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ANEWIGNITIONCRITERIONBASEDUPONACRITICAL 

THERMAL ENERGY DENSITY 
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S t a t e  Key Labora tory  of Nonlinear  Mechanics (LNM) , 

Institute of Mechanics, 

Chinese Academy of Sciences,  Be i j ing ,  100080 

B i a n  Taohua 

Yancheng School of A r c h i t e c t u r a l  Engineering, Yancheng, 224001 

ABSTRACT 

It has  long  been known t h a t  va r ious  i g n i t i o n  

c r i t e r i a  of e n e r g e t i c m a t e r i a l s  havebeen  l i m i t e d i n  

a p p l i c a b i l i t y  t o  smal l  reg ions .  I n  o r d e r  t o  exp lo re  

t h e  phys ica l  na tu re  of i g n i t i o n ,  w e  c a l c u l a t e d  how 

much thermal  energy p e r  u n i t  mass of e n e r g e t i c  

m a t e r i a l s  was absorbed under d i f f e r e n t  e x t e r n a l  

s t i m u l i .  Hence, d a t a  of s e v e r a l  t y p i c a l  s e n s i t i v i t y  

t es t s  were a n a l y z e d b y o r d e r  of magnitude e s t ima t ion .  

Thenanewconceptoncriticalthermalenergydensity 

was formulated.  Meanwhile, t h e  chemical na tu re  of 

i g n i t i o n  was probed i n t o  by chemical k i n e t i c s .  
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Finally, it was considered that perhaps the critical 

thermal e.nergy density was an important 

characteristic parameter for energetic material 

ignition. 

INTRODUCTION 

For several decades, many sensitivity tests have solved 

some issues on safety and reliability, but application ranges 

are strictly limited. In general, sensitivities are usually 

expressed by quantities of external stimuli, for example, the 

environmental temperature of one-dimensional time to explosion 

and explosion temperature tests [l-23, critical drop-height of 

impact and friction tests, critical thickness of gap tests, 

pressure and pulse width of shock ignition tests, energy and 

heat flux density of laser ignition tests 131. In fact, these 

ways are unable to reflect how much energy energetic materials 

absorb from external stimuli. Since energetic materials 

indicate different response to varied external stimuli, 

sensitivities are not characteristic parameters of ignition. 

They only show a kind of rough correspondence to external 

stimuli, therefore various sensitivities are s h o r t  of 

correlations [ 4 1 .  
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It was found by numerous tests that sensitivities of 

energetic materials not only depend upon the nature of the 

external stimuli, but also depend upon their physical 

properties (heat capacity and thermal conductivity), chemical 

properties (chemical structure and activation energy , charge 

conditions and so on. All of the above properties strongly 

influence energetic materials in absorbing energy and inducing 

chemical reaction. We analyze several typical sensitivity data 

from a new viewpoint of absorbing thermal energy. The main 

purpose of the analysis is to seek characteristic parameters 

that affect ignition, to probe ignition mechanisms, and to 

identify inherent relationships. 

ORDER OF M?iGNITUDE BSTIMATES 

Thermal, mechanical, shock, and laser stimuli are able to 

induce i g n i t i o n i n e n e r g e t i c m a t e r i a l s .  Despite these different 

stimulus forms, t h e i g n i t i o n m e c h a n i s m s m a y c o m e d o w n t o t h e r m a l  

action. In fact, the concept of a thermal ignition mechanism 

is well accepted. In this paper, we pay attention to how much 

t he rma lene rgyene rge t i cma te r i a l s  absorb fromexternalstimuli 

when they are ignited. This thermal energy is defined as the 

thermal energy absorbed per unit mass of energetic material. 

We give some typical examples (as follows) to estimate the order 

of magnitude of thermal energy densities for common energetic 
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materials, and explain some experimental phenomena. 

One-Dimensional Time to Explosive (ODTX) 

In the LLNL (Lawrence Livermore National Laboratory) ODTX 

test [I], 2.2g samples (12.7mm diameter sphere) are placed 

betweentwoprehea tedanvi l  faces (76.2mmdiameterx 50.8mmhigh) 

in which the temperature is T. The unit is sealed to confine 

the detonation product gases. The anvils are heated 

electrically; the temperature is controlled by thermocouple 

feedback. Times to explosion, t, are measured as a function of 

temperature. The heat capacities, c, of TNT (trinitrotoluene), 

RDX (1,3,5- trinitro-1,3,5-triazacyclohexane), Comp. B 

(Composition B) , are assumed as constants, here given in c= 1.51 

k J /  (kg-K) , 1.13 kJ/ (kg-K) , 1.25 k J /  (kg-K) [ 11 , respectively. All 
initial temperature of energetic materials is assumed as 

To=293K. The thermal energy density is written as 

e = c(T - G) = CAT 

The experimental data and results are listed in TABLE 1. 
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TABLE 1 

One-dimensional time to explosion 

Explosion Temperature 

In Ref [Z], a 20mg sample of explosive, loosely loaded in 

a NO. 8 blasting cap, is immersed for a short period in a Wood's 

metal bath. The temperature determined is that which produces 

explosion, ignition or decomposition of the sample in a few 

seconds, and the behavior of the samples is indicated by 

"Explodes" or "Ignites" o r  "Decomposes" placed beside the value. 

The explosion temperature is the lowest temperature for 

explosion, ignition, decomposition of energetic materials 

heated under the certain conditions. Thethermalenergydensity 

is written as 
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e = c(T-  T,)  = C A T .  

The experimental data are listed in TABLE 2 .  

TABLE 2 

Explosion temperature 

Thermal Ignition at High Pressure 

In Ref [5], a fixed quantity of electrical energy is 

discharged into a no. 479 platinum heater of R=lQ resistance 

and dp,=6.35x10-3cm diameter. The heater is located in the center 

of a 0.759 sample housed in a fixture that permits pressurized 

loading of the specimen. The test is performed by discharging 

a fixed quantity of electrical energy into the sample. The 

static pressure load is varied according to a 25-shot Bruceton 

"up and down" procedure. The explosive's 50% probability of an 

ignition response is obtained with respect to a specific 

combination of pressure and energy. This test is repeated at 
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several energy levels providing data that are used to determine 

The relative effectiveness of additives to desensitize RDX/TNT 

( 6 0 / 4 0 )  against hotspot ignition. A measurement of the energy 

delivered to the heater was obtained for each shot in the 

Bruceton series. 

The thermal energy delivered by the platinum heater is 

and the heating time is 

t = Q - - ~ 4 . 0 ~ 1 0 - ~ ~ .  R 
U 2  

The resistivity of platinum is p = 1 0 . 5 X l O - * h 1  [ 6 ] ,  and the 

length of platinum is 

The mass, density and diameter of sample are m,=7.5~1O-~kg, 

pB=1690kg/m3, D-1. 27xlO-*m, respectively. So the thickness of 

sample is 
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m 
d' 

P-- 

h = H -  -3.5~10-~rn. 

4 

The thermal conductivity and heating time of Comp. B are 

K=O. 26W/ (m.K) and t=4. OX l O - ' s ,  and the heated thickness of the 

sample is 

Therefore, the masses of sample ( 8 C h )  and platinum heated 
respectively are 

It is assumed that there is the same temperature between the 

platinum and heated Comp. B. The density and heat capacity of 

platinum are pp,=21.44g/cm3, cpt=0.138kJ/(kg,K) [61,  then the 

thermal energy absorbed in Comp. B is 
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c?” = M 3 = 0.03Q . 
‘BmB + ‘PtmPr 

The thermal energy density thereby is written as 

Capacitor Charge ( V l  90 
Thermal Energy (J) 0.0288 

Threshold Pressure (MPa) 126.6 
Heating Time (ps) 4.0 

Thermal energy density (kJ/g)  0.13 

The experimental data and results are listed in TABLE 3 .  

110 130 150  
0.0517 0.0690 0.0950 

96.6 83.0 71.0 
4 . 0  4.0 4.0 
0.23 0.31 0.42 

TABLE 3 

Thermal i g n i t i o n  w i t h  high  pressure 

Friction Ignition 

The experiment was designed to pressurize an explosive 

sample by the high pressure activator [ 7 ] .  The arrangement, 

designed to test explosive sliding against a steel surface, is 

shown in cross section in FIGURE 1 (a). A short cylinder of 

explosive was placed within a steel confinement cylinder. A 

polyethylene buffer plug was butted against each face of the 
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explosive sample, and then the transfer and velocity pistons 

were slide into place as shown. The purpose of the polyethylene 

buffer plugs was to prevent spurious ignition caused by steel 

on steel friction in the region adjacent tothe explosive sample. 

The radius and length of sample are R=6.35mm, L=12.7mmr 

respectively. The experiments have a relatively long duration 

of about one millisecond, a maximum velocity of about 80m/s. 

The experimental results, FIGURE 1 (b) and (c), show that the 

ignition threshold depends on both the pressure and velocity. 

FIGURE l (a)  

Test arrangement  f o r  e x p l o s i v e  sliding on steel [ 7 ]  
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b NO REACTION 
A REACliQN 

FIGURE l (b )  

D a t a  f o r  TNT s l iding against s teel  171 

0 m Q C  10 loo 
"I  c.M.l 

FIGURE 1 ( 0 )  

D a t a  f o r  Comp. B s l iding against s teel  [7] 

Open symbols indicate no reaction, and closed symbols 

indicated reaction. The solid curve represents the 

boundary between reaction and non-reaction. 

We analyze again t h e  experimental results as follows. Since 
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the pressure is farmore thanthe yieldstrengthof TNTandComp. 

B, the work done b y  frictional forces acting on a sliding 

explosive is 

W = j * vt /2 = 2zRL - P / 2  * vt/2 

mere P denotes the maximum pressure, v the maximum velocity 

of the piston, t the duration of pressure, p the friction 

coefficient. The average friction force and sliding velocity 

were derived from the half of maximum pressure and velocity of 

the piston. Within pressurization time t, the heated thickness 

in energetic materials and the steel cylinder are 

The ratio of thermal energy absorbed by energetic materials is 

a = cmAT/[cmAT + cFem,AT] 
= cASp/[cASp + cAS,,p,] 

= '/a + d c F e  PFeK Fe lCfi 1 

The thermal energy density is written as 
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We assumed: (A) p, p, c. K of the steel cylinder and energetic 

materials are constants, respectively; ( B )  Formostofthetests, 

the pressurization duration, t, of all the experiments were 

about the same, so f i  is regarded as a constant, namely t=l. Oms; 
(C) The dynamic friction coefficient between nylon and steel 

is 0.3-0.5, and 0.05-0.1 if the lubricant is added [ 81 , Because 

the melting points of TNT and Comp. B are lower, the surface 

of sample would have melted during it was pressurized, and the 

friction velocity in the tests is faster than the handbook [ 8 ] .  

So, the friction coefficient is obtained as p=0.06. Under the 

certain conditions, 

The thermal energy density is given by the following relation 

e = P . P v  (1) 

The experimental data and results are indicated in TABLE 4 .  

In FIGURE 1 (b) and (c) , the curves of Ref. [7] defined by 
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z = v' exp(P/& ) = cons tan t separate ignitions from 

non-ignitions. Moreover, the analysis supports the idea that 

ignition thresholds depend on both pressure and velocity and 

appeared to properly separate ignitions and non-ignition. In 

comparison with of the Ref [ 7 ] ,  the model is in good agreement 

with the experimental data. In sum, the model gives a concrete 

criterion, and its physics significance is clearer than Ref. 

[ 7 1 .  

TABLE 4 

a 

TNT 0.06 
Comp. B 0.05 

P V E 
(m/s) (kJ /g)  

P 
( (III*.S) /kg) (GPa) 
5.0 X 0.9 20 0.9 
4.0X10-5 0.8 22 0.7 

Shearing Ignition 

In Ref [ 7 ] ,  for explosive on explosive shear, the 

arrangement is shown in FIGURE 2 (a) . In this case, the explosive 
sample was clamped within steel sleeves and a plug was sheared 

out of its center. Endplates keptthe sleeves frommovingduring 

the experiment. The arrangement could be placed in the high 

pressure activator. The radius and length of sample are 

R=9.525mm, L=12.7mm, respectively. The experiments have a 

relatively long duration of about one millisecond, a maximum 

shearing velocity of about 80m/s. The experimental results are 
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shown in FIGURE 2 i b ) .  The conclusion indicated: (A) b o t n  

pressure and shear velocity have a strong effect on ignition; 

(B) the relation Y 2  eXp(P/P,) = COnSkU'lf appeared to properly 

separate ignitions and no ignitions in the tests; (C) the 

results of sliding and shearing tests are similar. 

Test arrangement f o r  explosive shearing [7 ]  

"I 

FIGURE 2(b) 

Summary curves f o r  shear ing  tests [ 7 ]  
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We analyze again the experimental results as follows. The 

dynamic friction coefficients of nylon on nylon are 0 .1 -0 .2  [8] 

if some lubricants exit between them. The pillow is polyethylene 

material, and the sample surface, considering the lower melting 

points of TNT and Comp. B, might have melted, hence the friction 

coefficient of polyethylene vs. TNT and Comp. B are obtained 

as p=O. 1. Since the maximum shear stress F is between pPA(O.1PA) 

and PA, we obtain F=0.5PAI where average shear stress and 

average velocity are taken to be half of their max. values. The 

shear work is 

The shear field thickness 6 is 0.lmm-lorn, so we get 6=lmm. The 

mass of shear field is 

m = A6p = 2& - L - S - p . 

Duringthe slidingprocess, the absorption depths in the sample 

and the pillow of polyethylene respectively are 
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The absorption coefficient of the sample is 

a = cmAT/[cmAT + c,m,AT] 
= cASp/[cASp +cpAS,p , ]  

= 1/P+ gc,p,K,7cPKl 

The thermal energy density is 

We assumed: (1) p, p. c, K are constants; (21 Since the sliding 

times in the tests were approximately consistent, the times may 

be regarded as a constant, namely t-l.0ms. Therefore, 

t is a constant under the experimental 
1 R 1 1  p = - . a  ._.-.-. 
8 L S p  

conditions. T h e t h e r m a l e n e r g y d e n s i t y i s  givenbythe following 

relation 

The experimental data and results are indicated in TABLE 5 .  
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Energetic a 
Mater ia Is 

TNT 0.50 
Comp. B 0.46 

The above relation may distinctly explain the three 

experimental results of Ref [ 7 ] :  (A) both pressure and shear 

velocity have a strong effect on ignition; ( B )  the relation (2) 

appeared to properly separate ignitions and non-ignitions. In 

comparison with the relation V 2  eXp(P/e) = COtlSttUlt , the 
relation e = PV indicates more valid; and (C) the two forms 

of relations (1) and (2) are the same, and their values of p, 
P, v come near, hence the two types of tests exited approximate 

results. 

P ( m 2 . s )  /kg P(GPa)  v(m/s) e(kJ/g) 

2.9x 10-5 0.7 40 0.8 
2.6 X 10+ 0.6  40  0.6 

Laser Igniting Pyrotechnic Mixture (PM) 

A 300W C02-laser (k=10.6pm) was used to heat a pyrotechnic 

mixture (PM) of MG and N a N 0 3  at various power levers and pulse 

widths [ 3 ] .  T h e G a u s s i a n i n t e n s i t y d i s t r i b u t i o n w a s t r a n s f o r m e d  

to a r e c t a n g u l a r t r a n s v e r s e i n t e n s i t y b y a b e a m i n t e g r a t o r .  This 

was imaged on the sample through a lens, and the irradiated area 

was measured by making an imprint in plexiglass. The area was 

about 3.0mm2, so the laser beam radius was 0.94mm. The 

specification related to the PM sample is shown in TABLE 6(a). 
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TABLE 6 (a) 

Spec i f i ca t ion  of the PM sample 

-~ 
NaNO,, sieved (<75p) ITherrnal conductivity 4.4W/ ( m K )  
Compacting pressure 150-160MPal 

Composition 58%Mg+42%NaNO, Isample size a1 o m x  2mm 
Grain size IDensity 1650kg/mJ ( 8 5 % )  

IMg, spec MIL-P-l40C7B(95%<45~) IHeat capacity l.OkJ/ ( k g K )  I 

In the delay time, the absorption depth in the sample is 

given as 

The heated field is displayed in FIGURE 3(a), and its volume 

is 

Ic v = - .s. { X ( R  + C 5 - y  + R2] + S2} . 
6 

Thermal energy density is written as 

e = Q / m  = Q/pV 

where Q is the thermal energy absorbed by the sample. The 

experimental data and estimation results are indicated in TABLE 

6 ( b ) .  Ref. [ 3 ]  regarded heat flux density and energy density 
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a s  c r i t e r i a .  Using these  c r i t e r i a ,  i t  i s  very d i f f i c = u l t  t o  f i n d  

an i g n i t i o n r u l e .  The r e s u l t s  a r e  shown inTABLE 6 ( b ) ,  and FIGURE 

3 ( b )  and (c). I f  c a l c u l a t e d  thermal energy d e n s i t i e s  a r e  

r e g a r d e d a s  a c r i t e r i o n ,  c h e y a r e a p p r o x i m a t e l y a  cons tan t .  This 

i s  shown i n  TABLE 6 (b) and FIGURE 3 ( d )  , 

TABLE 6(b) 

L a s e r  i g n i t i n g  PM 
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Laser 

( C )  (d) 

FICURE 3 

(a) Heated field of the sample, (b) Ignition heat flux 

density vs. pulse width, ( c )  Ignition energy density vs. 

pulse width, (d) Ignition thermal energy density vs. 

delay time 
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Laser Igniting RDX 

Ostmark(1994) , using a tunable 180W CW C02-laser (7c=9--llpn) , 
measured the threshold ignition energy of RDX [lo]. The radius 

of laser beam is R=0.9mmI and the tests were done under pressure 

30atm. The sample of mass is m=300mg, density 

p = l .  64g/cm’ (908TMD), size @lOmmx2.5mmI heat capacity 

c=1.13kJ/(kg.K), thermalconductivityK=0.2W/(mK). In order to 

better interpret the experimental data, he plotted ignition 

energy vs. absorption depth, but he did not give a distinct 

explanation of the fitted straight line (see F I G U R E  4 (a) ) . We 
analyze again these data as follows. 

Thermal energy density is 

e =  Q/p.{n/6.~7-[3(R+6)~ +3R2 +S2]). 

The ignition delay time is 

In spite of the fact that the absorption depths were different, 

the absorbed thermal energy densities are almost equal, see 

F I G U R E  4 (b) . Based on TABLE 7, absorption depth 6 ,  compared with 

the radius R of laser beam, may be neglected. Hence the heated 

fields are regard as the cylinders of radius R=O. 9mm and height 

326 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



6. T h e t h e r m a l e n e r g y d e n s i t y  is  g i v e n b y  t h e  following r e l a t i o n  

TABLE 7 

L a s e r  i g n i t i n g  RDX 

( a )  Threshold i g n i t i o n  energy vs. absorption depth 

f o r  RDX,  (b) Thermal energy dens i t y  vs. absorption 

depth f o r  RDX 
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The experimental data and estimation results are indicated 

in TABLE 7. Now we may explain distinctly the physics meaning 

of straight line in FIGURE 4(a). According tothe above relation, 

the slope of straight line indicates that the thermal energy 

density is a constant. 

Results 

Based on the above magnitude order analyses of thermal 

energy density and delay time for energetic material ignition, 

the results are plotted in FIGURE 5 .  Since experimental ways 

are difference, the figures can only account for the 

approximately trend. When energetic materials ignited, the 

shorter is the delay time, the absorbed thermal energy density 

gets more. Rather surprisingly, no matter how the external 

stimuli and delay times change over the wide range (10-6s-104s) , 
thethermalenergydensity approximatesto a constant. In light 

ofthe above estimation, t h e t h e r m a l e n e r g y d e n s i t y o f e n e r g e t i c  

materials absorbing exits a minimum value. When the absorbed 

thermal energy density is more than it, energetic material may 

be ignited. We define the critical thermal energy density as 

the minimum thermal energy density absorbed by energetic 

materials when ignited. 
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FIGURE 5 

Order of magnitude e s t ima tes  of thermal energy d e n s i t y  

vs. de lay  t i m e .  (1) One-Dimensional T i m e  to Explosive, 

(2 )  Explosion Temperature, ( 3 )  Thermal I g n i t i o n  wi th  

High Pressure,  (4) Fr ic t ion  I g n i t i o n ,  (5) Shearing 

I g n i t i o n ,  ( 6 ) L a s e r  I g n i t i n g  RDX. 
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DISCUSSION 

Comparison w i t h  the references 

Zames (1996) , to predict shock ignition thresholds, 

extended the critical energy criterion [ll]. In the original 

criterion, the critical energy (E,) was defined as the energy 

per unit area of the initial shock transferred into the 

explosive upon impact of a flyer plate. It is related to the 

shock parameters in the explosive by 

E, = PUT 

where p was shock pressure, u was particle velocity, and Z was 

shock duration. His criterion was written as 

where pO was the ambient material density, w the shock 

velocity. In reality, Zc is the absorbed energy per unit mass 

of the initial shock transferred into the explosive upon impact 

of a flyer plate, namely it can be seen that zc is a formulation 
of the critical thermal energy density under shock ignition 

conditions. The criterion, c,, can be successfully appliedto 
homogeneous explosives, e. g., c, of molten TNT and 
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nitromethane were 2.1M2/kg and 2.5MJ/kg. From an order of 

magnitude point of view, the two values come close to the 

estimation results of cricical thermal energy densities. But 

for the heterogeneous explosives, their values of c, are 

smalierthanthe c r i t i c a i t h e r m a l e n e r g y d e n s i t i e s  in the paper. 

Here, we may give an explanation. For homogeneous explosives, 

under shock ignition conditions, the shock-induced unitary 

material was heated. For heterogeneous explosives, the 

shock-induced material was heated locally, then there exist 

some local higher temperature regions, namely so-called hot 

spots. In Ref 1111, the behavior was still analogous to that 

for homogeneous explosives in that the total absorbed thermal 

energy was divided by the shocked-induced mass. If Ref [ll] had 

considered the local effects, the values of c, would also 
approximate to the critical thermal energy densities. 

Tarzhanov et a1 (1996) were interested in the light 

absorption by PETN crystals when they researched on laser 

initiation [12]. The energydensityestimated in the initiation 

spot equaled 1.16kJ/g. It can be shown that the datum is also 

consistent with the estimation data of the critical thermal 

energy densities. 
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Bond Energy 

From another point of view, because the basic cause of 

ignition is rupture of atomic’links in molecules of energetic 

materials, the stability of atomic groups in energetic 

materials remarkably affects their sensitivities. The 

energetic materials e. g. TNT (C7HSN306), RDX (C3H6N606) , 
H a Y  (C4H8NS08) and the composition energetic materials made up 

of them are constituted by the elements of C, H I  0, N. The 

molecules include weak bonds (bond energy -5Okcal/mol) and 

strong bonds (bond energy -100kcal/mol). The values of bond 

energies and critical thermal energy densities are near. They 

are shown in TABLE 8. 

Bond Bond energy 
(kcal/mol) 

C-N 54 
N-N 27 
0-N 61 
c-0 75 
c-c 63 
0-0 35  

TAaLE 8 

Common bond energy of energetic materials [ S ]  

Bond Bond energy Bond Bond energy 
(kcalhol) (kcal/mol) 

C-H 86 0-N 108 
N-H 83 c=c 101 
H-H 103 0-0 117 
0-H 110 c=o 150 
C=N 84  C-NO2 240 
N=N 80 N-NO, 231 

It is known from the ODTX and explosion temperature tests 

that the temperature rise onlyis below500C. Inthe two thermal 

decomposition tests [1,2], the estimated values of critical 

thermal energy densities are close to weak bond energies of 

energetic material molecules because the unstable atomic links 

are cut. In strong stimuli, e. g. detonation, the temperatures 
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rise above 1 0 O O r  and pressures of several tens of GPas are 

produced in their chemical action zone, then all the weak and 

strong bonds are ruptured, consequently the estimated values 

of critical thermal energy densities approach strong bond 

energies. 

I TNT RDX HMX 
E (kcal/mol) 3 4 . 4  47.1 52.7 
E (kJ/g) 0.63 0 .89  0.74 
e (kJ/g) 0.28-1 .2  0 .18-2 .0  0.3-2.0 

e (kcal/mol) 15.2-65 .2  9.6-106.2 21.2-141.7 

Activation Energy 

Comp. B 
43.1 
0.80  

0.19-1.9 
10 .2-101.8  

The activation energy is one of the most important 

parameters on scaling reactive ability, therefore it is also 

taken forthe i g n i t i o n e n e r g y t h r e s h o l d o f  energeticmaterials. 

Activation energies (E) and estimatedthermal energy densities 

(e) are listed in TABLE 9. In order to compare, E and e are 

expressed with two units (kcal/mol and kJ/g). 

TABLE 9 

A c t i v a t i o n  e n e r g i e s  and critical thermal e n e r g y  d e n s i t i e s  

During the thermal decomposition of simpler gas phase 

nitryl compounds, the bonds of C-N, N-N, 0-N, et all rupture 

first. But for condensed energetic materials especially solid 

phase, the closer proximity of the molecules causes increased 
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intermolecular interactions, and the chemical reactions can 

become much more complicated. Although the primary product is 

still NO?, owing to effects of the molecule bonds, geometry and 

local chemical characters of condensed energetic materials, it 

is impossible that the primary values of activation energy is 

close to their relevant ones of C-N, N-N, 0-N et al. In fact, 

activation energies are generally measured experimentally. The 

activation energy for explosives commonly range from 

30.0kcal/mol to 60.0kcal/mol. Generally speaking, the smaller 

the activation energy the greater the sensitivity. So, 

activation energy may be regard as a standard for scaling 

sensitivity. It must be pointed out that not all energetic 

materials, due to various elements influencing the behavior, 

abide by the rule. 

The thermal energy densities of energetic materials 

estimated above are of the same order of magnitude as atomic 

bond energies and activation energies. This is consistent with 

the idea that, in order to induce chemical reactions, energetic 

materials must absorb an adequate quantity of energy from 

outside to destroy atomic bonds or activate their molecules. 

The energy threshold may be expressed by a critical thermal 

energy density. By this token, the critical thermal energy 

density can be regarded as an ignition criterion. For any 

sensitivity tests of energetic materials, when the thermal 

, 
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energy d e n s i t y  absorbed exceeds t h e  th re sho ld ,  chernicai 

r e a c t i o n  is l i k e l y  t o  t a k e  p l ace .  The c r i t i c a l  t h e r n a l  energy 

d e n s i t y m a y b e t a k e n  foracharacteristicparameterofenergetic 

m a t e r i a l  i g n i t i o n .  I f  t h e  e s t ima t ion  i s  c o r r e c t ,  t h e  c r i t i ca l  

thermal  energy d e n s i t y w i l l b e c o m e  an important  c h a r a c t e r i s t i c  

parameter  f o r  s c a l i n g  var ious  s e n s i t i v i t i e s .  It  then  becomes 

p o s s i b l e  t o  rank t h e  s e n s i t i v i t i e s  of e n e r g e t i c m a t e r i a l s  under 

var ious  s t i m u l i .  

CONCLUS IONS 

I n  summary, t h e  c r i t i c a l  thermal  d e n s i t y  can be cons idered  

as a t r i g g e r  energy  f o r  e n e r g e t i c  m a t e r i a l s  i g n i t i o n ,  and i t  

maybe r e g a r d e d a s  a n i g n i t i o n c r i t e r i o n .  I t  is  a c h a r a c t e r i s t i c  

parameter  t h a t  can r e f l e c t  t h e  i g n i t i o n  a b i l i t y  of e n e r g e t i c  

m a t e r i a l s .  From phys ica l  na tu re ,  i t  is  t h e  minimum i g n i t i o n  

thermal  energy d e n s i t y  absorbed by e n e r g e t i c  m a t e r i a l s  

a c t i v a t e d ;  from chemis t ry  na ture ,  it is  t h e  minimum thermal  

energy caus ing  chemical bond r u p t u r e  o r  molecule a c t i v a t i o n .  

Fromamacroscopic  po in t  of view, i g n i t i o n m a i n l y r e s t s  wi th  

thermal  energy absorbed from va r ious  s t imulus  forms. It i s  

u s u a l l y a f f e c t e d b y  fo l lowingelements :  i n i t i a l  temperature  and 

p res su re ,  chemical exothermic r e a c t i o n  and t r a n s p o r t ,  

c h a r a c t e r i s t i c  geometr ica l  s c a l e  and t i m e .  
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If critical thermal energy densities of various energetic 

materials can be measured, they provide a quantitative single 

valued parameter that describes the sensitivity of energetic 

materials, and we may rank their sensitivities. However, it is 

noted that generally measuring the thermal energy density 

absorbed from energetic materials is very difficult. 
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