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MODEL STUDIES OF ENERGETIC COMPOUNDS

I. Objectives:

BN
A. Long Range. Chemical explosives have been used as weapons for

centuries, however, systematic physical and chemical studies of energetic

materials have been carried out only since World War 1I. Even then, we

still do not have a detailed knowledge of the exact species in the reaction

zone or the applicable kinetic and reaction products of a detonation.

Modern weapons are exposed to ever increasing severc cnvironments
such as aerodynamic heating and high shock pulses of extended duration in
the msec range. Energetic materials capable of surviving this environ-
ment and functioning properly must be developed at a reasonable cost.
Consequently, research is needed in thermal decomposition kinctics to
understand the initiation process.

In order to provide necessary shelf-life of energetic materials,
we must develop the knowledge to predict the aging process ot energetic
materials under ambient conditions. This requires rescarch in room
temperature kinetics, and how the aging mechanism is affected by binders,
etc._\ygdels are needed for the interaction of encrgetic matcrials with
non-energetic materials at ambient environmental conditions.

Non-ideal energetic materials show a strong potential tor siccable
gains in performance, based on a morc cffecient use of the avarluble

W

energy. However, before this concept can be appliced to specific <

a more detailed understanding of the non-ideal explosive hehavier must b

acquired. This necessitates research in the following aveust I effects
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of molecular weights on reaction products, (2) identification and quantifi-

cation of reaction products, (3) reactionkinetics and controlling factors,

(4) determination of the state of the reaction products and (5) mathematical

modeling of the non-ideal detonation phenomena.

B. Immediate. The initial objectives of this study included the
following: (1) Determination of the mode of thermal decomposition of
DATB (diaminotrinitrobenzene-DATNB) and TATB (triaminotrinitrobenzene-

TATNB), and the identification of the molecular specics produced. (2)

Evaluation of the induction periods and cnergies of activation associated

with the thermal decomposition of DATB and TATB. (3) Dctermination of
binder properties of TNB (trinitrobenzene) by studying the DATB-TNB and

TATB-TNB molecular complexes by stop-flow and static UV mcthods.
N
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II. Research Project Status:
A. Mode of Thermal Decamposition of Picramide and DATB. 1In this

study of energetic compounds, it was necessary to substitute picramide (a)
for TATB (c) due to the temperature range limitation of the available

EPR spectrameter. In particular, it was impossible to obtain temperatures
above 280°C with any degree of accuracy. Thermal studies of TATB require
320°C or above. Consequently, picramide was an obwvious substitute as the
first comound in this series of energetic materials. Highly purified
picramide melts at 194°%C and therefore, its thermal decomposition properties

are readily monitored by the available EPR spectrameter system.

Nﬂz NH2 NH
OZN I\Dz 02N NOZ 02N N02
NHz HZN NH2
Yo, No, NO,
Picramide DATB TATB
@) ) ©)

The themmal decumposition of a variety of energetic materials is often
facilitated by the presence of binding agents and various impurities left
behind during the chemical synthesis of the energetic material. We have
observed this in the cases of TNT, RDX, HMX and other compounds which were
themmally decamposed in the microwave cavity of an EPR spectrameter. This
is a typical result for free radical reactions whose progress is enhanced
by the presence of paramagnetic impurities.

In view of the above, it was necessary to purify both picramide and
DATB such that their melting points were narrowly defined. This was
acoamplished by multiple recrystallizations from benzene and ethanol.
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The next problem was the determination of a suitable medium or host matrix
for the energetic material. TwO such materials were deemed suitable. These

.l - o in s wenh e m AL . ikl i

were hexamethyl benzene, a low melting solid, and diethyl adipate, a high
boiling ether. Typical EPR spectra of radical intermediates produced in
the thermal decamposition of picramide and DATB are given in figures 1 and

2. These data were analyzed to give the hyperfine coupling constants
associated with the proposed radical species, a' and b’. H

(o) 2 2 ¢
] b! g
(a') (b") g
2a,; = 5.70 gauss Sa, = 2.67 gauss 5
2
c
2a = 2.85 gauss 2a, = 10.75 gauss 2
These results are consistent with the loss of NO2 as is the case 3 1
= £
with the thermal decampsition of TNT, RDX and HVMX. Simulated EPR spectra : 4

of a' and b' are given in figures 3 and 4 which were produced using the

EPR spectra simulation program of Goldbery. ;
The EPR hyperfine coupling constants are assigned to the nitro Jroup

nitrogens on the basis of (a) theoretical calculations using MNDO UHF

methods (see Table I) (b) experimental results obtained by previous

investigators and {(¢) a limited choice in the case of a'. A similar

rationale was used to asign the hydrogen hyperfine splitting constants

to the ring hydrogen atoms.




TABLE I: EPR HYPERFINE CONSTANTS

Calculated vs. experimental hyperfine coupling constants (gauss) for the
picramide anion and radical species a' and b', respectively.

Picramide Anion

Hyperfine Constant Experimental Calculated i
2
aN(NOZ) 3.72 0.9 ;
ay (NH,) 0.41 0.7 j
aH(meta) 7.02 17.3
aH(para) 1.76 11.7
»
a, (NH,) 0.41 1.0 §
Radical Species a' §
) -]
2, (N0,) 2.85 0.4 g }
aN(NHZ) 1.0 4.5 é
aH(meta) 5.70 10.7 ; ﬁ
a, (NH,) 1.0 0.5
Radical Species b'
0.8
ay(NO,) 10.75
0.6
ay (NH,) 1.0 1
{
a,, (para) 2.67 6.2
0.5
aH(NHZ) 2.67




EPR Spectrum of Picramide Radical (a‘)
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Figure 2: EPR Spectrun of DATR Radical (b')
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B. Kinetic Modeling. During the course of the thermal decamposition

of TINT, picramide, DATB and other energetic materials, an intermediate

radical is formed which later disappears. Subsequently, a radical signal
develops which is associated with the development of a polymeric material.
We have developed a general model for this thermal decamposition which is

as follows:
HMB~FM RADICAL MBECHANISM

In this model, HMB = hexamethylbenzene (or binder), EM = energetic
material, = intermediate radical, Xl = polymeric radical, R, and X2
are presently undefined species.

k
e B N
BB + EM Ez Cl E4 R1+R2 wherecl-—rmlewlarccmplex
k
Ry -osxl (polymeric species)
k

R, +X

time

The time factor indicates that C, formation is very rapid relative to

1
R formation. Phase (1) represents the formation of Rl fram Cy- Phase (2)
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represents the pnint at which the concentration of Rl is constant. Phase
(3) represents the loss of Rl to form the polymeric species, xl.

As a result of a recent investigation of phase (1), the reaction of
HMB with TNT has been shown to be 3/2 order in HMB. In a free radical
mechanism, the presence of a 3/2 order temm indicates that chain temination
takes place between two radicals that undergo second order propagation
reactions. We have derived three schemes which demonstrate this principle.

These mechanisms are one-half, first and three-halves order in EM, respectively.

Preliminary studies indicate that the mechanism is first order in TNT and

three-halves order in HMB, as is the case with the 1l®t of the three proposed

mechanisms.
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Formation of R1 (intermediate radical):

Scheme (1)
Ky
(a) m+m§c
k2 -1
) C ¥ R*+m2+ms*
k
(c) R*+C-03R1+C*
X,
(d) C*‘DR*+HMB+I‘K32
k

() 2R* # 2 (termination)

Steady-state assumptions: d(R*)/dt = d(C*}/dt =0

ARY)/dt = 0 = k,C = KRAC + k,C* = kS(R*)z

2 3

a(c*)/at = 0 = k3R*C - k4C*

= *
2 k4C* k3R C

2 _ - 172
Ik (R*)T = k,C IR = (kC/k)

d(Rl)/dt = k3R*C = K! (I-MB)3/2 (BM) 3/2

where k' = (6 30 A A%

Scheme (2)
(a) see Scheme (1)
(b) see Scheme (])

k

{c) R*+}MB-»3 R1+ HVMB*
k4

d) C + HMB* 9 R* + Y + NO

2
k
(e) 2R* -05 Zz (termination)

Steady-state assumptions: d(R*)/dt = A(MB*)/dt = 0

d1a 1 byt) v wSN NO 032N00Ne AN
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el

2
- \d
4Cl'l"lB"‘ ks (R*)

d(R*)/at = Q = kzc - k3R*!MB +k
4A(MMB*)/dt = 0 = k2C + k3R*HlB - k4C!'MB*
P ()7 = 2k C; BR = (2k2C/k5)l/ 2
d(Rl)/dt = k3R*HdB
= k' (am) 32 () /2 )
- V2 :
where K' k3(2k]k2/k_lk5) ?

T

Scheme (3) |
(a) see Scheme (1) :
D) x + e R 2w + NO, + HYB* . ‘
(c) (RMB*) -):3 R + BB* g {;
(@) mMB* + MM )-(04 (RMB*) + NO, g .
(e) 2(rRIMB*) is Z + 2IMB f:: |
Steady-state asswmptiuns: A(MB*)/dt = d(RDE*)/dt = 0 2

AEMBY /3t = 0 = k, (B)C” + k, (RMBY) - k, (DB¥) B i
A(REMB*) /dt = 0 = (1/2)k2C2mB - Ky (RIMB*) + K, (HMB*) (2Y) - kS(RHIdB*)Z
éks(RfMB*)z = (/2% (oB)

d(Rl)/dt = k3(mm*)
= k' () 2 ()
Ve 12
where K (Bk,/2) ™ "k /%)




C. Analysis of Activation Energies. The activation energies of the

radical species a' and b', are 41 and 44 kcal, respectivcly. These values
are similar to those obtained in free radical reactions in which a carbon-
nitrogen bond is broken. The EPR analysis of a' and b' along with recent
evidence that the thermal decomposition of various energetic materials
produces NOZ’ suggests that the thermal decomposition of picramide and

DATB involves the production of NOZ'

D. Use of TNB as a Complexing Agent and Binder. Our original proposal

dealt with the use of TNB as a complexing agent and its general cfficiency

as a binder. Our observations are that thcermal decomposition occurs more
readily in TNT than in TNB. Consequently, we conclude that TNB would pro-
vide a longer shelflife than TNT, if used as a binding agent under comparable

conditions,

E. Stop-flow Studies. The final part of our investigation dealt with

stop-flow studies of DATB-TNB and picramide-TNB complexes. A stop-flow
(Dionex) apparatus has been purchased and interfac.d with a Biomarion
transient recorder, Tektronix scope and a recorder. We have just recently
begun to obtain kinetic data on the proposed systems in acctonitrile. We

will continue our investigation and extend it to include both TNB and TNT

complexes, if this is feasible.
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List of Publications in Technical Journals:
A. EPR Studies of Thermochemical and Photochemical Decomposition of
Nitramines in the Condensed Phase and in Solution, H. L. Pugh,

L. P, Davis, J. S. Wilkes, W. R, Carper and R. C. Dorev, Proceedings
of the Seventh International Symposium on Detonation (to be published)

B. First Steps of the Thermochemical Decomposition of Molten TNT, L. P.

Davis, A. G. Turner, W. R. Carper, J. S. Wilkes, R. C. Dorev, H. 1.
Pugh and K. E. Siegenthaler, Thermochimica Acta(in preparation)

Personnel Associated with the Project:

Dr. W. Robert Carper - Professor of Chemistry
Mr. David P. Campbell - Ph.D. student in Chemistry

Interactions - Presented Papers:

See I1IB above - to be presented at the National A.C.S. mceting,
Physical Chemistry Division, Atlanta, Ga., Mar. 28, 1981

New Discoveries - Not applicable

General Assessment:

The work accomplished under the auspices of this grant represents an

important step forward in the development of a general model of the thermal

decomposition of energetic materials. An understanding of both this phe-

nomena and the overall effects of binders is crucial to the future develop-

ment of improved methods in the areas of energetic material production and

storeage.

16

L1 @ v 3a) v wsH NO 0IXN0CLEY I




I —— e

UNCLASSIF 1D
—— e e — — . r o+ = qaq
CURI™Y LASSIFICAT A% OF Twis PACE (When Naie tniered |

REPORT DOCUMENTATION PAGE N I

! L F Gy
VOREPIORY NUMAER GOV A 7 ESSTION MO 4 RE Br b Y 8 ATA_ ),y et b
AFOSR-TR- 81-0352. ,Ap ACTE /L/}J
PA TAVLE cand Sobtitle | Y S L »4; A -‘gu s RN
WODEL STIDIRS OF INERGETI. (YMPOI™mY: Sl unx-m NS D R
‘,...‘.Q;J.uh - _l.) l
. bop et v ¢.. Lo ;;-., g e
...... e e c . Y .
7 AGTHOR 'I . [P T S L T A S T S
W. Pohert Carper APOGRE=R0-n TN
! .
|
A PERS RAM G “Hohh TAT 0N NAME AND ACORE 25 T T T U e Gk ks St o
NDepartment of Chmistry, Wichita State "mycarsity, | 45888 et
Wichita, Kansas 67209 ' JAna e
IR
p— — - e cmem— s o - e - - -4 - = -
v TONMTRCLUUING OFFITE NAME AND ATDRE SS [ " [
< o : . - -y T ‘1',Ll“'!: 1
AMER (ML) ol ling AFB, D.C. 2032 Ty e e
VA Mon T RIS ARE o NAME A RCTEE St e fo m ne (g gt et e P
inelassyiaed
| ‘e I a -
! o
1e ST BTN SYATEMES T T;'-ZC.‘:?TTT" - T N
..
-
b e e e e e e e .
T DISTRIALTION STATEMENT 1( tha ahcira 1 antarat ~ B ok, P eee e s ey

A
18 SUPI LEMENTARY §OTE S,

19 wfv W"Da; "’nn/m-/r B Y T L B It Jorer LERY. TN TR T SR AR O S PPN PR LI
Picramide, DATR, FPR, Thermal Necamposition, 'TNT, NI, foxooetbolleesn oo
Diethyl Adipate, Radical Formation.

IS ABGTRACY 1Coniin cm o rnsarsn srde 1 ne o cmrn mod tdm tits e 07 & v o ter
The thermal decomposition of picramide and DATR wis monitore by ol ctrey
paranagnetic resonance. Hexamethylbenzene and diethyl avlipate wore el
hosts. Radicals were formed whose composition was similar to the paront
conpound minus NO Thermal decanposition stidics indicated an aceelerat; o,
of picramide and 1%;\1‘:% decamposition in TNT vs, T™NR. A qencral mathomat i)

model of thermal decamposition hased upon bindor complexation was Wvelyed,
(erer)

DD ‘('cz:s:” 1473 DNCLASKTIF I D

SEC RITY LAY FI AT A . P

81 4 22 011




UNCLASSIFIED

SECURITY CLASSIFICATION QF YIS PAGE(When Nara Fntered)

20.. ARSTRACT (Zont'd)

In this model, complexation led to radical formation, followed by terminatinn
an] polymerization steps. 1In addition, threc rjenaral schames of radical for-
mation were derived, and une of these confirned in preliminary aperiment s.

UNCLASSIVIED

SECUMTY CLASSIFICATION OF THIS BAGE/When Date Friered)







