
1 

UNDERSTANDING AND PREDICTING THE THERMAL EXPLOSION 
VIOLENCE OF HMX-BASED AND RDX-BASED EXPLOSIVES –  

EXPERIMENTAL MEASUREMENTS OF MATERIAL PROPERTIES 
AND REACTION VIOLENCE  

 

Jon L. Maienschein, J.F. Wardell, R.K. Weese, B.J. Cunningham, Tri D. Tran 
Lawrence Livermore National Laboratory 

P.O. Box 808, L-282 
Livermore, CA   94550 

 
The violence of thermal explosions with energetic materials is affected by many material properties, in-
cluding mechanical and thermal properties, thermal ignition kinetics, and deflagration behavior. These 
properties must be characterized for pristine and thermally-damaged materials. We present available 
data for these properties for two HMX-based formulations – LX-04 and PBX-9501, and two RDX-based 
formulations – Composition B and PBXN-109. We draw upon separately-published data on the thermal 
explosion violence with these materials to compare the material properties with the observed violence. 
We have the most extensive data on deflagration behavior of these four formulations, and we discuss the 
correlation of the deflagration data with the violence results. The data reported here may also be used to 
develop models for application in simulation codes such as ALE3D to calculate and predict thermal ex-
plosion violence.

INTRODUCTION 
Energetic materials will, when subjected to high tem-

peratures for a sufficiently-long time, virtually always ex-
plode. However, the hazard posed by energetic materials at 
high temperatures depends greatly on the violence of the 
eventual thermal explosion, which is governed by complex 
interactions between many material properties. To under-
stand and develop a predictive capability of thermal explo-
sion violence, we must develop an understanding of these 
properties and how they impact the eventual reaction. In 
this paper, we present data on several relevant properties 
for HMX- and RDX-based explosives and compare and 
contrast the property values with the thermal explosion vio-
lence as reported in a companion paper.1 

The material property data reported here may also be 
used to develop material and reaction models for the ener-
getic materials, which may be used in modern simulation 
codes such as ALE3D to predict the violence of thermal 
explosion.2 The application of these models and codes to 
experiments which quantify thermal explosion violence is 
leading to the development of the desired predictive capa-
bility for thermal explosion violence. 

OVERVIEW OF THERMAL EXPLOSION 
When an energetic material is heated, several proc-

esses may occur. First, it will thermally expand. Second, it 
may soften as a thermoplastic or may stiffen through cross-
linking, depending on the nature of the binder; indeed, the 
binder may melt at fairly low temperature. Depending on 
the configuration of the energetic material and its contain-
ment, the energetic material may expand to fill any initial 
void volume and may extrude out of the containment. At 

some temperature, exothermic decomposition will begin 
with possible formation of porosity and additional surface 
area in the energetic material. Eventually ignition will oc-
cur at the point where heat dissipation by thermal diffusion 
is overtaken by the exothermic reaction. Following igni-
tion, deflagration of the heated energetic material leads to 
increased temperature and pressure; if the surface area 
available to the propagating flame is increased by earlier 
thermally-driven processes, the deflagration may be very 
rapid. The reaction accelerates in violence until the mate-
rial is consumed, containment is breached, or transition to 
another reaction regime such as detonation occurs.  

The violence of thermal explosion is determined to a 
high degree by the balance between heat release from exo-
thermic deflagration reactions and heat dissipation by 
thermal diffusion. We characterize these mechanisms 
through measurements of the deflagration rate (i.e., rate of 
heat release) of pristine and thermally-degraded energetic 
materials at high temperatures and pressures, and meas-
urement of the thermal properties such as thermal conduc-
tivity (i.e. heat dissipation) and specific heat. We also 
measure mechanical properties at high temperatures to de-
termine their change with temperature, and measure ther-
mal decomposition kinetics to allow prediction of the time 
to ignition for different configurations of each energetic 
material.  

ENERGETIC MATERIAL COMPOSITION 
In this paper we focus on HMX-and RDX-based ener-

getic materials; to allow comparison of properties and their 
effect on thermal explosion violence, we will consider two 
formulations of each. The HMX formulations are: 
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LX-04 – 85 wt% HMX, 15 wt% Viton A; 

PBX-9501 – 95 wt% HMX, 2.5 wt% Estane, 2.5 wt% 
BDNPA/F. 

LX-04 has a high binder content (15%), and the binder is 
virtually inert chemically. PBX-9501 in contrast has low 
binder content (2.5%) which is somewhat reactive chemi-
cally and which is highly plasticized with an energetic 
plasticizer.  

The RDX formulations are: 

Composition B – 63 wt% RDX, 36 wt% TNT, 1 wt% wax; 

PBXN-109 – 65% RDX, 21% Al, 7 wt% HTPB (hydroxy-
terminated polybutadiene), 7 wt% DOA (di-octyl adi-
pate). 

The TNT in Composition B may be considered an ener-
getic and low-melting binder. The HTPB binder in PBXN-
109 is highly plasticized and is fairly stable chemically. 

MATERIAL PROPERTY MEASUREMENT AND 
INTERPRETATION 

MECHANICAL PROPERTIES 
Mechanical properties such as the stress/ strain/ strain 

rate and ultimate strength, both in compression and in ten-
sion, will change as the energetic material is heated. These 
properties are affected both by the energetic component 
and by the binder present; tensile properties are governed 
mostly by the binder. Some binders exhibit thermoplastic 
behavior and simply soften as they are heated – an example 
is shown for LX-04 in Figure 1, where the ultimate com-
pressive stress  
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FIGURE 1. ULTIMATE COMPRESSIVE STRESS IN 

LX-04 AS A FUNCTION OF TEMPERATURE AND 
STRAIN RATE. 

(stress at failure) is shown as a function of strain rate and 
temperature. These data were measured with a hydraulic-
drive mechanical test machine for all but the highest rates, 
which were measured with a split pressure Hopkinson bar; 
additional details are available.3 The data form a family of 
parallel curves, allowing extrapolation of the limited results 
at high temperature. At 150°C, the ultimate stress at low 
strain rates is reduced to 100 psi from the room-temperature 
value of 1400 psi; the ultimate stress at 175°C is lower still. 
This low ultimate stress shows that the LX-04 will flow 
readily when heated, and will transmit any internal forces 
generated by pressurization from decomposition gases di-
rectly to the external confinement. From the data in Figure 1 
and related stress/ strain data, temperature aware constitutive 
models can be developed for use in simulation codes such as 
ALE3D.  

We have observed softening of the HTPB binder in PBXN-
109 upon heating similar to that in LX-04; however, subse-
quent stiffening of the HTPB binder in PBXN-109 has been 
observed after prolonged heating. This is presumably the re-
sult of thermally-driven cross-linking. We do not now have 
quantitative mechanical property data on heated PBXN-109, 
but clearly such measurements are needed to quantify the 
extent of stiffening as a function of temperature and time 
and to provide data for constitutive model development. An 
extreme example of mechanical property change is given by 
Composition B, which loses all mechanical strength and es-
sentially acts as a bed of solid powder in a liquid after the 
TNT melts at 80°C. 

THERMAL PROPERTIES 
The balance between energy production from decom-

position and energy loss by thermal diffusion is strongly 
affected by the thermal properties of the energetic materials 
as they are heated. Such properties have been characterized 
at room temperature, but we also need to know how they 
change at elevated temperature. We have made measure-
ments of these properties for pure HMX and RDX, and 
measurements are underway for the formulations. Data for 
the pure components are shown in Figures 2 and 3 for rela-
tive thermal conductivity and relative specific heat of 
HMX and RDX, normalized to the values at room tempera-
ture. These were measured using a TA instruments Model 
2920 Modulated Differential Scanning Calorimeter. HMX 
and RDX powder samples were pressed to about 95% of 
theoretical maximum density, with sample masses of 15-20 
and 250 mg. Details of the measurements are given by 
Weese.4 The absolute accuracy of these measurements is 
limited to perhaps 20-30% due to inherent limitations in the 
technique, but measurements over a range of temperatures 
with the same sample should provide results that can be 
compared among themselves with a high degree of accu-
racy. The data in Figures 2 and 3 are therefore normalized 
to the room-temperature values.  



 

3 

1.2

1.0

0.8

0.6

0.4

0.2

re
la

tiv
e 

th
er

m
al

 c
on

du
ct

iv
ity

450400350300250

temperature, K

HMX

RDX

FIGURE 2. RELATIVE CHANGE IN THERMAL 
CONDUCTIVITY OF HMX AND RDX WITH 
TEMPERATURE, NORMALIZED TO AMBIENT 
TEMPERATURE VALUE 

In Figure 2 we see that the thermal conductivity of 
pure HMX and RDX decreases by 80% when heated about 
150°C above room temperature. If this same behavior holds 
for the formulations of interest, this indicates that the heat 
dissipation through thermal diffusion away from the initial 
location of thermal decomposition is greatly reduced com-
pared to what would be expected from room-temperature 
conductivity data. In Figure 3 we see that the specific heat 
for pure HMX and RDX at con- 
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stant pressure increases by 25-30% over a similar tempera-
ture range; this indicates that the temperature increase is 
reduced for a given extent of reaction compared to that ex-
pected from room-temperature specific heat data. The ef-
fects of change of thermal conductivity and specific heat 
with temperature have a compensating effect on the onset 
of runaway reaction, inasmuch as the reduced thermal con-
ductivity would speed up the onset of self-heating to run-
away while the increased specific heat would slow down 
the self-heating onset. This illustrates the necessity for ac-
curate measurements of thermal properties as a function of 
temperature, so that they may be correctly incorporated 
into models and simulation codes such as ALE3D.  

THERMAL IGNITION KINETICS 
The kinetics of thermal ignition must be measured in 

order to predict the time to explosion for a specified tem-
perature history. One such measurement is the One Dimen-
sional Time to Explosion test, or ODTX.5 In this test, 12.7 
mm diameter spheres of the energetic material are placed in 
an spherical aluminum containment that is preheated to the 
test temperature, and the time to explosion is measured. 
From the time – temperature data, we can develop and pa-
rameterize kinetic mechanisms that reproduce the measured 
time – temperature data, and can then apply the kinetic pa-
rameters to evaluate other time-temperature regimes. 

Data for the formulations under study are shown in 
Figure 4. With the HMX formulations, we see that LX-04, 
with its higher and unreactive binder content, takes longer 
to explode than PBX-9501, with its lower binder content 
and energetic plasticizer. For the RDX formula- 



 

4 

100

101

102

103

104

105

tim
e 

to
 e

xp
lo

si
on

, s
ec

2.32.22.12.01.91.81.7
1000/T, s-1

TNT

LX-04

PBX-9501

Comp B

RDX
PBXN-109

FIGURE 4. ODTX DATA FOR SEVERAL HMX AND 
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tions, the Composition B data fall very close to the data for 
pure RDX and well away from the data for pure TNT. The 
more thermally-sensitive RDX apparently dominates igni-
tion kinetics. PBXN-109 is significantly less reactive than 
RDX or Composition B, but still more reactive than the 
HMX formulations or TNT. This is due to its more stable 
HTPB binder and high content of aluminum that does not 
contribute to thermal decomposition reactions. For HMX 
and RDX formulations, we see that formulation details 
have a significant effect on thermal ignition. 

DEFLAGRATION AT HIGH PRESSURES AND 
TEMPERATURES 

Deflagration following thermal ignition provides the 
rapid energy release that drives the eventual thermal explo-
sion. Therefore, the deflagration behavior of the energetic 
material plays a major role in the overall reaction accelera-
tion and violence. In a thermal explosion the bulk of the 
energetic material has already been heated to a high tem-
perature, and so the effect of thermal damage to the ener-
getic material during heating must be considered. 

We measure the deflagration behavior of energetic 
materials in a hybrid strand burner. Details of the apparatus 
and technique were reported at the previous Detonation 
Symposium.6 Briefly, we monitor the progression of a burn 
front along a cylindrical sample with 9 or 10 embedded 
break wires while measuring the pressure in the closed 
bomb. From distance-time and pressure-time data, we cal-
culate the deflagration rate as a function of pressure.  

HMX-BASED EXPLOSIVES 
Deflagration rates for LX-04 and PBX-9501 were re-

ported previously.6 LX-04 at ambient temperature burned 
with a first order dependence on pressure up to the highest 
measured pressures of 500 MPa. PBX-9501, on the other 
hand, showed the onset of physical deconsolidation and 
rapid and erratic deflagration above pressures of ~ 150 
MPa, with an increase in deflagration rate of over 100-fold 
as measured by the embedded wires. We also reported de-
flagration rates for LX-04 held at 180°C for 22 hours, to 
drive the solid-state phase transition from β to δ.7-9 The de-
flagration rate for LX-04 under these conditions was very 
high, over 100-fold more rapid than the ambient tempera-
ture LX-04. For both PBX-9501 at ambient temperature 
and LX-04 at very high temperatures, the apparent very 
high deflagration rates appear to be the result of formation 
of very high surface area in the sample, rather than a 
chemical change in the deflagration process. For LX-04 the 
surface area increased as a result of the phase change, 
while for PBX-9501 the surface area increased from physi-
cal deconsolidation. 

We recently analyzed the pressure-time data from 
these experiments to estimate the increase in surface area. 
Typical data are shown in Figure 5 for LX-04 and PBX-
9501 at ambient temperature and for LX-04 held at 1808C 
for 22 hours. The rapid deflagration reported in our previ-
ous paper is reflected in these data as well.  
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The vivacity of the deflagration is defined as: 

 
Vivacity =

1
P
×

dP
dt

   (1). 

For deflagration with first-order pressure dependence, the 
vivacity is proportional to the surface area involved in the 
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deflagration, so the ratio of vivacity of damaged energetic 
materials to the vivacity of the pristine material gives an 
estimate of the increase in surface area. The vivacities 
calculated from the data in Figure 5 are shown in Figure 6. 
The PBX-9501 vivacity (above 150 MPa, where decon-
solidation begins) is much higher than that of LX-04, while 
the heated LX-04 shows extremely high vivacity. As 
shown in the previous paper, the deflagration rate of PBX-
9501 is very similar to that of LX-04 at pressures below 
that where deconsolidation begins, 6 so the vivacity of am-
bient temperature LX-04 may be used for the vivacity of 
“undeconsolidated” PBX-9501 at these pressures. From the 
vivacity data in Figure 6, we estimate an increase in sur-
face area from deconsolidation of PBX-9501 of 6-10-fold, 
and an increase in surface area for heated LX-04 of 20-50-
fold. These increases are somewhat lower than the in-
creases calculated from the embedded wire data, which 
were over 100-fold in both cases. This is reasonable, since 
the wire data indicates the first arrival of the flame front at 
any point along the embedded wire; if the flame is propa-
gating 
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FIGURE 6. VIVACITY DATA FOR TWO HMX 
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through porosity in the sample, the flame front may pro-
ceed rapidly through the sample leaving behind some mate-
rial that burns after the flame has passed. We can distin-
guish this behavior in our measurements – the embedded 
wire data may be erratic due to the stochastic nature of 
physical deconsolidation or porosity formation, and the 
pressure continues to rise after the embedded wires all re-
port. We observed this behavior with PBX-9501 and heated 
LX-04. 

RDX-BASED EXPLOSIVES 
Pressure-time data for three runs with Composition B 

are shown in Figure 7. In both the pressure data and em-
bedded wire data, we see that the samples deflagrated fairly 
slowly for the first 1/4 to 1/3 of the sample, with decon-
solidation and rapid deflagration ensuing thereafter. This 
behavior is seen in Figure 8, which shows the deflagration 
rates calculated from the embedded wires for many runs. 
Pressed and cast samples showed consistent behavior. The 
results for the slow-burning portion of each run fall on the 
line drawn in Figure 8, showing a 2nd order pressure de-
pendence on the deflagration of Composition B before the 
onset of deconsolidation. This is an unusually high pressure 
dependence of the deflagration rate. Following deconsoli-
dation, the deflagration rates shown in Figure 8 become 
very rapid and erratic, as with PBX-9501 and heated LX-
04. Unlike PBX-9501, where deconsolidative deflagration 
showed a pressure threshold, Composition B exhibits con-
sistent deconsolidative behavior across all starting pres-
sures, with 1/4 to 1/3 of the sample burning slowly before 
the onset of deconsolidation. This may indicate a time-
dependent deconsolidation which is controlled by the  
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time required for the TNT to melt following ignition and 
heating of the gases surrounding the solid. 

Vivacities calculated from the pressure-time data are 
shown for four runs in Figure 9, at initial pressures of 10 
and 50 MPa. With the 2nd order pressure dependence of the 
deflagration rate, surface area during deflagration is pro-
portional to the vivacity divided by the 
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pressure. Comparing the early-time to late time vivacity for 
each run in Figure 9 (and dividing by pressure) results in an 
estimated 10-fold increase in surface area from deconsoli-
dation during deflagration at 10-50 MPa and a 3-fold in-
crease at 50-200 MPa. 

To test the hypothesis that melting of TNT leads to 
deconsolidative burning in Composition B, we ran several 
test with Composition B held in a tube and preheated to 
100°C before ignition. The deflagration rate results, shown 

in Figure 10, exhibit a rapid deflagration with a very low 
pressure dependence below 200 MPa. Above 200 MPa the 
deflagration behavior appears to be consistent with the am-
bient temperature results . This is 
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reasonable, inasmuch as the increased pressure appears suf-
ficient to resolidify the TNT, as estimated from the Clau-
sius-Clapeyron Equation and approximate material proper-
ties.10, 11 Therefore, above 200 MPa the deflagration is oc-
curring in solid Composition B. We do not completely un-
derstand the behavior with molten Composition B. Gas-
phase reactions controlling the rate lead to pressure de-
pendence of reaction rates, so the low pressure dependence 
may indicate that a non-gas-phase reaction step controls the 
rate, such as convective mixing of the molten TNT and the 
solid RDX. 

PBXN-109, the other RDX-based explosive, shows 
very well-behaved deflagration over the entire pressure 
range (see Figure 11). No deconsolidative burning is ob-
served with PBXN-109 at ambient temperature. There is a 
slope break in the deflagration at about 135 MPa, as shown 
in Figure 11. 
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When heated, PBXN-109 exhibits unusual behavior – 
rapid initial deflagration followed by a decrease in defla-
gration rate to ambient temperature rates. This is shown in 
Figure 12 for several runs, with the deflagration rates cal-
culated from the embedded wires. The same behavior is 
seen in the pressure-time data in Figure 13. The embedded 
wires report throughout the entire rise in pressure (the last 
wire did not report in the high-temperature run in Figure 
13), so the deflagration was not deconsolidative in nature. 
One conjecture is that thermal damage leads to porosity in 
the heated sample, but the sample remains soft enough and 
the pores are sufficiently closed that the pressurization fol-
lowing ignition gradually compresses and closes the pores 
as the burn progresses, reducing the increased surface area 
and returning the deflagration rate to that of the non-porous 
material. This remains a speculative interpretation at this 
time.  
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This interpretation is consistent with the increase in surface 
area as estimated from vivacity data, shown in Figure 14. 
From the ratio of vivacities, the initial increase in surface 
area is about 10-fold, but the vivacity in the heated sample 
eventually becomes the same as that of the ambient-
temperature sample.  

One observation from the deflagration rate data in 
Figure 12 is that the samples heated more rapidly (6°C/hr) 
consistently showed a higher initial deflagration rate than 
samples heated more slowly (3°C/hr), regardless of the fi-
nal temperature in the range 165-185°C. The samples 
heated more slowly had a longer du  
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DEFLAGRATION OF PBXN-109 AT AMBIENT AND 
ELEVATED TEMPERATURES 
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ration at high temperatures, so this result is unexpected. We 
also note that there is considerable run-to-run variation 
with thermally-damaged samples, as shown by the data in 
Figure 12. This variation may be due to non-reproducible 
details in thermal treatments, or due to sample-to-sample 
variations, or other uncontrolled effects. Regardless of the 
run-to-run variations, the runs show consistent overall be-
havior within each set defined by thermal ramp rate. 

THERMAL EXPLOSION VIOLENCE – 
MEASUREMENTS AND  COMPARISONS 

We have measured the violence of thermal explosions 
of the energetic materials of interest here using the Scaled 
Thermal Explosion Experiment.1 In this experiment, we 
subject a cylindrical sample of energetic material in well-
defined steel confinement to a well-controlled external 
thermal profile, and quantify the violence of the ensuing 
thermal explosion through wall velocity of the steel con-
finement plus other measurements. The degree of confine-
ment is varied by changing the wall thickness of the steel 
confinement. We record extensive external and internal 
temperature data and hoop and axial wall strain data during 
the heat up and explosion, along with high speed video re-
cording and post-mortem analysis of fragments. The ex-
periment is designed to provide well-defined boundary 
conditions, so that the data are amenable to analysis 
through modeling with simulation codes such as ALE3D. 
All experiments run thus far have used samples 50 mm in 
diameter and 200 mm in length, with very slow heating 
rates of 1-3°C/hr to ensure the runaway reaction ignites 

near the center of the sample. Many experiments have been 
replicated to study the reproducibility of the results. Ex-
perimental details are described by Wardell et al in a com-
panion paper.1  

The detailed experimental results are presented in the 
companion paper and will not be repeated here. To summa-
rize the observations: 

With HMX-based explosives, PBX-9501 reacts at a 
lower external temperature and with a higher degree of vio-
lence than LX-04. The phase change in HMX is readily 
seen in the internal temperature data. The phase change of 
HMX appears quite significant, particularly in PBX-9501, 
with β-phase HMX giving near-detonative response with 
high confinement while the explosion with δ-phase HMX 
is much less violent. In all cases except β-phase PBX-9501, 
the explosion violence increased with stronger confine-
ment, but was a small fraction of that of a detonation. 

With RDX-based explosives, PBXN-109 gives a very 
mild thermal explosion. In contrast, thermal explosions 
with Composition B were quite violent, with many experi-
ments giving explosion violence approaching that of a 
detonation.   

QUALITATIVE INSIGHTS INTO THERMAL 
EXPLOSION VIOLENCE 

We have presented material property data and thermal 
explosion violence results for two HMX formulations and 
two RDX formulations. Within each family of energetic 
materials, the thermal explosion behavior is quite different 
both with respect to temperature at which explosion occurs 
and the violence of the resulting explosion. Clearly the 
formulation details are critical to the thermal explosion 
process. Here we draw conclusions with respect to the for-
mulation details and their effect on material properties and 
thermal explosion behavior. Additional insights are being 
developed through the development of models and analysis 
of experimental results using simulation codes such as 
ALE3D, as reported by Nichols.2 

THERMAL IGNITION KINETICS 
Thermal ignition kinetics, as determined from ODTX 

measurements, clearly govern at what temperature each en-
ergetic material reacts for a specific time-temperature pro-
file. Formulation details are significant – for the two HMX-
based explosives, the combination of higher HMX content 
and reactive plasticizer causes PBX-9501 to react at a 
lower temperature than LX-04. Similarly, for RDX-based 
explosives, the largely unreactive components of PBXN-
109 (HTPB binder and aluminum) cause it to react at a 
higher temperature than Composition B, which has a reac-
tive (albeit much less reactive that RDX, as seen in pure-
component ODTX data) TNT binder. Application of igni-
tion kinetics developed for one energetic material to esti-
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mations with a second formulation is unlikely to be suc-
cessful, unless the formulations are very similar. 

For the energetic materials evaluated here, the less-
reactive HMX- and RDX-based formulations (LX-04, 
PBXN-109) showed lower thermal explosion violence than 
their more reactive counterparts (PBX-9501, Composition 
B). As discussed below, this is thought to be largely due to 
differences in deflagration behavior, and is perhaps to a 
lesser extent due to ignition kinetics. 

DEFLAGRATION BEHAVIOR 
Immediately after ignition, the energetic material un-

dergoes deflagration as the thermal explosion builds up – 
therefore anything that leads to an increase in deflagration 
rate should lead to an increase in thermal explosion vio-
lence. For HMX-based explosives, PBX-9501 undergoes 
deconsolidative burning whereas LX-04 does not, and this 
is reflected in the greater thermal explosion violence with 
PBX-9501. As discussed in the our earlier paper, the de-
consolidative nature of PBX-9501 is the result of the low 
binder content and not the presence of large particles of 
HMX.6 The picture is not entirely clear with HMX, how-
ever. From deflagration data with LX-04, we would expect 
that material that has been held at high temperature for suf-
ficient time to drive the β to δ phase conversion would 
yield significantly greater thermal explosion violence. This 
was not observed in the thermal explosion experiments 
with LX-04 – perhaps the high level of binder and con-
finement present mitigated the acceleration in deflagration 
that is expected for LX-04 with δ-phase HMX. We do not 
have deflagration data for PBX-9501 with β and δ phase 
HMX, and so do not know if the observed lower thermal 
explosion violence for δ-phase HMX is consistent with the 
deflagration data. It may be that the inherent deconsolidate 
nature of PBX-9501 in β-phase overwhelms any additional 
deconsolidation driven by the phase change.  

For the RDX-based explosives, pristine PBXN-109 
shows regular deflagration with a low pressure dependence 
at high pressure. In contrast, Composition B exhibits a high 
pressure dependence of deflagration initially, and subse-
quently undergoes deconsolidation leading to very rapid 
deflagration. These results are entirely consistent with the 
observed violence of thermal explosions from these two 
materials – PBXN-109 gives a very mild response while 
Composition B explodes with a significant fraction of 
detonation energy over a wide range of conditions. This 
behavior is presumably the result of several factors – reac-
tive TNT binder in Composition B and fairly unreactive 
HTPB binder in PBXN-109; the presence of fairly unreac-
tive aluminum in PBXN-109; and the melting of the TNT 
binder in Composition B leading to rapid deconsolidation. 

PROPERTY CHANGES IN ENERGETIC 
MATERIALS FROM HEATING 

The changes in material properties upon heating and 
thermal degradation play a significant role in thermal ex-
plosions, and must be understood in order to develop a pre-
dictive ability. Key properties identified here (and else-
where) include thermal transport properties which will con-
trol the heat flow and buildup once reaction begins, me-
chanical properties which will determine the ability of the 
energetic material to flow into voids or to sustain internal 
pressures, and deflagration behavior. Thermal degradation 
may lead to formation of porosity in the energetic material, 
which may allow rapid deflagration or even rapid compres-
sion leading to transition to detonation. However, thermal 
degradation and formation of porosity does not necessarily 
lead to violent explosions. For example, in PBXN-109 the 
rapid initial deflagration in thermally-degraded samples is 
quenched, perhaps by compression of the pores by increas-
ing pressure, and the thermal explosion violence is quite 
mild. 

For HMX-based energetic materials, the β to δ phase 
change has a major effect on all properties of the energetic 
material; this effect must be characterized and the kinetics 
of the phase transition must be determined for each differ-
ent formulation. 

For the RDX-based energetic materials, the presence 
of a low-melting binder (TNT) in Composition B leads to 
complex behavior. The deconsolidative deflagration with 
ambient temperature samples appears to be caused by melt-
ing of the TNT as heat is released by the deflagration. Fur-
ther, the RDX will dissolve slightly in the molten TNT, 
providing additional reaction pathways for RDX decompo-
sition. Finally, the different deflagration behavior of Com-
position B with solid and molten TNT may play a role in 
violence during slow and fast cookoff, since in slow 
cookoff the entire mass of TNT will be molten while in fast 
cookoff some solid TNT will be present. We are lacking 
data to compare violence of slow and fast cookoff to study 
this effect. 

CONCLUSIONS 
The violence of thermal explosion of energetic mate-

rials is determined by many material properties, which are 
in turn governed by the material composition. Furthermore, 
these properties may be changed during the heating leading 
to thermal decomposition and explosion. To help determine 
the importance of these properties, we have compared 
property values and thermal explosion violence for two 
HMX-based and two RDX-based energetic materials. De-
flagration behavior is a key factor in violence. Deflagration 
measurements with pristine materials show relative behav-
iors and allow us to draw some comparisons, but deflagra-
tion of thermally-damaged materials is required to quantify 
the actual behavior during an explosion. Other important 
properties are thermal ignition kinetics and thermal and 
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mechanical properties. These properties must be measured 
for each energetic material, as apparently minor changes in 
composition may lead to significant changes in properties. 
As these properties are measured, models are developed for 
application in simulation codes such as ALE3D to develop 
a predictive ability for the violence of thermal explosion. 
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