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ABSTRACT

The nanofillers (nanoclay (NC), carbon nanofiber (CNF), and carbon nanotube
(CNT) based thermoplastic polyurethane (TPU) nanocomposites were prepared by melt
intercalation technique followed by compression molding. The nanostructure
morphology of the prepared nanocomposites was visualized through transmission
electron microscope (TEM). The representative microphotographs showed that the
nanofillers are homogeneously dispersed within the TPU matrix. The thermal and
dynamic mechanical properties of the TPU nanocomposites were analyzed using
thermo-gravimetric analysis (TGA) and dynamic mechanical analysis (DMA). The TGA
study found out that the thermal stability of the nanocomposites was significantly
increases with increase in filler loading, which is attributed to the rigidity of the
nanofillers and very good interfacial interactions between TPU matrix and nanofillers.
The storage modulus (E') and dynamic glass transition temperature (Tg) of the TPU
matrix are significantly enhanced by the incorporation of nanofillers due to the strong
reinforcing effect imparted by the nandfillers.

1. INTRODUCTION

Polymer nanocomposites have received outstanding importance in the present
decade because of their broad range of high performance applications in various areas
of engineering and technology due to their special material properties.

The new class of polymer nanocomposites based on nanofillers (nanoclays,
nanofibers, nanotubes, nanoparticles, etc) has received enormous attentions from
academicians, researchers, and industrial personnel from the very inception of its
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discovery (Pavlidou and Papaspyrides, 2008; Moniruzzaman and Winey, 2006;
Thostenson et al., 2005; Ray and Okamoto, 2003). Polymer nanocomposites are a
novel class of composite materials where one part of the constituents i.e. dispersed
phase has dimensions in the range of 1-102 nm. A great interest is dedicated to
nanofiller based polymeric materials, which exhibit excellent enhancement in
macroscopic material properties (mechanical, thermal, dynamic mechanical, electrical
and many more) at very low filler contents and can therefore be used for the
development of a next generation nanocomposite materials. The improvement of
material properties of nanofillers reinforced polymer nanocomposites is assigned to
their nanometer dimensional features i.e. the extraordinarily high surface area of the
dispersed nanofiller and the unique microstructure characteristics that make them
excellent candidature as reinforcing materials for polymers in multifunctional
nanocomposites.

2. EXPERIMENTAL
2.1 Materials

Commercial biomedical grade cyclo-aliphatic polyether based TPU (Tecoflex® EG
80A injection grade) used as the matrix material for this work was supplied by Lubrizol
Advanced Materials, Inc., Thermedics™ Polymer Products, Ohio, USA. Commercial
organically modified layered silicate (Cloisite 30B) used in this study was procured from
the Southern Clay Products, Inc., Texas, USA. Heat-treated low-density vapor-grown
carbon nanofiber (PR-24-HHT-XT-LD) was procured from Pyrograf® Products, Inc. an
affiliate of Applied Sciences, Inc., Ohio, USA. Carboxyl functionalized multi-walled
carbon nanotube (COOH-MWNT) of 95 weight percent (wt%) purity contains 3.86 wt%
—COOH groups used for the research work were supplied by Cheap Tubes, Inc.,
Vermont, USA.

2.2 Methods

Polymer nanocomposites based on TPU and nanofillers were prepared by melt
intercalation technique using Thermo Scientific Haake PolyLab OS Rheomix (Thermo
Electron Corporation, Massachusetts, USA). The mixing of samples was carried out at
temperature of 185 °C with a rotor speed of 100 rpm. The mixing time for nanoclay
filled system is 6 min as well as nanofiber and nanotube filled system is 8 min. Varying
amount of nanoclay (1, 3, 5, 7, and 9 wt%), nanofiber (1, 4, 7, 10, and 15 wt%), and
nanotube (0.5, 2.5, and 5.0 wt%) were added to the TPU matrix. The TPU pellets and
nanoclay were dried in a vacuum oven at 80 °C for 6 h and 12 h, respectively prior to
mixing for the evaporation of moisture if any in the supplied materials. The nanofiber
and nanotube samples were dried at 120 °C in a preheated vacuum oven for 24 h
before processing. The compounds were cut into small pieces and specimens of 2 mm
thick sheet for all the compositions were prepared using compression molding machine
(Moore Press, GE Moore and Son, Birmingham, UK) at 185 °C for 3 min with an
applied pressure of 5 MPa. The compression molded sheets were cooled to room
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temperature under adequate pressure and samples for mechanical testing were
punched out from the sheet using die cutter. Virgin thermoplastic polyurethane sample
is coded as ‘TPU’ and TPU nanocomposite samples are designated as TPUXB’,
‘TPUXH’, and ‘TPUXMC’ where ‘X’ values are wt% of organoclay, nanofiber, and
nanotube loaded to 100 wt% of TPU matrix. The capital letters ‘B’, ‘H’, and ‘MC stand
for organoclay, nanofiber, and nanotube, respectively.

2.3 Characterizations

The distribution of nanofillers into the TPU matrix and interfacial region of
nanofiber and matrix were studied using a transmission electron microscopy (TEM,
model JEM 2100, JEOL Limited, Tokyo, Japan). Thermal stability of TPU
nanocomposites were measured by thermogravimetric analysis (TGA, Q50 V6.1 series,
TA Instruments, Delaware, USA) from room temperature to 600 °C with a scan rate of
20 °C/min in dry nitrogen atmosphere. Dynamic mechanical analysis (DMA, 2980
V1.7B series, TA Instruments) was used to measure the dynamic mechanical properties
of nanocomposites. The test was carried out in DMA multi-frequency module with
tension film clamp type at a constant frequency of 1 Hz, static force of 0.01 N and
amplitude of 10 ym in the temperature range —100 to +100 °C and a scan rate 3 °C/min
in liquid nitrogen atmosphere.

3. RESULTS AND DISCUSSION

Fig. 1 represents the TEM photomicrographs of 5, 10, and 2.5 wt% NC, CNF, and
CNT based TPU nanocomposites, respectively. It is shown in images that the
nanofillers are homogeneously dispersed throughout the TPU matrix without any sigh
of aggregations due to the strong adhesion bonding between nanofillers and TPU.

(a)
Fig. 1 The TEM images of (a) NC, (b) CNF, and (c) CNT based TPU nanocomposites

Fig. 2 shows the TGA thermograms of NC, CNF, and CNT based TPU
nanocomposites. It is observed that the thermal stability of the TPU matrix was
significantly increased by the incorporation nanofillers due to the strong interfacial
interactions between TPU matrix and fillers.
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Fig. 2 The TGA curves of (a) NC, (b) CNF, and (c) CNT based TPU nanocomposites

Fig. 3 depicts the effect of temperature on the E' of NC, CNF, and CNT filled TPU
nanocomposites. It is observed from the pictures that the modulus of the TPU
nanocomposites substantially increases with increase in nanofiller loading throughout
the scanned temperature range due to the strong reinforcing effect exhibited by the
nanofillers. The rate of E' improvement is more pronounced at high temperature region.

10* 10
—TPU —TPU
—TPUMH ——TPU0.5MC
5 — TPU4H 3 —— TPU2.5MC
10 — TPUTH 107 ——TPU5.0MC
—_ ——TPU10H —
© e ©
g . TPU15H g .
=10 =10
u u
104 104
10— 10— 10—
100 -75 -50 25 0 25 50 75 100 <100 -75 -50 25 0 25 50 75 100 100 75 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C) Temperature (°C)
(a) (b) (c)

Fig. 3 The E' of (a) NC, (b) CNF, and (c) CNT based TPU nanocomposites

4. CONCLUSIONS

The nandfiller based TPU nanocomposites were prepared by melt compounding
method. TEM study revealed that the nanofillers were uniformly distributed within the
TPU matrix. TGA analysis showed that the thermal stability of the system was
remarkably enhanced by the addition of nanofillers. DMA investigation concluded that
the modulus of the samples noticeably improved with nancfillers loading.
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