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ABSTRACT

The high temperature resistant polymer-nanocomposias prepared using montmorillonite nanoclay as
reinforcing fillers in polyester-based thermoplasipolyurethane/EPDM blends and the effect of insieg
nanoclay loadings on physico-mechanical propertiks hardness, tensile strength, modulus and Eltingaat
break was studied. Changes in mechanical and palypioperties of polyurethane thermoplastic duraging at
70°C for 168 hours were investigated. The mechamoaperties of nanocomposite after heat ageinglists at
70°C for 168 hours showed improved thermal resistaand increases with loading of nanoclay. Theqrghtion
of the thermal exposure time, leads to a progressierease in tensile strength. These results eaaxplained by
the increase of thermal stability due to the in@eaf material rigidity and the decrease in chaiability. The
evaluation of the mechanical properties from tengéists seems to be well correlated to the crebpyveur. The
dispersion of the MMT nanoclay filler in the TPUIBM blends was achieved using aminopropyltriethdaysi
as coupling agent and investigated by SEM. Thetifumalized clay indicating improved interfacial baing
between clay and polymer matrix.
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INTRODUCTION

Recently, many scientists and researchers attracteards layered silicate based polymer nanocorphsicause
the goal of polymer-clay nanocomposites is to haelgt, only improve outstanding mechanical perforneafic6]
but also our control over thermal resistance [G] aaost effective due to small amount of filler laagl Polymer
nano-composites contain nanofiller having dimensiothe 10° m (nm) scale in a given matrix [7]. Common
clays are naturally occurring minerals and 2:1orafithe tetrahedron to the octahedron resultsiireral clays, the
most common of which is montmorillonite. The montittonite layers (platelets) having high aspeciaaif 100

— 1500 and thickness of layers (platelets) is 1with high ion exchange capacity [8]. The small amtoof nano-
sized montmorillonite platelets can increaseysptal properties of polymers and impact prope9]. The
thermoplastic polyurethanes (TPU) are an essemiiaés of polymers having many beneficial properties
comprising high impact strength, high elasticitpdagood adhesion. At present, these are used éosuhface
protection of materials like plastics, glass fib@&god and aircraft industry. Drawback of TPU isbl&a to
degradation, which leads to discoloration and ddafian. Therefore, its usage in outdoor applicatisnimited. It
was necessary to impart light stability to the Tittds by adding additives.

Different types of UV absorbers (UVAS) which carsatb ultraviolet light or initiate photo oxidatiomere added

in past. Due to high loss rate by continuous casiverto radicals and limited absorption peaks imraw UV
ranges inorganic UVAs have wider absorption regiand applications. Nanoparticles such as zinc oxide
cerium Oxide were used for photo stabilization aflymers [10-16]. In the recent years, thermoplastic
polyurethane is widely using as hydraulic seals gadket in automotives and various industrial pagso
manufactured through reaction of diisocyanates difinctional polyols [17]. The polyester-diol bas&&®U
contains an outstanding high thermo-mechanicahgtheshared with high resistance to mineral oil hgdraulic
fluids. However, due to saturated hydrocarbon baokl, Ethylene propylene diene monomer (EPDM) rubbse
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significantly good weathering oxidation and cherhiessistance in severe wet conditions [18-19].His fpresent
work, through blending of EPDM with TPUs a compesitith excellent overall mechanical performance is
produced.

The Plastic materials exposed to heat may be sutnenany types of physical and chemical changés. Severity
of the exposures in both time and temperature ohetes the extent and type of change that takesplao the
scope of this work is found out the effect of haging on mechanical properties of nanocomposite.

EXPERIMENTAL METHODOLOGY

Materials

Aromatic Polyester- based Thermoplastic polyureth@rexin® 255) having specific gravity of 1.21 g&rand
Glass Transition Temperature (Tg = %% was supplied by Bayer Material Science Chenimaiia were used to
this studies. EPDM (KEP-960) having the specifiavifly of 0.87 and a Mooney viscosity of 49(ML 1a#125C)
with ethylene content = 70 wt.% , propylene conter23.85 wt.% and ethylene norbonenen of 5.7 wt8as
provided by Kumho Polychem. Co. Ltd., Korea.

Montmorillonite Nanoclay (Nanomer 1.31 PS) surfavedified- contains 0.5-5 wt. % aminopropyltrietheigine,
15-35 wt. % octadecylamine (Sigma Aldrich, Saintulsp USA) having bulk density 200-500kg/m3 wih20
micron in size of clay were used in this projectkvo

Preparation of Nanocomposite

Compounding of nanocomposite was carried out in stages. In the first stage, the removal of moéstwas
carried out at 10T in electric blast oven for 2 hours. After predgithe TPU, EPDM rubber were mixed in
different weight % loading 4,8,12 and 16 were mix¢écambient melt temperature $@0to 230C and the screw
speed was maintained at 240 rpm in to high perfan@ao-rotating intermeshing twin screw extrudeéarfeeter of
screw = 21 mm, L/D ratio=40, model ZV20, manufaetutby Specifig Engineering, Vadodara, India) forltme
extrusion. In the second stage, nanoclay were miredifferent loading at 1, 2, 3, and 4 Phr intotiised
TPU/EPDM rubber blend at 8 wt. %. The compoundeteras passed through the different zones of Kteuder
and cooling water bath were finally collected illgté&zed form. TPU/EPDM blend and MMT clay nanocarsjte
was dried in hot air circulating oven at £G0for 2 hours. The test specimens i.e. dumbbeltispens injection
moulded by high performance injection molding maehiModel - endura, Clamping tonnage = 90 Ton, tdfib =
20 manufactured by Electronica Plastic Machine Pghe, India).

TESTING

Heat Aging of Samples

This practice recommends procedures for compafiregthermal aging characteristics of materials atingle
temperature. Samples for each different blendinip @nd filler volume fraction were prepared and o bar
shape and thermal aged according to ASTM D- 304%hénhot air circulating oven at 70°C for 7 day$he
samples were aged in the heating condition70°C in order to accelerate thermal agingd aattain a
boundary limit, which is the beginning ofetmal degradation.

Mechanical Properties
The test specimens are conditioned for analysiegntiechanical properties at 23+20C and 50+ 5%RH#bhr.
prior to testing.

Tensile Strength

Analysis of the tensile properties was done usimndNSTRON 3382 universal testing machine. To enshat a
representative sample of each composition wasdefitee tensile tests were performed for each nmtemhe
dimensions of the dumbbell shaped sample were atedaccording to ASTM D 638 [20].

Flexural Strength

The specimens used for flexural testing are barsecfangular cross section and molded shapes. 3Tpeint
flexural test was carried out by using Inston 3%8#versal Testing Machine (UTM), with cross-heacesp of
2.38mm/min. The samples were measured as per AST30 [21].

Hardness

The hardness was determined according to ASTM D2&#g Durometer (shore-D) hardness tester. Theides
carried out by placing specimens on a hard flafaser The pressure foot of the instrument is prbsseo the
specimen, making sure that it is parallel to théase of the specimen. The durometer hardnessd wéthin 1sec
after the pressure foot is in firm contact with gpecimen.
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Abrasion Resistance

Abrasion resistance was performed according to ASI D44 with the test machine (ABRASER 5131 by Tabe
Industries. N.Y., USA). The test specimen is usuall4-in.-diameter disc or a 4-in.2 plate havinghbsurfaces
substantially plane and parallel. A 1/2-in.-diamel®le is drilled in the centre. Specimens are gared
employing standard conditioning practices priotetsting.

Table -1 Mechanical Properties of TPU/EPDM Blends

Sample Codd TPU/EPDM | Hardness| Abrasion Loss| Flexural Tensile Elongation at
(wt. %) (Shore-D) (mg) Strength (Mpa) Strength (Mpa) break (%)
Before Heat aging
A 100/0 58 48.9 16.39 16.1 446.08
B 96/4 54 38.8 13.11 16.36 459.08
C 92/8 52 32.1 12.58 17.06 471.70
D 88/12 51 35.3 11.12 14.03 45451
E 84/16 51 37.7 10.72 12.41 437.45
After Heat aging
A 100/0 62 23.5 20.84 18.73 284.14
B: 96/4 60 24.7 16.03 19.03 237.19
C 92/8 58 25.3 13.51 19.81 230.08
D, 88/12 53 28.2 15.27 15.91 223.09
E; 84/16 55 29.5 15.52 14.03 227.05

Table -2Mechanical Properties of TPU/EPDM/MMT Nanod¢ay Nanocomposites

Sample| TPU/EPDM/MMT | Hardness| Abrasion Loss Flexural Tensile Elongation at
Code clay (Phr) (Shore-D) (mg) Strength (Mpa) Strength (Mpa) break (%)

Before Heat aging

1 92/8/0 52.0 32.1 12.58 17.06 471.70

2 92/8/1 54.1 24.0 16.56 18.65 438.73

3 92/8/2 54.8 14.0 19.46 20.87 426.67

4 92/8/3 55.6 10.0 21.68 21.90 415.08

5 92/8/4 56.8 04.0 18.01 17.92 423.60
After Heat aging

1, 92/8/0 58 25.3 13.51 19.81 230.08

2, 92/8/1 59.13 26.0 18.02 20.15 278.16

35 92/8/2 60.28 27.10 18.75 21.89 257.43

4, 92/8/3 61.32 29.33 21.17 22.21 243.19

55 92/8/4 61.63 30.04 15.27 18.68 267.64

RESULTS AND DISCUSSION
Mechanical Properties
The mechanical performance results of TPU/EPDM ddeare tabulated in Table 1, which clearly showes th
variation in mechanical performance with and withbeat aging at different loading of EPDM contéfrttis table
also shows that addition of EPDM rubber conterntfd) decreases the hardness due to soft nature@fERBbber
by means of increasing the soft segment in therastigl polyurethane. Addition of EPDM also redudesdbrasion
loss of TPU blend with increase in EPDM loadingbliend .Tensile strength and flexural strength desge with
increase in EPDM loading but elongation% increa€esageing the blend samples, increase in tensdelaxural
strength is observed due to crosslinking effect.a@aing the blend samples, increase in hardnessleardase in
abrasion resistance is observed. Addition of MMTaway from 1 to 4 Phr in TPU/EPDM blends with diiént
formulation of the materials shows in Table 2. Ehisran increase in hardness is found due to #&epce of hard
clay nano particles. Abrasion resistance reducedtdwhipping of the lumps with nano MMT, which didt have
good bonding with TPU. Addition of MMT increaseckettensile strength as compared to unfilled TPU/ER&hd
with different formulation of the materials Elongat % for nano loaded TPU/EPDM blend was not aéfidanuch
as compared to blend without nano MMTclay in T&ble

Increase in tensile and flexural strength was afeskefor all nano loaded blends as compared to peMe/EPDM
blends. Maximum value was found for 92/8/3 formiglatin MMT nanocomposite. Increases the loading/MT
nanoclay increased both the tensile and flexurahgth but decreased the elongation at break. #heaomposite
shows the significantly increase on hardness, lessiength but also shows the visible fall dowrelongation at
break, which indicates the good heat resistance dduing of surface modified MMT clay enhance théngg
properties significantly with the increase of témgtrength and hardness because of improved aciatfbonding
between polymer matrix and clay.
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CONCLUSION

The incorporation of modified MMT nanoclay shows throminent effect on the mechanical performance of
thermoplastic polyurethane/EPDM rubber blend afieat aging. Tensile strength and elongation atkbiega
TPU/EPDM blend increases and this trend carry dh @ increase in clay content. The result indeé#te increase
in hardness, tensile strength and decrease iniabrasid elongation at break. The nanocomposite shihe
significantly increase on hardness, tensile sttebgt also shows the visible fall down in elongata break, which
indicates the significantly very good heat resistaas unaged nanocomposite material because thiéngatensity
of nanocomposite increases after heat aging. Thtngdof surface modified MMT clay enhances the ggin
properties significantly. In this study abrasiosdand elongation at break gradually decreasesthétincrease of
tensile strength and hardness because of impravedfacial bonding between polymer matrix and clape
essence of this approach is that hydraulic seads gaskets of this material having high heat resestawith
appropriate mechanical performance.
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