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RESEARCH NOTE 

THERMAL BEHMIOR AND DETONATION PROPERTIES OF 
D3-HEXANITR(JTRISHOMOCUBANE 

R. U. Vellcky. 5. Iyer.. C. Campbell. 0. bndus. and J. Als te r  

U. S. Army Armament Research, Development 6 Engineering Center 
Picat inny Arsenal, New Jersey 07806-5000 

Alan P. Harchand.. 6. V. Madhava 3arma. and 6. S. Annapurna 

Department of Cheaistry. North Texas State h i v e r s i t y  
Denton. Texas 76203-5068 

Explosives Section. E & U Division, rn 

The D!€ t hemgram o f  the t i t l e  compound (1) reveals the fo l low ing  

character ist ics:  Uhen a 3.34 mg sample o f  I was heated a t  10 o C ~ l n - l ,  exothern 

onset occurred a t  272 OC, reached a maximum a t  308 OC. and subsided a t  331 OC. 

A second smaller exotherm was i n i t i a t e d  a t  331 OC. reached a taaxtmum a t  338 OC, 

and subsided a t  355 'C. A study o f  the shock sens i t i v i t y  o f  1 as ma tu red  by 

the exploding f o i l  slapper technique revealed tha t  1 I s  less shock-sensitive 

than TNT. 

powerful explosive than is TNT. 

Explosive output calculations show that it is a substantially more 

J o u r n a l  o f  E n e r g e t i c  M a t e r i a l s  v o l .  6 ,  145-152 ( 1 9 8 8 )  
T h i s  paper  i s  n o t  s u b j e c t  t o  U . S .  c o p y r i g h t .  
P u b l i s h e d  i n  1988  by Dowden, Brodrnan & D e v i n e ,  I n c .  
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I NTRO D UCT I0 N 

There i s  cons iderable cu r ren t  i n t e r e s t  i n  the  ~ y n t h e s i s l - ~  and thermal 

8 cha rac te r i za t i on  o t  p o l y n i t r o p o l y c y c l i c  "cage" molecules. Compounds o f  t h i s  

type, p a r t i c u l a r l y  those t h a t  are r e l a t i v e l y  h i g h l y  s t ra ined  end t h a t  conta in  

several M2 groups as subst i tuents .  are p red ic ted  on the  b a r i s  o f  

thermohydrodynamic considerat ions t o  comprise a new c lass  o f  h igh-densi ty  

energet ic  ma te r ia l s  .'*lo 

As p a r t  o f  a program involved w i t h  the  synthes is  o f  p o l y n i t r o p o l y c y c l i c  

Gage compounds, 4,4,7,7.1l91l-hexani t ropentacyc l  oC6 .3.0.02 *6 .03 * l o . O 5  "3- 

undecane ( " 0  hexanitrotrishomocubane". 1) has been synthesized recently." 3- 

1 

The f o l l o w i n g  values have been ca l cu la ted  f o r  1:12 dens i t y  = 1.84 g - ~ m - ~ ;  AHf = 

-36.44 kcal/mol; s t r a i n  energy = 44.6 kcal/mol; detonat ion pressure = 283.8 

Kbar; detonat ion v e l o c i t y  = 7.95 knlsec. We now r e p o r t  t he  r e s u l t s  of a study 

o f  the thermal behavior and detonation p roper t i es  o f  1. 

EXPERIMENTAL 

D i f f e r e n t i a l  scanning ca lo r ime t ry  data was obta ined by us ing a 

Perkin-Elmer DSC-4/TADS system equipped w i t h  a System 4 Microprocessor 

Con t ro l l e r .  The system was operated i n  the  heat ing mode a t  a s e n s i t i v i t y  o f  2 

mcal-s-' a t  f u l l - s c a l e  de f l ec t i on .  The hea t ing  r a t e  f o r  a l l  runs was 10 

'C-min-'. The sample o f  1 (3.34 mg) was contained i n  a h igh  pressure, go ld 
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p la ted  s ta in less s tee l  capsule capable o f  susta in ing an i n te rna l  pressure up t o  

150 bar (2.175 p r i g ) .  

The shock s e n s i t i v i t y  o f  1 was measured by using the  exploding f o i l  

slapper technique.13914 The apparatus used i n  t h i s  technique provides a 2 m i l  

mylar d i sc  t h a t  i s  d r i ven  by an aluminum plasma created by a p i l y i n g  12 kV 

across two electrodes which conta in  the  aluminum f o i l .  The mylar  d i sc  i s  

propel led through a ba r re l ;  when i t  impacts upon the  t a r g e t  (1). a prec ise 

l e v e l  o f  shock i n t e n s i t y  r e s u l t s  t h a t  i n i t i a t e s  the explos ive process. The 

ta rge t  i s  placed a t  the center o f  a confinement disc. A f t e r  detonation, the 

chamber i n  which the ta rge t  had been conf ined b e c m s  tapered, and a dent i s  

recorded i n  an aluminum witness p la te.  The i n i t i a l  and f i n a l  taper  diameters 

provide a measure of explos ive s e n s i t i v i t y .  

RESULTS AN0 DISCUSSION 

Thermal Behavior of 1. 

The DSC thermogram obtained f o r  a 3.34 mg sample o f  1 heated a t  10 

'C-cnin-' i s  shown i n  F igure 1 ( s o l i d  l i n e ) .  The onset o f  an exothermic reac t i on  

occurred when the  temperature reached 272 OC. The exotherm maximum occured a t  

308 OC, and the exothermic process ended when the  temperature reached 331 OC. A 

second smaller exotherm then set  i n  a t  331 OC, reached a maximum a t  338 OC, and 

subsided a t  355 OC. The dot ted l i n e  i n  F igu re  1 shows the  corresponding 0% 

curve obtained f o r  TNT t h a t  had been normalized by sample weight. 

Results o f  Bock S e n s i t i v i t y  Tests on 1. 

The shock s e n s i t i v i t y  data t h a t  were obtained f o r  1 are  s u n a r i z e d  i n  

Table 1 and re la ted  t o  a TNT reference: 
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- M w P cn P P 0 P 9 0 

I 

I 
I 
I 
I 
I 
I 

I""""'I""""'1'""'''lr.7711rlr11.1 

h)- I 

1 
I 

-1 

F I G U R E  2 

Plot o f  Relative Energy Delivery ( X )  vs. V / V o  for Comp 8. 1 and TNT. 

149 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TABLE 1 

Results o f  Shock P n s i t i v i t y  Tests f o r  1 and f o r  TNT.a 

Taper Diameter ( i n . )  Taper An l e  
Compound Sample Weiqht (mq) I n i t i a l  - F i n a l  (Degreesb 

TNT 36.4 0.153 0.165 3.9 

TNT 36.8 0.153 0.167 4.4 

TNT 37.1 0.154 0.167 4.1 

1 38.1 0.145 0.154 2.9 

a A constant s t imu la t i ng  vo l tage of 12 kV was employed. 

The taper angle i s  def ined as the  angle which t h e  i n c l i n e d  face o f  t he  taper  

makes with the v e r t i c a l .  

Inspect ion o f  the data i n  Table 1 reveals  t h a t  detonation o f  1 produces smaller 

i n i t i a l  and f i n a l  taper diameters than does detonat ion o f  TM when the  same 

st imulus i s  appl ied t o  e i t h e r  sample. This  r e s u l t  i nd i ca tes  t h a t  1 i s  l ess  

shock-sensit ive than i s  TM. In addi t ion,  detonat ion o f  1 a l s o  produces a 

smaller taper  angle than does detonat ion o f  TNT; hence, t he  propagation r a t e  i s  

slower i n  1 than i n  TNT. 

Since only  ca. 50 mg o f  1 was ava i l ab le  f o r  t es t i ng ,  maximum steady s ta te  

detonation condi t ions could no t  be achieved. Accordingly, no attempt was made 

t o  estimate explosion output. Nevertheless. i t  i s  i n s t r u c t i v e  t o  compare the  

ca lcu lated explos ive output  o f  1 t o  a standard explos ive (e.g.. TM). A p l o t  o f  

r e l a t i v e  energy d e l i v e r y  vs. V/Vo i s  shown i n  F igu re  2. Here, " r e l a t i v e  energy 

de l i ve ry "  i s  defined as t h e  percent energy d i f f e r e n c e  between the  i sen t rop i c  

expansion o f  t he  gaseous products o f  an explos ive and t h a t  o f  TNT. V/Vo i s  the 
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r a t i o  o f  the s p e c i f i c  volume o f  t he  gaseous products t o  t h a t  o f  the i n t a c t  

explosive. The p l o t  i n  F igure 2 i nd i ca tes  t h a t  t he  ca lcu lated energy output  o f  

1 i s  a t  most 5% below t h a t  o f  ”Comp 8”. (i.e.. an explos ive mixture composed of 

602 RDX and 40% TNT). It i s  evident from inspec t i on  o f  F igure 2 t h a t  both Comp 

B and 1 are subs tan t i a l l y  more powerful exp los ives than i s  TNT. 
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