ardayclayers
within a polymer matrix at low loading show extrdimary improved physiochemical properties sucthiger
strength and modulus, better dimensional stabiind thermal stabilities, higher heat distortion penature,
chemical stability, gas barrier properties and #aetardancy, compared with virgin polymers [6-10]general , the
improvements in the properties may be due to thewing factors: (a) high aspect ratio and largefaee area; (b)
dispersion of the clay in polymer matrix; (c) iothiond between organic polymer and inorganic cldy.[1

Polymer —clay nanocomposites are mostly syntheslkagedusing three methods: solution intercalation,situ

polymerization intercalation and melt intercalat[@@-14]. Among them melt intercalation is the mappealing and
convenient method because of its versatility, dspatibility with current polymer processing teajues and its
environmentally benign character [15,16]. Dependinghe degree of polymer penetration into silidageers, two
idealized polymer-clay structures are possible:okatied and intercalated [17]. Until now many pobmtlay

nanocomposites have been synthesized through im@dinpg clay in various polymer matrices such alygigrene,

polyamide, PET, polyurethane, polyimide, polypr@md, epoxy resin, silicone rubber, PBT, poly(ethgl®xide)
and soon [ 8,12,15-18].

Nanocomposites based on semicrystalline polymerlayeled silicate have been actively investigatgdséveral
researchers. Semicrystalline polybutylene terepdaBBT) is the most representive and commercialigilable
engineering thermoplastic with many valuable prapsy including good abrasion, chemical resistartbermal
stability, high rate of crystallization and excellgorocessing properties. PBT is widely used inliapflons such as
insulators for electrical engineering, electrorsodution and as connectors in automobiles. Howquare PBT has
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poor mechanical and heat distortion temperaturet@overcome the drawbacks of pure PBT, impactifievdvith
clay has been used to improves properties signific§l7, 19-22].

Li et al [15] prepared PBT/clay nanocompositesmigt intercalation via montmorillonite (MMT), anduslied the
intercalation and exfoliation behavior of PBT naoimposites. A further study on the effect of blegdérquence on
the properties and microstructure of PBT/EVA-g-MAHHy ternary nanocomposites was again conductedi by
[17]. Xiao et al [10] reported the preparation @hdracterization of PBT/clay hanocomposites frharmally stable
organically modified MMT and concluded that the timg temperature, crystallization rate and crystail of PBT
were improved by dispersion of organoclay. Aciemtoal [23] studied the effect of different orgarayd on
nanocomposites, the relationship between processimglitions, nanoscale morphology, and propertie®BT
nanocomposites, with the aim of evaluating thessilale application in automotive and aerospacddiel

Present work is devoted to study the effect of OMKgIbisite 30B) on the impact strength and morpgylof
elastomer toughened PBT nanocomposites with claglimgs of 3 and 5wt %. Characterization of samplas
carried out by using HRXRD and polarized opticatmscopy equipped with hot stage and izod impastt te

MATERIALSAND METHODS

2.1. Materials:

PBT (T06 200) was obtained from DSM Engineeringsia (Pune, India). Organoclay was supplied bytiSon
Clay Product Inc. under the trade name Cloisite,30Bdified with methy, tallow, bis-2-hydroxy ethgimmonium.
The impact modifier (IM) used was ULDPE-g-GMA (teadame GE-344) supplied by Pluss Polymers, Indiaghw
contain 2% grafted GMA.

2.2. Sample Preparation:

The PBT pellets and OMMT were dried under vacuurenoat 80°C for 10 hr before use where impact modifier
(IM) was used as received. Melt compounding of RBIOMMT was done in a microcompounder Xplore 15ml,
DSM (Netherland) with organoclay loadings of 3 &adt% with base polymer at 24G. The screw speed was set
at 50 rpm. As a base of comparison, the neat PBSTalgm passed through micro compounder at the sanuktions.
The samples are identified in Table 1.

Table 1. Sampleidentification and composition

Composition (wt %)
Sample PBT ULDPE-g-GMA (IM) OMMT

A 100 0 0
B 98 2 0
C1 95 2 3
Cc2 93 2 5

2.3. Characterization:

The dispersibility of the silicate layers (OMMT) the PBT was evaluated using HRXRD (High Resoluberay
Diffractometry). The experiments were performedoaim temperature on D8 Discover, Bruker X-ray Riffometer
(40 kV at a current of 15 mA) with Cusk(A = 1.5406 &) irradiation at the rate of °nin in the range of 2 — 40A
polarizing optical microscope was used to obsemieerulite formation in neat PBT and elastomer teumgu
PBT/clay nanocomposites. A polarizing optical mgmope (POM) observation was performed using Zeiss
Axioscope microscope using 10 times magnificatP®M experiments were carried out by heating sarfpa#ets)
to 250°C and holding them for 3 min for complete meltifie crystallization was observed during coolingoess.
Nanocomposites melt was cooled to 20and kept at this temperature for 30 min. Notcized impact tests were
performed at room temperature with a Tinius OI9d8A impact tester according to ASTM D256 and takesn
measurement of the impact toughness. The respltstesl here are average of three successive tests.

RESULTSAND DISCUSSION

3.1. HRXRD characterization:

XRD is most commonly used to elucidate the strictafrnanocomposites whether it is intercalatedxéoliated. It
allows the precise measurement of silicate layercisg and intercalation behavior [24-25]. The disfmn of
organoclay in the polymer matrix was observed lghhiesolution X-ray diffraction (HRXRD). For purdP, thea
form structure is the most extensively studiedcitme and characterized by eight distinct crystalipeaksFigure 1
shows the HRXRD curves of neat PBT and elastomaghtened PBT. Both of them exhibit eight distingaisle
peaks. It indicates that the presence of ULDPE-gAGIdes not affect crystalline structure of PBT.

1834
Scholars Research Library



PurnimaJain et al

Arch. Appl. Sci. Res,, 2012, 4 (4):1833-1838

Lin (Counts)
B

Fig1l. HRXRD pattternsof Neat PBT and PBT/ULDPE-g-GMA
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Fig 2. HRXRD patternsof Cloisite 30B (a) and PBT/ULDPE-g-GMA/OMMT nanocomposites with 3wt% (b) and 5wt% (c) OMMT
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Fig. 3. POM pictures showing sper ulite growth. All micrographsweretaken under reflection mode with 10 times magnification where (a)
Neat PBT, (b) B, (c) C1, (d) C2.
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HRXRD patterns PBT/ULDPE-g-GMA/OMMT ternary nanocposites as well Cloisite 30B are shown in figure 2.
The modified clay exhibits a single sharp peak t24.73 (18.9A basal space) in the range of 1°- TéfMary
nanocomposites with 3wt% and 5wt% of OMMT (fig.2¢)bexhibits weak peak at loweb 2ngle as compared to
Cloisite 30B, implying that the organoclay is paliti exfoliated in the PBT matrix. A shift in thédt clay peak
indicates the formation of an intercalated struzturhereas disappearance of the peak or reductigs imtensity
indicates an exfoliated structure [26]. Some redeas also observed featureless XRD patterns ewepaitially
exfoliated nanocomposites [24, 27]. Peak intensitjound less as compared to Cloisite 30B, Neat RBd of
PBT/ULDPE-g-GMA, indicating the decrease in the réegof coherent layer stacking of clay.

3.2. Crystalline M or phology observed by POM:

Polarizing optical microscopy provides a basis the study of the matrix crystalline morphology dfet
nanocomposites. Polarizing optical micrographs efatnPBT, PBT/IM (B) and PBT/IM/OMMT (C1,C2)
nanocomposites during an isothermal crystallizapomcess at 208C for 30 min are shown in figure 3. Figure 3
shows that neat PBT have distinct spherulitic $tmas. The formation of sperulite is uniform thrbogt the matrix.
The presence of 2wt% ULDPE-g-GMA (fig.3, b) in PBWatrix does not show significant effect on theesplitic
morphology of neat PBT. Composition C1 and C2 fig,d) shows spherulite morphology of elastomeghkened
PBT nanocomposites with 3 and 5wt% clay. From therographs it is clear that the PBT nanocompositessists
of higher amount of crystallites with much smalkze than that of neat PBT. C2 shows irregulabgped
crystallites. It shows that the incorporation ofamoclay into polymers could lead to changes iir thgstallization
behavior. This reduction in crystallite size is daghe nucleation effect of clay. This impliesttolay layers act as a
heterogenous nucleating agent as it increasesutieation density, promote the crystallization ofymer [28-30].
The degree of crystallinity and growth rate of espliites are mainly depends on the nucleation aodt process
of spherulites [30].
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3.3. Effect of organoclay and UL DPE-g-GM A on the impact strength:

Table 2, depict the impact strength of the PBT/UBSRGMA/OMMT ternary nanocomposites as well as edtn
PBT and PBT/ULDPE-g-GMA blend. The results from study revealed that the incorporation of 2wt% aDP-
g-GMA (Impact modifier) has substantially imprové@dpact strength of neat PBT matrix. The impact rgith
increased from 54.1 J/m to 100.4 J/m, which is adoan 85.6% increase in impact strength. The éfeoess of
ULDPE-g-GMA elastomer in toughening of PBT is dadhie high compatibility of a PBT/ULDPE-g-GMA bleni
may be seen that the impact strength of the termanpcomposite is lower than that of elastomertiengd PBT. It
is also noted that the impact strength of the mrm@mnocomposites is in between that of the neaf RBd
PBT/ULDPE-g-GMA blend. This is may be due to therpimlogy of PBT/ULDPE-g-GMA blends in the presence
of organoclay, and the dispersion of organoclathepolymer matrix. It may also be due to the Em®patibility of
ULDPE-g-GMA and organoclay. This result is in favofr the literature. Li et al. [31] showed that timepact
strength of the ternary nanocomposites is in beatvtke that of the PBT and PBT/EVA-g-GMA blend.

Table 2. Impact strength of PBT nanocomposites

Compositions Impact Strength (J/m)
Neat PBT 54.1
B 100.4
C1 78.1
C2 76.0

CONCLUSION

XRD analysis shows that partial exfoliated rubbeunghened PBT nanocomposites have been formed bty mel
intercalation. PBT polymer remains incrystal form after the incorporation of impact rifed. Examination with
polarized optical microscopy shows that the claytdbutes to the reduction in crystallites size PBT in
nanocomposites. Hence, clay layers can act asatirgieagent, thus greatly increase the nuclei nunitmdition of
impact modifier improved the impact strength oftfeBT. Hence, increases the toughness of PBT. pacation of
small amount of OMMT slightly decrease the impsitength of elastomer toughened PBT nanocompoditgs.
improvement in the characteristics of PBT is esgfcibeneficial to applications like automotive aat&ctronic
applications in which clay provided the insulatemd lowers the weight of material at the same ttoag with the
increased toughness obtained using impact modifiers
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