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Preface

Over the years, a variety of polymer binders have been developed and used in
energetic material composite applications to cope with the global demand for
insensitive and high performance propellant and explosive formulations. One of
the important milestones in this effort was the development of polymers con-
taining energetic groups, namely azido or nitro groups that release significant
amounts of energy under the application of a thermal stimulus. Such type of
polymers are referred as energetic polymers. Energetic polymers, when used as
binders, provide additional energy and insensitivity to formulations as compared
with their inert counterparts. Low molecular weight energetic polymers, with the
advantages of a lower migration tendency and less sensitivity to external stimuli,
are finding application as energetic plasticizers. Through the years, a range of
energetic polymers have been developed as prospective candidates for application
as binders and plasticizers. Some of them, namely GAP, Poly(NIMMO), and Poly
(GLYN), have reached the stages of mass production.

This book is intended to provide a state-of-the-art overview of the various
energetic polymers employed for propellant and explosive formulations. The book
is divided into seven chapters. The first chapter details the historical development
of the emergence of polymers, including that of the energetic ones, as a vital
component in energetic material composites. Chapters 2 and 3 discuss the two
important members of the energetic polymer family; the high nitrogen containing
polymers and nitropolymers. For the former, the high nitrogen content (in the
form of azido and tetrazole groups) provides the polymers with high positive
heat of formation and superior energetic properties, albeit resulting in fuel-rich
formulations. However, for the latter, the presence of nitro groups offers a better
balance of oxygen content and energetic properties. The majority of the com-
mercialized energetic polymers for binder and plasticizer applications belong to
these two families. Comparisons are provided wherever possible with the inert
binder formulations, to stress the capability of energetic binder formulations for
enhancing performance and insensitivity.

Energetic thermoplastic elastomers (ETPEs) have evinced an immense interest
due to their unique mechanical and thermal behavior. They are copolymers of
energetic polymers that are discussed in Chapters 2 and 3. ETPEs provided a
paradigm shift in the processing of energetic material formulations by replacing
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the cast curing process with an environment friendly melt casting process.
Chapter 4 presents the various ETPEs used as binders and their application in
propellant and explosive formulations.

The application of fluoropolymers as binders is discussed in Chapter 5. Fluor-
opolymers owe their reactivity to the high electronegativity and oxidizing nature
of fluorine. Higher combustion energies could be obtained from composites of
fluoropolymers with nanoparticles of combusting metal fuels, such as magnesium
and aluminum. This possibility has opened up a new area of energetic materials
research called reactive nanomaterials.

Plasticizers derived from energetic polymers with nitro and azido substituents
have lower migration tendency as compared with the nitrate ester based energetic
plasticizers used in explosive and propellant formulations. The preparation, phy-
sical properties, and energetics of azido/nitro polymer based energetic plasticizers
are discussed in Chapter 6.

The macroscopic behavior of energetic material composites is the result of the
complicated physical processes and microstructure occurring in the composite at
multiple length and time scales. Therefore, a multiscale simulation approach is
necessary for the prediction of macroscopic properties of energetic material com-
posites from fundamental molecular processes. Simulation of such systems
requires theoretical models that range from those including atomistic effects
to macroscopic continuum models and passing through the intermediate meso-
scopic simulations. Chapter 7 introduces the concept of multiscale modeling
in energetic composites and application to simulate the physical and chemical
processes in the energetic composites. We hope that the energetic polymers and
formulations presented here will be useful in enhancing the search for new high
performance and insensitive energetic material composites.

Prof. How Ghee Ang
Dr. Sreekumar Pisharath
Singapore
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