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NOTICBa The project that is the subject of thi s 
report was approved � the Governing Board of the 
Nat ional Research Counc il, whose members are drawn f rom 
the counc ils of the National Academy of Sciences, the 
Nat ional Academy of Eng ineering, and the Inst itute _of 
Med ic ine .  The membe rs of the committee respons ible for 
the repor t were chosen for the i r  special competence& and 
wi.th regard for appropriate balance . 

Thi s  report has been reviewed by a groUP other than 
the authors accord ing to the procedures approved by a 
Report Review Committee consist ing of members of the 
National Academy of Sc iences, the National Academy of 
Eng ineer ing, and the Inst itute of Med ic ine . 

The National Research Council was established � the 
Nat ional Academy of Sc iences in 1916 to assoc iate the 
broad community of sc ience and technology with the 
Academy ' s  purposes of further ing knowledge and of ad­
visi ng the federal gove rnment . The Counc il operates in 
accordance wi th general polic ies determined by the 
Academy under the author ity of its cong ressional charter 
of 1863, which establ ishes the Academy as a pr ivate, 
nonprof it, self-gove rning membe rship corporation . The 
Counc il has become the pr inc ipal operating agency of 
both the National Academy of Sciences and the National 
Academy of Eng ineering in the conduct of the i r  services 
to the gove rnment, the publ ic, and the scient ific and 
eng ineering communi ties. It is admini stered jointly by 
both Academies and the Insti tute of Med ic ine. .The 
Nat ional Academy of Eng ineer ing and the Inst i t

'ute of 
Med ic ine were established in 1964 and 1970, respec­
t ively, under the charter of the National Academy of 
Sciences . 

Thi s  study was supported by contract DAAG29-82-c-0012 
between the National Academy of Sc iences and the Depart­
ment of the Army. 

Thi s  document is an unclassif ied vers ion of the 
Executive Summary of the Committee on Energet ic 
Materials f inal repor t, which i s  classif ied at the 
secret level . All inqui r ies about the classified report 
should be d irected to the u.s. Depar tment of the Army. 

Copies avai lable from: 

Board on Army Sc ience and Technology 
National Research Counc il 
2101 Constitut ion Avenue, N.W. 
washi ng ton, D.C .  20418 

Pr inted in the Uni ted States of Amer ica 
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PRBFACB 

Th is report responds to a request f rom the Department 
of the Army to the Nat ional Research Counc i l  for an 
assessment of energet ic mater ials and related tech­
nolog ies. The Assistant Sec retary of the Army 
(Research, Development and Acqu is i tion) reque sted an 
assessment of the posture of the U.S. Army energet ic 
mate- r ials research and development (R&D) prog ram 
relat ive to the state of the ar t. In thi s context, the 
term •energet ic materials• means explos ives, propel­
lants, and pyrotechnics, as well as incend iary sub­
stances and fuel/air explos ives and, as appropr iate, the 
modes of applying such mater ial in weapon systems. 

In add ition, the Army requested an evaluation of 
whethe r the level of program ac tivities is appropr iate 
in view of an alarming evaluation of munitions prog ram 
act ivities in the Soviet Union. Accordingly, the Army 
stressed the importance of a study of both u.s. and 
Soviet energet ic mater ials sc ience and technology and a 
consideration of the impl ications for military ap­
pl ication in convent ional nonnuclear munitions, in­
cluding related factors such as ballistics technology, 
vulnerabi l i ty, safety, and avai labi lity. 

In response to the Army ' s request, the Board on Army 
Sc ience and Technology establ ished a Planning Panel 
chai red by Dr . William G. McM illan. Other Panel 
members were Dr. Arden Bement, Dr. Walter LaBerge, Mr. 

Charles H. McK inley, and Dr. M. Frederic k  Hawthorne. 
Thi s  Panel met on September 16, 1984, to receive 
briefings f rom the Army about i ts interest in the 
�nergetic mater ials situat ion. 

Before proceeding with the National Research Counc il 
study, the Planning Panel felt that it would be he lpful 
if the Army conducted two studies that would provide 

vii 
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impor tant information for the Board ' s effort. The fi rst 
would be a survey of relevant technical/military prob­
lems. In this study, the Army would clearly identify 
the outstand ing technical/military problems that new 
high-energy mater ials having differ ing properties not 
now ava i lable might ameliorate or solve. Spec ifically, 
the survey should include such topics as manufactur ing, 
packag ing, log ist ics, field handling, delivery to tar­
get, and target effects. The Army conducted a survey 
along these lines and gave the resulting report, en­
ti tled Survey of u.s. Energet ic Mater ials Technology 
(1984 ) ,  to the Comm ittee. 

The second study would be a technical/military 
operations analysis. In this study, the Army would 
determine areas in which the g reatest gains and 
improvements were li kely to be found7 identify 
high-leverage items, and provide d irection on what 
prog ram activities could make signi f icant improvements. 
The study would address delivery means, gu idance, war­
heads, fuses, and weapons effec ts. The analysis would 
highlight the relat ive potent ial gains in target­
effectiveness of various options and would simulta­
neously cons ider the technical/ military aspects beyond 
the me re weapons effec ts, for example, developing low­
cost production methods for precis ion-gu ided munitions. 
The Army did not conduct this study. 

On the basi s  of d iscuss ions with the Planning Panel 
and the Board on Army Sc ience and Technology, the 
Nat ional Research Counc i l  const ituted a Committee under 
the Board ' s auspices to under take the study proposed by 
the Planning Panel. The Comm ittee compr ised 10 members 
who have wor ked in the field of energetic mater ials and 
the i r  use in practical devices. The bac kg rounds of the 
members include basic sc ience, applied sc ience, en­
g ineering development, and practical appl icat ion in 
weapon systems. Several are trained in chemi stry or 
chemical eng ineer ing, several in phys ics or appl ied 
physics, and seve ral in eng ineering (see Appendix A for 
profess ional biographies). Although the qualif ications 
of the Comm ittee as a whole were well matched to the 
tasks set before it, the amount of i ts members ' volun­
teer time was necessar ily l imited. As a result, i t  was 
not feasible to delve deeply into many of the particular 
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weapon systems or into part icular sc ientific research 
activit ies. Nor d id the Committee believe that it was 
des irable to do so. The tasks before the Committee did 
not call for the deta i led def inition of particular R&D 
activities to be pu rsued. Instead, they called for a 
broader assessment of R&D p rog rams and an ident ification 
of promising R&D areas and of opportunities for improve­
ments. Thus, although the Comm ittee r eviewed a g reat 
deal of technical and prog rammat ic information, and 
invest igated some subj ects in-depth, it  distilled that 
information into the gene ral findings and conclusions 
that serve as the basis for i ts recommendations. 

In making i ts assessment, the Commi ttee relied on 
informat ion from four sources: (1)  Comm ittee 
discussion sharing the expert ise of i ts members1 (2 ) 
l i terature reviews (see References and bibliog raphy 
section)7 (3)  presentations by spokesmen for various 
Depar tment of Defense laborator ies and agenc ies, by 
i ntelligence agencies, and by other quali fied 
organizat ions--government and nongove rnment1 and (4 ) 
si te visits by the Commi ttee or, in some cases, by 
subcommittees to impor tant government instal lat ions, 
where off ic ials showed and expla ined the i r  work. 

After each presentation, the Comm ittee asked the 
spokesmen for copies of relevant mater ials. The entire 
collect ion is far too bulky for reprint ing in thi s  re­
port, but these mater ials are available for inspection 
upon request to the Execut ive Di rector of the Board on 
Army Sc ience and Technology. 

The Comm ittee fi rst met on November 27-28, 1984, in 
Washington, D.C., to rece ive brief ings f rom the Army on 
the threat and status of R&D ac tivi ties at the relevant 
Army laborator ies in the areas of energetic mater ials 
and product ion capabi lit ies. The Comm ittee ' s  second 
meeting was held on January 23-25, 1985, at Stanford 
Research Inst itute Internat ional, Menlo Par k, Cal i­
fornia, and at Lawrence Livermo re National Laboratory, 
Livermore, California, in order to receive brief ings 
from invited Army contractors on their  energetic 
mater ials research and to hear from Depar tment of Energy 
researchers who are involved in energetic mater ials 
research as a result of the i r  work on nuclear weapons. 

ix 
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The eo.aittee aet again on March 4-5 , 1985 , in 
Washington, D.C., to receive briefings froa the Ara¥ on 

ar110r/anti-ar110r technology as well as to aeet with 
representatives froa the other araed services and the 
Office of the Secretary of Defense in order to obtain an 
understanding of research and development activities in 
the government outside the Ara¥. The eo .. ittee was 
unable to arrange a briefing on the ailitary threat froa 
the Central Intelligence Agency at this time. After 
these two days of briefings, the eo.aittee decided to 
make an unannounced visit on March 6 ,  1985 , to Picatinny 
Arsenal, u.s. Army Material Command, Dover, New Jersey, 
for a tour of the facility and discussions with the 
management and technical staffs on the energetic 
materials R•D work under way and projected for the 
Arsenal. 

On March 21 , 1985 , a subcommittee revisited Picatinny 
Arsenal in order to obtain information on modifications 
of explosive-formed projectiles and warheads, and on 
March 22 , 1985 , visited Ballistic Research Laboratory 
for information on warhead/target assessment method­
ologies, particularly the influence of threat defini­
tion. On the same day, another aubcoaaittee visited the 
Missile Command, Huntsville, Alabama, for a tour of 
facilities and briefings on current and projected activ­
·itiea, especially in the area of propellants. On April 
16, 1985 , another aubcoaaittee visited the Radford Ara¥ 
Aamunition Plant for a tour and a briefing on production 
R'D activities in the Aray syatea as well as for a re­
view of the Aray•a current production capabilities. 

The Committee met again in Washington, D.C., on April 
17-19 , 1985 , for an update from the �reign Science and 
Technology Center and for question-and-answer sessions 
with Dr. Robert Eichelberger, Director, Ballistics 
Research Laboratory, and Dr. Victor Lindner, Associate 
Director for Syateaa Developaent and Engineering, u.s. 

Army Armament Research and Development Center, Dover, 
New Jersey. On May 29-31 , 1985 , the eo..ittee met at 
Rocketdyne, canoga Park, california, to discuss ita 
findings, conclusions, and recommendations and to start 
writing the final report. 
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In conducting its study, the Committee received ad­
vice and assi stance from many i ndividuals representing 
var ious Army uni ts, government agencies, and pr ivate 
organizat ions . The Comm i ttee reg rets that i t  can not 
thank them all per sonally, but it does extend its thanks 
to all those who generously gave us their  time and as­
s i stance in thi s  important task. 

During the Comm i ttee ' s  year-long study, i ts meetings 
with Army representat ives were mutually informat ive. As 
a result, while the Comm i ttee prepared i ts repor t on the 
basis of i nformation made ava ilable dur ing i ts study, 
the Army undertook a number of reforms in response to 
the Committee ' s  concerns . Thus, b¥ respond ing con­
structively to the Comm i ttee ' s  study, the Army has in 
some ways outpaced the Comm ittee ' s  repor t.  Thus, the 
Comm i ttee welcomes those reforms that the Army has 
under taken, and encourages it to ini tiate those that 
remain . 

The Committee also wi shes to thank Dennis P. Mi ller, 
Executive Di rector of the Board on Army Science and 
Technology, for hi s gu idance in organizing and co­
ord inating the study and for his assistance and per­
spect ive in the preparation of thi s  report . Thanks 
also to Dr. Michael L. Hays, President of Edi tor ial 
Consultants, Inc . , for hi s ed itor ial services .  F inally, 
the Comm ittee thanks Helen Johnson, Julia Torrence, 
Car l i ta Perry, and Cheryl W inter for the ir admini s­
trative support throughout this study. Wi thout the ir 
efforts and long hours, this repor t could not have been 
completed. 

M. PRBDBRICK HAWTHORNE, Chai rman 
Comm i ttee on Energetic Mater ials 
Sc ience and Technology 
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BXBCUTIVB SUMMARY 

INTRODUCTION 

Thi s  repor t re sponds to a request from the Assistant 
Sec retary of the Army (Research, Development and 
Acqui s ition) to the Nat ional Research Counc il for 
assessments of energet ic materials and related tech­
nolog ies and of the appropr iate level of program 
act ivities in this area . I n  thi s  context, the term 
•energetic materials• means explosives, propellants, 
and pyrotechnics, as well as incendi ary .substances and 
fuel/a i r  explosives and, as appropr iate, the modes of 
applying such mater ials in weapon systems . 

Two spec if ic incentives prompted the request for thi s 
study . The first was a report entitled Soviet Past 
React ion Chemistry Research (1982 ) ,  by the Cent ral 
Intelligence Agency ' s  Foreign Technology Assessment 
Center, and br ief ings related to it. Both the repor t 
and the briefings were d i rected by Dr. Peter Rentzepi s  
o f  Bell Laborator ies. The second was the appearance of 

new, special armors--espec ially reactive armor--on 
Soviet tanks, which make them less vulnerable to 
ant i-tank munit ions.  

In response to these concerns, the National Research 
Council, adopting a recommendation of a Planning Panel, 
formed a Comm ittee under the auspices of the Board on 

Army Science and Technology . The Committee ' s  assessment 
of energetic materials research and development (R6D) in 
itself and in relation to the u.s. prog ram addressed two 
separate but related Soviet challenges . The fi rst cha l­
lenge i s  posed bf the Soviet energet ic mate r ials R6D 
prog ram, which threatens to provide the Soviet ar senal 

1 
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with an array of advanced munitions . The second chal­
lenge is  the spec ial threat of Soviet armor. The 
Comm ittee believes that this threat can be di rectly 
addre ssed by improved ene rgetic mater ials and improved 
ways of using exi sting energet ic mater ials, as well as 
improved munit ions result ing from a vigorous energet ic 
materials R&D program. 

In addit ion, the United States has imposed a chal­
lenge on i tself: the development and production of 
safer and less sens itive explos ives and propellants in 
order to enable less vulne rable storage, part icularly 
on ships and at airf ields. 

In mak ing its assessment, the Comm ittee relied on 
information from fou r sources: (1 )  Committee discussion 
sharing the expe rtise of its membersi (2)  l iterature 
reviews; (3) presentations by spokesmen for var ious 
Depar tment of Defense (DOD) laborator ies and agenc ies, 
� intell igence agencies, and by other qual ified 
organizat ions--government and nongove rnmenti and (4)  
site visits � the Comm ittee or, in some cases, by 
subcomm ittees to important government instal lations . 

However, for seve ral reasons, the information 
available to the Comm ittee was not always complete or 
enti rely reliable. It is probably impossible to develop 
a comprehens ive, well-documented critique of the ene r­
get ic mater ials prog rams and capabili ties of closed 
soc ieties like the Soviet Union and the People ' s  
Republic of Ch ina (PRC) . In add ition, the re is no 
central clear inghouse in energetic mater ials R&D in the 
United States, Depar tment of Defense (DOD), or, dur ing 
thi s  study, the Department of the Army . 

• Conclusion: DOD needs a cent ral clear inghouse of 
technical and management informat ion on all DOD and 
DOD-related prog rams in energet ic mater ials . 

• Recommendation: Such a clear inghouse should be 
established under the auspices of the Unde rsecretary of 
Defense for Research and Eng ineering or one of the 
services designated as the executive agent. 

ASSESSMENT OF SOVIET ENERGETIC MATERIALS R&D PROGRAM 

The Rentzepis report (Central Intelligence Agency, 
1982 ) , which i s  based on a survey of the open 
literature, is unable to provide a complete or reliable 
account and assessment of the Soviet energetic mater ials 
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research and development prog ram. The Rentzepis 
b r ief ing, based on very l imited add it ional intelligence, 
gave the alarming impression that the Soviet energet ic 
mater ials RiD prog ram, i s  in some impor tant ways, not 
only b igger, but also better-- i ndeed, better in par t 
s imp ly because it is bigge r--than the u.s. prog ram. 

• Conclusion: The Soviet commitment of larger 
numbers of people does not necessar ily confer com­
mensurate bene f i ts as measured in te rms of sc ienti f ic 
produc t ivity .  

• Recommendation: The United States should develop 
bette r sources of information on foreign energet ic 
mater ials R&D. 

I n  the areas of commod ity and phenomenology research, 
the Soviets have made a s izable investment in tetra­
methylene tetranitramine (HMX) and tr imethylene 
trini tram ine (RDX), the per formance of which they 
apparently believe will not be surpassed in prac tice in 
the fo reseeable future . 

• Conc lusion: Thi s investment in commod i t ies mor e 
powe r ful and more sensitive than energetic mate r ials in 
w idespread use in the Un i ted States ind icates that 
Sovi et and other Wa rsaw Pact forces choose to sac r i fice 
nei the r pe rformance nor numer ical super ior ity in order 
to obtain i nc reased safety or dec reased vulnerab i l ity. 

However, the Soviet R&D efforts are hampered by 
def ic ienc ies in advanced instrumentation and computers, 
although these def ic ienc ies are rapidly be ing remed ied. 

• Recommendation: The United States shou ld ma in­
tain, monitor, and enforce str ingent expert control 
of such technologies, but not the underlying basic 
sc iences, which cont inue to be the focus of inter­
national meet ings, j ournal publ ications, and othe r means 
of sc ient i f ic exchanges .  

THREAT OF SOVIET ARMOR 

The i nfantry needs a more effective ant i-tank weapon . 

• Conclusion: Par tial k i lls such as tur ret or tread 
kills may serve in many cases as a f i r st step in neu­
traliz i ng the mobi l i ty and thus impa i r i ng the lethality 

Copyright © National Academy of Sciences. All rights reserved.

Energetic Materials for Military Purposes:  An Assessment
http://www.nap.edu/catalog.php?record_id=19234

http://www.nap.edu/catalog.php?record_id=19234


4 

of tanks . Furthe r, the u.s. ability to respond qu ic kly 
to future armor threats will requ i re the United States 
to find shor t-term solut ions by using new weapon systems 
based on known mater ials such as BMX in improved for­
mulat ions and on better production and load ing tech­
nolog ies . 

While mines will cont inue to be useful deter rents 
against tanks , the challenge in developing improved 
mines i s  posed, not by insuf ficiently energetic mat­
er ials, but � technologies to defeat tank counter­
measures intended to predetonate or d isarm mines.  

ASSESSMENT OF THB U.S . R&D PROGRAM 

Perhaps two of the most dist inctive characte r i st ics 
of the u.s. program are its fragmentation and lack of 
coord inat ion. Because of prog rammat ic and fund ing 
ar rangements where� energetic mate r ials R&D act ivities 
are part of and supported by larger munition- and 
propellant-or iented prog rams, the Army R&D prog ram is 
also f ragmented and uncoord inated . In addition, Army 
fac i l it ies are unable to suppor t some impor tant ener­
get ic mater ials R&D ac tivities because the staf fs and 
the fac i l ities are ag ing and not be ing reinvigorated 
w i th promising young researchers or with more modern 
equ ipment . 

• Conclusion: The Army technology base has been 
seriously e roded during the last decade or so, and the 
Army has become, but must not remain, inc reasingly 
dependent on the Department of Energy National 
Laborator ies and the Navy fo r much of its technology 
base. 

• Recommendat ion: The Army should take steps to 
upgrade viable exi st ing research fac i lities ,  consolidate 
prog rams, coord inate activit ies , and integ rate staff, 
not only to prevent furthe r erosion of the technology 
base, but also to enhance that base in order to meet the 
needs for technologica l  developments requi red bf the 
threat . I f  the Army is no longer able to d ischarge i ts 
responsib il ities fo r certain energetic mater ials R&D 
act ivi t ies , those responsibilities should be located 
where they can be fully and ef fective ly discharged . 
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The Army does li ttle or no basic research as basic 
research is conceived of by research sc ienti sts. 
Research at the 6.1 level is targeted research aimed to 
achieve spec i f ic objectives . Although such research is 
undeniab ly important, i t  g reatly reduces the possi­
bilities of d i scovering new approaches to more ef fective 
energetic mater ials, or better or more economica l ways 
of formulating ,  producing, and load ing them. Targeted 
research addresses today ' a  problema, basic research 
addresses tomor row ' s. 

• Recommendat ion: The Army should ensure that its 
energet ic mater ials R&D prog ram provide for basic 
sc ient ific research, clear ly d istingu ish it from 
targeted research, but fund both under the 6.1 funding 
category. 

The Comm ittee believe s that the Uni ted States must 
have a capab ility for R&D on major and high-r isk 
sc ient if ic problems and issues in the energet ic 
materials area. 

• Recommendat ion: In lieu of a comparable DOD 
capab ili ty, the Army shou ld estab lish a dedicated 
research inst itute to conduct basic research. Such an 
institute should undertake long-term, basic researchJ 
operate f ree of day-to-day pressures to do short-term, 
targeted researchJ and function l i ke a government-owned/ 
contractor-operated nat ional laboratory to supplement 
its existing research laborator ies . Accord ingly, i t  
should be tasked to find more lethal, more potent, 
safer, and more economical energetic mate r ials that can 
meet the requ irements of the military services decades 
from now, although it could support on-going targeted 
research on a consult ing basis . 

ENERGETIC MATERIALS R&D PROGRAM 

An ef fect ive energetic materials R&D program 
addresses itself to the synthesi s ,  character ization , 
formulat ion, production, and load ing of energetic 
mater ials . The research aspect of this prog ram focuses 
both on commodit ies--that is, compounds and fo rmulat ions 
with des i rable characte r i stics--and on phenomenology-­
that is, the underlying reasons for the behavior of 
those commodities . 
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In the past decade or so, excessive attention has 
been given to synthesizing theoretically attractive, 
but highly improbable energet ic mate r ials, l i ke 
octanitrocubane (ONC) the eventual S¥nthesis of which 
may be doubtful.  Howeve r ,  there is very little chance 
that chemists anywhere in the world will discover a 
completely new and unexpected class of energetic 
compound s. Indeed, the likelihood of discover ing 
ene rgetic compounds that inc rease potency very 
remar kably is extremely remote. It is more reasonable 
to expect the ef fectiveness of new energet ic mater ials 
to be enhanced by 10 to 20 percent at most, goals that 
can be achieved by making higher-density compounds w ith 
an inc reased sensitivity. 

• Conclusion: The Army ' s energetic materials R&D 
program needs a dive rsified basic research por tfolio in 
both commod ity and phenomeno logy research. 

• Recommendation: This portfolio should deemphas ize 
research in unlikely compounds like ONC in favor of the 
more rea lizable gains to be made by better formulations 
and better eng ineer ing of phenomena assoc iated w i th 
initiation, combustion, and detonation-to-deflag r ation 
processes. Even so, the Army should direct and mainta in 
a small but c reative research effort to study high- r i sk 
but potent ially high-payof f compounds. 

• Conclusion: The Army needs to adopt a systems 
approach to ene rgetic mater ials R&D, in which all phases 
in the effort a re i ntegrated to achieve maximum opera­
t ional ef fect iveness in deployed weapons &¥Stems. Por 
example, it is unw ise to commi t large amounts of re­
sources to synthesizing compounds that will probably be 
too sens itive to be produced, loaded, and deployed in 
the f ield. 

• Recommendat ion: The Army should support R&D that 
will make poss ible a variety of ene rget ic materials or 
formulat ions tailored to spec i f ic requ i rements of 
particular munitions. 

BMX appear s to be the ene rget ic material of choice 
for many mil itary appl ications ove r  the next seve ral 
decades .  Howeve r, the Uni ted States does no t  have i n  
place a n  optimized HMX process capable o f  large-scale 
product ion at a reasonable cost at thi s t ime . �e 
Committee understands that some prog ress has been made 
in finding a practical, economical method to produce 
HMX . 
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• Recommendation: Thi s  method should be vigorously 
pursued because no better energet ic material appears to 
be in the of f ing . Moreover, the United States should 
not d ismantle , but rather should maintain i ts small 
fac ility fo r produc ing decaborane, the precur sor fo r 
carboranes and BlOHl0-2 salts, and restore it to 
ope ration ,  for the ex isting fac ility is the only source 
of decaborane in the free wo r ld .  
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