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Preface

Explosives, propellants, and pyrotechnics are energetic materials (EMs) that have
been utilized for the munitions, mining, oil well perforation, construction, and
demolition industries for hundreds of years. In each of these industries, the trend has
been to develop and/or acquire EMs that display greater performance and improved
sensitivity characteristics, that are less expensive and of better quality, and that are
easy and safe to manufacture. Historically, scientists have explored the development
of new materials through organic chemical synthesis that resulted in the identifica-
tion of many EMs with varying properties. Several of these compounds were origi-
nally intended for commercial applications before their energetic properties were
discovered. One such example is trinitrotoluene (TNT) invented in Germany during
the early 1800s as a yellow dye. TNT was found to be an insensitive explosive that
was later used for main charges in munitions by the end of the 1800s.

There was much progress in the development of EMs during World War I and 1I1.
Before and during World War I, EMs for munitions were produced at small arsenals
and ordnance stations, and at a few contractor facilities across the United States.
After World War 11, the nation consolidated EM production into large army ammu-
nition plants. The entire complex, termed the National Technology and Industrial
Base (NTIB) for Conventional Munitions, is still utilized for EM manufacturing
today. Constructed in the 1940s and 1950s with the most modern manufacturing
methods of the day, production lines in the NTIB were dedicated single product
lines required to produce materials in extremely high volumes and at the lowest pos-
sible costs. The NTIB had a manufacturing capacity that was designed to supply the
munitions for the United States and its allies through a conflict based on the magni-
tude of World War 1. For example, this complex was capable of producing a million
pounds of TNT per day with similar capacities for other legacy EMs.

One of the major conundrums associated with the NTIB is how to right size
a base so that it can efficiently and cost effectively produce ammunition in peacetime
and yet maintain the ability to ramp up the capacity for readiness in the event of a
major war. Since the 1950s, the military has undergone several changes that have
had a significant impact on the NTIB. Several facilities have been closed as a result
of multiple rounds of Base Realignment and Closure actions and in 2010 changes in
the scope of military strategy. No longer is the nation concerned about being ready
at any moment to fight a major conflict on two separate fronts. Military strategy
is now based on short-duration, small-unit operations primarily focused in various
regions of the world. Under this type of strategy, the material requirements between
peacetime and readiness are diminished. The net result of all of these changes is
an NTIB that is operating between 3% and 5% of its total capacity now and for the
foreseeable future.

The military is looking to develop systems that will create leap-ahead advances
in warfighting capabilities. The vision is to transition new technologies to the
warfighter at the speed of development. For EMs, this translates into compounds
with increased power that are more effective and more survivable in a combat
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environment. Developing new products within the process constraints of the
existing NTIB is a long and arduous endeavor. The immense capacity and inflexi-
bility of these lines form a significant barrier to the transition of many new energetic
products into the field. Retooling and revising line layouts require capital expendi-
tures that make a cost—benefit analysis work against adopting any new technology.

University, commercial, and government laboratories are developing new EMs
that go beyond standard C—-H-N-O-type EMs and use processes that are not neces-
sarily traditional organic chemistry methods. These materials include metastable
interstitial compounds, organic—metallic compounds, nanophase and amorphous
phase metallic and organic compounds that are referred to as next-generation EMs.
The nation has a significant capacity within its laboratories to create these materials
using novel processes; however, there is little or no capacity to develop or produce
these innovations. Therefore, potential solutions that could be utilized to create leap-
ahead advances in warfighter capability may never be produced.

Other industries have moved from dedicated production lines and batch processes
to flexible agile manufacturing techniques. The nation is at a point in history where
perhaps the NTIB needs to be rethought to more efficiently meet the challenges and
requirements of the changing military strategy. The scope of this book will be to
look at the development of next-generation EMs that will be developed using new
and novel ingredients and modern manufacturing processes.

Section I focuses on the studies that have been conducted to assess EM physical
and chemical characteristics and the capability to synthesize innovative solutions.
This section will summarize the findings for the purpose of pointing the direction
for the future.

This section will also consider the sciences associated with recent material and
process advances of next-generation EMs. Advances in energetics technology are
making use of new chemical techniques, such as vapor deposition of fine particle
metals as high-density fuels. They look to nanomorphologies of organic crystals,
nontraditional energy release mechanisms, amorphous phases of C-H-N-O com-
pounds, spray coating and drying, acoustic mixing, twin-screw extrusion, and two-
dimensional/three-dimensional printing. This portion of the book will focus on how
basic sciences are being developed and employed to model and design the fabrication
methods to produce inexpensive high-quality EMs. This will include the develop-
ment of these processes for both legacy and next-generation EMs.

Section II examines how to conduct business in a new manner. Forming as a
subgroup in the National Armaments Consortium (NAC), the National Energetic
Materials Initiative (NEMI) is being created to focus and coordinate the develop-
ment efforts for next-generation EMs. Through the NAC, the NEMI will facilitate
the interactions between academia, private organizations, and government agencies
to generate solutions for both the warfighter and commercial industry.
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Introduction

DEPARTMENT OF DEFENSE ENERGETIC MATERIALS DOMAIN

Score

The Department of Defense (DoD) Energetic Materials (EM) mission encompasses
the entire life cycle of the products. As depicted in Figure 1.1, the life cycle of prod-
ucts within the DoD is broken out in discrete sections, taking technology from con-
cepts investigated in the laboratory through development to production, operational
sustainment, and removal from service.

Depending on the service and system under consideration, the life cycle ele-
ments of a product are managed by different organizations. In the specific case for
EMs, there is no overarching plan for the complete life cycle between the managing
organizations.

ProbuCTS

The EM products associated with DoD weapon systems are explosives, gun propel-
lants, rocket propellants, and pyrotechnics. Explosives are generally used for terminal
effects in firing trains and warhead main charges, whereas gun and rocket propel-
tants are used for the propulsion systems of munitions and missiles. Pyrotechnics are
utilized for several purposes: to generate visible light, smoke as obscurants, and heat
as anti-aircraft decoys. Each of these products has its own type of reaction, which
occurs in microseconds in the case of explosives, or in several minutes as in the case
of pyrotechnics.

For each material, the output and its corresponding sensitivity to reaction from
various stimuli are critical to handling safety and weapon system survivability.
For explosives, the goal is to maximize energy output in terms of Gurney energy
(an explosive’s ability to accelerate metal) or its brisance (an explosive’s ability to
move earth), while minimizing its sensitivity to impact, friction, heat, and electro-
static shocks. Gun propellants are different from explosives in that the material devel-
opment seeks to create compounds that maximize a specific impulse (/) during
burning with minimal flame temperatures. Gun propellant formulators also have to
be concerned with material sensitivity to external stimuli in order to maximize safety
in service during the product’s usable life. Rocket propellants also try to maximize

C Life cycle of energetic materials D
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FIGURE 1.1 The life cycle of EMs as used by the DoD.
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burning characteristics while minimizing their smoke signature along with material
sensitivity concerns.

The processing, storage, and handling of these materials are also uniquely differ-
ent. Certain materials cannot be stored and/or processed in close proximity due to
safety compatibility concerns. This is true not only in case of primary and secondary
explosives, but also with explosives and some pyrotechnic or propellant ingredients.
As a result of these material incompatibilities, safety protocols and material allow-
ances for processing have to be strictly regulated.

MissioN

The DoD is always looking to identify and employ the best technology that will
provide warfighters with the most effective weaponry possible. To accomplish this
mission, the energetics community within the DoD must monitor advanced technol-
ogy developments nationally and internationally to identify the best technologies to
address issues with military systems. Once unique and innovative technologies are
identified, it is up to the people in the service laboratories to coordinate and facilitate
the linkage between technology providers and people who understand military sys-
tems to realize creative solutions for the warfighter.

NATIONAL CAPABILITIES FOR ENERGETIC
MATERIALS DEVELOPMENT AND PRODUCTION

INTRODUCTION

EM research and development (R&D) for the DoD stands at a crossroad. In order to
meet the requirements for asymmetrical warfare, more powerful and less-sensitive
energetics are required. To achieve these results, scientists and engineers have had to
break with the traditional means for creating these materials and employ more inno-
vative approaches for new types of materials. However, the nation’s infrastructure
is primarily built around the carbon, hydrogen, nitrogen, oxygen (CHNO) chem-
istry that has been the principal basis for EMs for more than a century. This is a
major limiting factor in the transition and fielding of new materials. This challenge
is how to achieve a disruptive warfighting capability that employs next-generation
EMs (NGEMs) utilizing an industrial complex built upon 1940s’ equipment and
manufacturing processes. There exists little capability to scale technologies being
developed in today’s laboratories, that is, to raise Manufacturing Readiness Levels
(MRLs) so that they are comparable with Technology Readiness Levels (TRLs), and
virtually no capability to produce them in large quantities. The DoD has undertaken
many studies in the previous decade for the purpose of understanding the nation’s
capacity for developing and producing EMs.

CONGRESS

The House Armed Services Committee in the 2009 Defense Authorization Act
directed the Secretary of Defense to assess the current state of—and future advances



