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ABSTRACT

Melt blending of thermoplastic polyurethane (TPUithwpolyolefins (PQO’s) can lower the cost and imgFo
mechanical and chemical properties. Since TPU ar@'sPare completely immiscible polymers, property
enhancement cannot be attained. Effect of incoameof polypropylene copolymer (PPCP), TPU-g-M&RUFg-
AA as compatibiliser on the miscibility of the ldenand effect of clay filler on the mechanical digs were
studied. Blends were produced by melt mixing usingingle screw extruder. Mechanical and morpholabic
properties were studied. The results show thatbileed of thermoplastic polyurethane (TPU)/PQO’s wsthitable
compatibiliser and clay gives excellent performaincall aspects.

Keywords. Polymer blend, compatibiliser,clay, filler, morpbgly, SEM.

INTRODUCTION

It is well-known that blending is important not gribr obtaining polymer materials with excellenbperties, but
for improving their processing capabilities andueidg the product costs. Owing to the needs of ewéci research
and industrial application, most polymer materiale not homogeneous systems any longer, but matieh
complex systems obtained through blending [1]. Isuibile blends are thermodynamically unstable; the
compatibiliser must be added to stabilize the molquy. This process of stabilizing polymer blendsommonly
called compatibilisation [2]. The incorporation péarticulate fillers into polymer matrices has beanextended
technique to improve or modify some properties eatnpolymers [3].The very large commercial impoctamf
polymers has also been driving an intense invesigaf polymeric composites reinforced by partatek, fibers,
and layered inorganic fillers [4, 5]. In particylam the case of layered inorganic fillers, taldanica had been
traditionally attracting the most interest. Howevescent advances in polymer/clay and polymer/kyesilicate
nanocomposite materials [6, 7] have inspired esfeotdisperse clay-based fillers in almost any pely available,
usually expecting that complete exfoliation of therganic fillers in the polymer would yield thedigerforming
systems. It has been long known that polymers carmmixed with appropriately modified clay mineralsda
synthetic clays [8]. The addition of fillers andnfercements has played a major role in the polyidustry [9].
Many different types of fillers have been introddci# polymers to provide a synergistic improvemént
processability and final product properties likadiée strength, heat distortion temperatures, théand electrical
conductivities, and enhanced gas barrier propeffi®s 11]. It has also been established that amdibf high
fractions of micron sized fillers has resulted onsiderable changes in rheological properties. asnof these
fillers are small solid particles of carbon blackjcium carbonate, glass fibres and talc and tteaiticle size range
is usually in the micron-level [10-13]. Over thestidwo decades, the addition of nano-sized laysikchtes in
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plastics has been found to offer improvements ¢écatiove-mentioned properties with just a small tityanypically
in the range of 3-5 wt%.

MATERIALSAND METHODS

2.1 Materials

Low density polyethylene (LDPE), Grade: 24FS040gHiDensity Polyethylene (HDPE), Grade: MA60200,
Polypropylene (PP), Grade: HL110MA were suppliedR®&jiance India Ltd, Baroda. Thermoplastics polyoaee
(TPU) with 85 shore A hardness was supplied by Bayalia. Engage: polyolefin elastomer, grade 84
supplied by DuPont Dow Elastomers, USA, ethylemg/ivacetate copolymer (EVA) and PPCP (Grade: MIQ)53
were supplied by Reliance India Ltd, Baroda.

2.2 Blending process

The thermoplastic polyurethane and polyolefins wereheated for three hours. The blends of TPU aybkefins

(PO) with and without compatibiliser were made gséingle screw extruder. Composition of the TPUMEéNds

were 95/5, 90/10, 85/15, 80/20, 75/25 and 70/30ranegd with 20 parts of filler on a two roll milllhese blends
were ground and used for making test specimen.i®pes for different mechanical testing were pregaising

injection moulding machine.

2.3 Analysis of mechanical properties

The tensile strength and tensile modulus of alltleads were carried out at room temperature aosuwpitd ASTM

D-638.The flexural strength and flexural modulusblEnds were done according to ASTM D-790.The inpact

strength test of all blends were carried out atraemperature according to ASTM D-256. Shore D hesd of the
blends was determined according to ASTM D-2240.

2.4 Thermal and mor phological properties

Thermal properties of the blends were studied usiiign Perkin-Elmer, DSC-PYRIS-I differential scangi
calorimeter (DSC). The fracture surface of the Bleamples were analyzed with a Philips, ScanniregtEin
Microscope (SEM). The surface morphology of the TRRW's blends with or without compatibiliser was eaed
in scanning electron microscope in the inert atrhesp of nitrogen gas.

RESULTSAND DISCUSSION

3.1. Tensile strength, Tensile M odulus and Elongation

The effectiveness of the cldijler into the blend of TPU/PO’s with and withoodmpatibiliser was investigated. In
each blend 20 percent of filler was used. Tensitength of TPU/polyolefins with and without filleand
compatibilisers is shown in figure 1a,1b and 1og<0 parts loading of the clay as filler. The tlenstrength of the
TPU/LDPE blends with compatibiliser and clay wasrfd to be higher than the TPU/LDPE blends withday.c
PPCP, TPU-g-MA and TPU-g-AA were used as compaiais. Similarly the tensile strength of the blemds
TPU/HDPE and TPU/PP was found to increase afteitiadaf clay filler in polymer blend matrix.

TENSILESTRENGTH OF TPU/LDPE BLENDS WITH CLAY

—e—TPU/LDPE —B—TPU/LDPE/PPCP/Clay
TPU/LDPE/TPU-g-MA/Clay ====TPU/LDPE/TPU-g-AA/clay
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Fig la.Tenslestrength of TPU/LDPE blendswith and without clay& compatibiliser
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TENSILESTRENGTH OF TPU/HDPE BLENDS WITH CLAY

—4—TPU/HDPE —@—TPU/HDPE/PPCP/Cley

TPU/HDPE/TPU-g-MA/Clay —<—TPU/HDPE/TFU-g-AAclay
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Figlb.Tensle strength of TPU/HDPE blendswith and without clay & compatibiliser

TENSILE STRENGTH OF TPU/PP BLENDS WITH CLAY

—4—TPU/PP —m—TPU/FP/PPCP/CLAY
N TPU/PP/TPU g MA/CLAY ——TPU/PP/TPU g AA/CLAY
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Fig 1c.Tensile strength of TPU/PP blendswith and without clay & compatibiliser

TENSILE MODULUS OF TPU/LDPE BLENDS WITH CLAY

=4=TPU/LDPE

—B—TPU/LDPE/PPCP/CLAY

TENSILE MODULUS, Kg/cm?
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Fig 2 a. Tensile Modulus of TPU/L DPE blendswith and without clay& compatibiliser
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Figures 2a,2b and 2c¢ show the tensile modulus efTtPU/PO’s blends with and without clay and conipldier.
Addition of the clay in the polymer blends of TPMRE blends increases the tensile modulus of thedblas
compared with TPU/LDPE blends without compatibilisnd clay. Similarly, TPU/HDPE and TPU/PP with
compatibiliser and clay filler shows improved téasnodulus as compared with conventional blendbauit clay
and compatibiliser. Tensile modulus of the blentdsréases with addition of polyolefin at certaindethen the
properties were found to be decrease. When fiflaniroduced into a polymeric material, the ideathat it has
regular granulometry and its particles are suffidie small to enable good distribution in the matfiLl4]. An
increase in tensile properties means that tresbdes transferred from the blend matrix to theffiparticle.

TENSILE MODULUS OF TPU/HDPE BLENDS WITH CLAY

=4—TPU/HDPE ==TPU/HCOPE/PPCP/CLAY
TPU/HDPE/TPU-g-MA/CLAY ====TPU/HOPE/TPU-g-AA/CLAY

28.00 -
26.00 -
24.00 -
22.00 -
20.00

18.00 -
16.00 - ¢
14.00 ' . . . . . .

5 10 15 20 25 30

TENSILE MODULUS,Kg/cm?

% HDPE ADDED

Fig 2 b. Tensile M odulus of TPU/HDPE blendswith and without clay & compatibiliser

TENSILE MODULUS OF TPU/PP BLENDS WITH CLAY

—+—TPU/PP —m—TPU/PP/PPCP/CLAY
TPU/PP/TPU-g-MA/CLAY —==—TPU/PP/TPU-g-AA/CLAY
v
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Fig 2 c. Tensile M odulus of TPU/PP blendswith and without clay & compatibiliser

Percentage Elongation of the TPU/PQO’s blends ext&ut/PP with clay filler and compatibiliser was falito be
more than that of blends without clay and compldigni as shown in figure 3a,3b and 3c. The incraadexibility
of TPU and LDPE may be responsible for increasedggtion than that in TPU/HDPE. In the figure 3@UIPP
blends show decreasing elongation with the additibclay into polymer blend matrix. The decreas@efcentage
elongation of the TPU/PP with increasing amounP#8fin to the blend may be due to poor interfacitileasion
between two polymers after the addition of clalgfiinto blend.

3.2 Flexural properties
Flexural strength and flexural modulus of the TR&*blends with and without clay filler and coméiser are
shown in the figure 4a-4c & and 5a-5c¢ respectiv@lyU/PQO’s blends with compatibiliser and clayéillshow
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increase in flexural strength as compared with dderithout compatibiliser and clay filler as shoimrfigure 4. In

each of the blends such as TPU/LDPE, TPU/HDPE &Md/PP, the clay content was 20 wt %. With incréashe

percentage of the polyolefins into polymer blerftissural modulus of the polymer blends increasesoup0 wt% of
Polyolefins contents and beyond 20 % wt it was tbtm decrease. An addition of clay filler into thkend also
increases the flexural strength as compared wighdwithout clay and compatibiliser. It is well kmo that the
flexural modulus of a filled system depends on peperties of components, fillers and matrix. Thexdral

modulus of clay filled TPU/PQO’s blends is higheanhthat of conventional blends without clay. Ther@gase in
flexural properties may be due to the fact thatdyparticle dispersion in the blend matrix enhanitedadhesion
between filler and blend matrix.

FLEXURAL STRENGTH OF TPU/LDPE WITH CLAY

—4—TPU/LDPE —8—-TPU/LDPE/PPCP/CLAY
TPU/LDPE/TPU-g-MA/CLAY ====TPU/LDPE/TPU-g-AA/CLAY
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Fig 4a.Flexural Strength of TPU/L DPE with and without clay and compatibiliser

FLEXURAL STRENGTH OF TPU/HDPE WITH CLAY

—4—TPU/HDPE ——TPU/HDPE/PPCP/CLAY
TPU/HDPE/TPU-g-MA/CLAY ====TPU/HDPE/TPU-g-AA/CLAY
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Fig 4b.Flexural Strength of TPU/HDPE with and without clay and compatibiliser
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FLEXURALSTRENGTH OF TPU/PP BLENDS WITH CLAY

N —o—TPU/PP —8—TPU/PP/PPCP/CLAY
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Fig 4c.Flexural Strength of TPU/PP with and without clay and compatibiliser

FLEXURAL MODULUS OF TPU/LDPE BLENDS WITH CLAY

—4—TPU/LDPE —8—-TPU/LDPE/PPCP/CLAY
~=—TPU/LDPE/TPU-g-MA/CLAY ===TPU/LDPE/TPU-g-AA/CLAY
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Fig 5a .Flexural M odulus of TPU/L DPE with and without clay and compatibiliser
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FLEXURAL MODULUS OF TPU/HDPE BLENDS WITH CLAY

—4—TPU/HDPE ——TPU/HDPE/PPCP/CLAY
TPU/HDPE/TPU-g-MA/CLAY ===TPU/HDPE/TPU-g-AA/CLAY
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Fig 5b .Flexural Modulus of TPU/HDPE with and without clay and compatibiliser

FLEXURALSTRENGTH OF TPU/PP BLENDS WITH CLAY

—4—TPU/PP ——TPU/PP/PPCP/CLAY
TPU/PP/TPU-g-MA/CLAY === TPU/PP/TPU-g-AA/CLAY
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Fig 5c .Flexural Modulus of TPU/PP with and without clay and compatibiliser

3.3. Impact strength

The reinforcement of the clay in to the polymemdl&PU/PO’s is shown in figures 6a, 6b and 6c. Addiof the
clay filler increases the impact strength of ak thlends with compatibiliser as compared with b$emdthout
compatibiliser and filler. Addition of the polyolag in to TPU matrix also increases the impactnsfite up to
certain level of the addition and then found todeerease. The increase in toughness may be caysbé good
dispersion of the clay filler into blend matrixn8e the clay particles disperse in the blend mabtends reduce the
brittleness and increase toughness of the blends.
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IMPACT STRENGTH OF TPU/LDPE BLENDS WITH CLAY

——TPU/LDPE —m—TPU/LDPE/PPCP/CLAY
c TPU/LDPE/TPU-g-MA/CLAY === TPU/LDPE/TPU-g-AA/CLAY
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Fig 6a.lmpact strength of TPU/LDPE blendswith and without clay and compatibiliser

IMPACT STRENGTH OF TPU/HDPE BLENDS WITH CLAY

——TPU/HDPE —8—TPU/HDPE/PPCP/CaCO3
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Fig 6b.Impact strength of TPU/HDPE blendswith and without clay and compatibiliser

IMPACT STRENGTH OF TPU/PP BLENDS WITH CLAY
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Fig 6c.lmpact strength of TPU/PP blendswith and without clay and compatibiliser

Scholars Research Library

1198



Merlin Thomas et al Arch. Appl. Sci. Res., 2012, 4 (2):1191-1202

3.4. Hardness

Shore D hardness of the TPU/PQO’s blends with artHout clay and compatibiliser is shown in the figgi7a,7b
and 7c. As clay is added in TPU/PQO’s blends thalmess increases as compared with blend without ahaly
compatibiliser. The improvement of the hardness beyue to the good dispersion of the filler inteniol matrix.
Hardness of TPU/PP blend was found to be more mpaed to TPU/HDPE and TPU/LDPE blends.

HARDNESS OF TPU/LDPE BLENDS WITH CLAY

—e—TPU/LDPE —B—TPU/LDPE/PPCP/CLAY
TPU/LDPE/TPU-g-MA/CLAY =<—TPU/LDPE/TPU-g-AA/CLAY
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Fig 7a. Hardness of TPU/LDPE blendswith & without clay & compatibiliser

HARDNESS OF TPU/HDPE BLENDS WITH CLAY

—4—TPU/HDPE ——TPU/HDPE/PPCP/CLAY

TPU/HDPE/TPU-g-MA/CLAY ====TPU/HDPE/TPU-g-AA/CLAY
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Fig 7b. Hardness of TPU/HDPE blendswith & without clay & compatibiliser
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HARDNESS OF TPU/HDPE BLENDS WITH CLAY
—4—TPU/HDPE ——TPU/HDPE/PPCP/CLAY
TPU/HDPE/TPU-g-MA/CLAY ===TPU/HDPE/TPU-g-AA/CLAY
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Fig 7c. Hardness of TPU/PP blendswith & without clay & compatibiliser
HARDNESS OF TPU/PP BLENDS WITH CLAY
—4—TPU/PP ——TPU/PP/PPCP/CLAY
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3.5. Morphology of Blends

The morphological and particle distribution in TPQ@'s blends and clay blends sites were studiedyusi#M and
the SEM images ahown in the figures 8a-8l. The presence of cryagéacture along the boundaries of the
blends without compatibiliser indicates the imniigdy of the two polymers blends. When compatssiis and
calcium carbonate were added into the TPU/PO’sddlethe blends display significantly finer morptmptoWhen
filler is introduced into a polymeric material, tideal is that it has regular granulometry and tteaparticles are
sufficiently small to enable good distribution imetmatrix. [15]. It is evident that the clay pde& are uniformly
dispersed within the TPU/PQO’s blends matrix and aggregates of filler particles are observed. Thigher
corroborates that the TPU/PO’s with 20 wt % clagduced relatively improved properties. The micrpgralso
shows that the clay particles were more reinfoingdalends matrix.
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Fig8k. TPU/PP/TPU -g- MA/cIay Fig8l. TPU/PP/TPU -g- AA/cIay
CONCLUSION

Polypropylene copolymer (PPCP), TPU-g-MA, and TRBAwere found to be good compatibilisers for TPD/L
TPU/HD and TPU/PP blends. The mechanical propedfi¢ise blends such as tensile strength, impaength, and
hardness were found to increase after additionayf filler. SEM images show very good dispersionctzy filler

into the blend matrix and so it can be concluded ttay can be used for improving mechanical priggof the
TPU/PQO’s blend.
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