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Abstract

The present research study explores different approaches to improve gas barrier and
weather resistance performance of thermoplastic polyurethane (TPU) films by incorporating
different nanomaterials such as organoclays, functionalized graphene, UV shielding
nanopowder and organic UV additives. The process route, process conditions and
concentration of different nanofillers and additives were optimized to get the best properties.
Different polyurethane nanocomposite (PUNC) films with optimized compositions were used
in various combinations to produce nylon fabric based laminates and their performance was
analyzed.

TPU/clay nanocomposite (PUCN) based helium gas barrier films were produced by two
different process routes (direct melt-mixing and master-batch mixing) and using two different
organoclays (montmorillonite and bentonite based) at a concentration range of 1-5wt% (w.r.t
weight of TPU), followed by compression molding of nanocomposite extrudates. Using the
novel master-batch mixing route, the nanocomposites were prepared in two steps — (i)
preparation of master-batch by solution mixing of organoclay and TPU, (ii) subsequent melt-
mixing of master-batch and neat TPU. In comparison to direct melt-mixing route, the master-
batch mixing route resulted in a better dispersion of clay-layers in the TPU matrix. As a
consequence, superior mechanical and gas barrier properties were obtained by the master-batch
based mixing route. The presence of hydroxyl groups in the clay-modifier of montmorillonite
clay was attributed to its nearly exfoliated structure up to 3 wt% concentration due to improved
interaction of ether groups or urethane linkages of TPU with nanoclay through hydrogen
bonding. Whereas, organo-modified bentonite showed partially intercalated and flocculated
morphology, due to the absence of any polar group in the clay-modifier. As a consequence,
TPU/montmorillonite clay based nanocomposite films showed much better mechanical and
gas barrier properties in comparison to TPU/bentonite clay based nanocomposite films.
Moreover, a significant reduction in helium gas permeability and improvement in mechanical
(tensile and tear) properties were observed for PUCN films produced with both organoclays in
comparison to neat TPU. The helium gas permeability reduced by about 40 and 32% in case
of TPU/montmoriollinte and TPU/bentonite nanocomposite, respectively, prepared by the

master-batch mixing route. At a lower volume fraction of organoclays, a good correlation was

vii



obtained between gas permeability values determined experimentally and as predicted by
different mathematical models. In the presence of organic additives with optimum
concentration (3 wt%) of organoclays, the gas barrier property of PUCN films slightly
deteriorated as they show a plasticizing effect. However, after 200 h exposure under
accelerated weathering, the organic UV additive based PUCN films showed slightly better gas
barrier property due to less photooxidative degradation of TPU.

In another approach, TPU/functionalized-graphene nanocomposite (PGN) films were
produced by master-batch based melt mixing, followed by compression molding. The
concentration of graphene was varied in the 0-3 wt% range, when a good dispersion and partial
exfoliation of graphene-sheets in TPU matrix was obtained. The helium gas barrier property
of nanocomposite films improved gradually with increasing graphene concentration, showing
about 30% reduction in gas-permeability at 3 wt% graphene loading. The tensile strength and
Young’s modulus of PGN films improved significantly with increasing concentration of
graphene, with marginal reduction in breaking extension. The prepared PGN films were
exposed to accelerated artificial weathering conditions for up to 300 h. Due to excellent UV
absorption capability of graphene, the weather resistance property of nanocomposite films
improved significantly, resulting in lower photooxidative index and carbonyl index as analyzed
by FTIR. Best weather resistance in term of retention of tensile and gas barrier properties was
obtained with 2-3 wt% graphene content. When an optimized composition of UV additives
was used in combination of 2 wt% graphene, slight deterioration in gas barrier was observed
compared to the PGN films without organic UV additives. However, after 200 h exposure, the
UV additive based PGN films showed better weather resistance in comparison to the PGN film
without organic UV additives, resulting in less reduction in tensile properties and lower
percentage increase in permeability values.

In another part of this work, the synergistic effect of ZnO nanoparticles with two different
crystal phases (anatase and rutile) of TiO2 nanoparticles on improving weather resistance
property of TPU film has also been studied. The UV Shielding nanopowder containing TiO>
and ZnO nanoparticles was calcinated at varying conditions and the process was optimized to
obtain the desired crystal structure. The as-received as well as calcinated UV shielding
nanopowders (1-5 wt%) were incorporated in TPU matrix by melt mixing in a twin-screw

extruder and the extrudate nanocomposites were used to produce films. The neat TPU and
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nanocomposite films were exposed to accelerated artificial weathering for 300 h and analyzed
after each 100 h interval. The UV protection factor (UPF) of both types of TPU nanocomposite
films increased with increased loading of nanoparticles, although the UPF values were slightly
lower for calcinated UV shielding nanopowder based TPU nanocomposite films. The
calcinated UV shielding nanopowder showed good potential in improving weather resistance
of TPU nanocomposite films in term of - (i) less change in surface morphology and surface
chemistry and (ii) better retention in tensile properties after exposure to accelerated artificial
weathering. The synergistic effect of ZnO nanoparticle and rutile phase enriched TiO>
nanoparticles in calcinated UV shielding nanopowder enhanced the weather resistance of TPU
films significantly. A suitable combination of organic UV additives (UV absorber, antioxidant
and HALS) was also determined by varying their concentration in different combinations and
exposing the films under artificial weathering. The optimized composition of organic UV
additives showed good potential in improving the weather resistance properties of TPU films.
Moreover, the optimized composition of organic UV additives in combination with 3 wt% of
calcinated UV shielding nanopoweder resulted in 94 and 86% retention in tensile strength and
breaking extension, respectively, hence showing much better potential in improving weather
resistance of TPU films.

The optimized formulations of PUNC films with best gas barrier and weather resistance
properties were used to prepare six sets of nylon fabric based laminates and their performance
were analyzed after exposure under accelerated artificial weathering. An optimized TPU based
adhesive formulation containing organic UV additives and cross-linker was used to join TPU
based films and nylon fabric. With addition of UV additive in additive formulation, the weather
resistance property of the TPU based adhesive increased significantly, showing good retention
in peel strength even after 300 h exposure. In comparison to control sample, all other laminated
sample performed well in terms of helium gas barrier and weather resistance property. Among
five-layered laminates, the laminated sample containing nanoclay in barrier layer and a
combination of calcinated UV shielding nanopowder with organic UV additive in protective
outer layer showed the best property. Among seven-layered laminates, the laminated samples
containing nanoclay and graphene in barrier layer, and nanoclay and calcinated UV shielding
nanopowder with organic UV additive in protective outer layer showed the best property. After

300 h exposure under artificial weathering, the optimized laminated structures (both the five-



layered and seven-layered laminates) showed more than 95% retention in all properties
(tensile, tear, peel strength and gas barrier). Thus, these optimized laminated fabrics with
excellent gas barrier and weather resistance properties have a good potential for aerostat

envelope applications.
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