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ABSTRACT

‘Lighter-than-air (LTA)’ helium inflatables are receiving renewed attention in the
scientific and research communities. These advanced inflatables are basically huge
balloon kind of structure made up of impermeable coated textile and typically use helium
gas to stay aloft for passive air defense and surveillance. Degradation due to the severe
weathering stresses, mainly solar ultra-violet (UV) radiation, affects the barrier property
of the inflatable envelope structure and thus limits the service life of the whole system
causing a huge loss. Thus, one of the major concerns is to improve the barrier properties

of the envelope system from the harmful weathering factors.

A typical inflatable envelope system consists of a strength layer generally made
up of woven textiles, having high strength-to-weight-ratio, to provide a flexible high
strength base to the structure and a protective layer which acts as a gas barrier layer for
maintaining the inflated condition of the structure. Among various types of polymeric
resins, Thermoplastic polyurethane (TPU) has recently attracted much interest as a
protective layer or coating for such high end applications. However, similar to other
polymeric materials, TPU is also considered to be susceptible to UV degradation on

exposure to weather.

The present study is an attempt to investigate on a novel high performance TPU
nanocomposite coatings having superior weathering resistance as well as good
impermeability property for textile based advanced inflatables. Being a very versatile
polymer in respect to its chemistry, the property of TPUs is known to vary significantly.
In this study, the weathering behaviour of two chemically different types of TPUs has

been studied in detail to understand the degradation trend thoroughly. In this regard, the
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effect of various classes of conventional UV protective additives has also been

considered.

These organic UV protective additives are found to suffer mainly from physical
losses. To overcome these limitations the study has been extended to explore the effect of
incorporation of advanced nanomaterials into the coating system. Nanomaterials seem to
provide minimum physical loss, at the same time, they can provide additional functional
properties such as resistance to permeability of gases etc. In this respect, the most
common and potential nanofillers to improve the impermeability property of polymeric
membranes are nano clay and graphene. Both of them, having two dimensional platelet
geometry and high aspect ratio, have already been reported to act as diffusion barriers in
polymeric membranes. In the present study, a combination of conventional UV protective
additives as well as advanced nanomaterials such as nano clay and graphene has been
investigated for a high performance, multifunctional nanocomposite coating. An optimal
design of TPU based nanocomposite formulation has been explored in accordance with a

mixture design for three components additives (UV stabilizer, nano clay and graphene).

Further, the above analysis has been extended to explore a novel multilayered
coating where different layers contain a sequence of UV additives and different
nanomaterials, apprehending further improvement in performance properties. A series of
TPU nanocomposite based coating formulations have been synthesized and coated onto
high strength polyester (PET) woven fabric targeting inflatable envelope systems and the

performance properties have been analyzed in detail.

The weathering of materials has long been recognized as a natural fact and the
extent of weathering is truly considered to be dependent upon the exposure conditions.
However, the natural or outdoor weathering tests of the material take prolonged time,

which is not acceptable in an industrial set up. Besides, natural conditions have too many
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uncontrolled and unpredictable variables that make analysis difficult. Thus, in this study,
the focus has been on artificial accelerated weathering where the exposure conditions are
simulated inside the lab at an accelerated level and are maintained in a controlled manner.
However, too much reliance on accelerated testing can be potentially misleading. In the
present study, an attempted has also been made to study the degradation behaviour of the
coatings under natural weathering condition, using a specially designed and in-house

fabricated outdoor weathering rack.

The ultimate aim of a weathering test is to provide a prediction of the performance
of the material under the in-service conditions. However, till date, no work has been
reported so far for prediction of service life for the inflatable envelope materials. In the
present study, a systematic approach of prediction of service life of the ultimate coated
material has also been proposed based on mathematical model. A reliability model with
two stress types (UV radiation and temperature) has been applied for the estimation of the
service life of three different types of TPU coated systems based on the loss of helium gas
barrier property. It has been found from the study that, in comparison to the neat TPU
coating, nanocomposite based coatings have significant effect in enhancing the service
lifetime of the product. Validation of the proposed model has also been made by

performing natural weathering of the materials.
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