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Data on the change of detonation velocity and Chapman-Jouget 
pressure vs initial HE density for RDX and HMX have been 
compared with the theoretical predictions of Ree for PBX 
9404. Ree's model predicts breaks or changes in the slope 
of these curves due to the solidification of carbon and the 
formation of a separate, nitrogen-rich phase. There is good 
evidence for the solidification of carbon at Pq about 
1.15 g/cc, but the evidence for the nitrogen phase 
separation at pg about 1.56 g/cc is conflicting.

INTRODUCTION
Data on the change of detonation 

velocity and Chapman-Jouget pressure vs 
initial HE density, pg, have been 
used to test the reliability of 
theoretical models of HE detonation 
products equation of state (EOS). Ree's 
theoretical model for 9404 predicts 
rather abrupt changes in these variables 
at approximately pg=1.15 and 1.56 
g/cc. [14] The former change is due to 
the solidification of carbon; the latter 
to the formation of a separate, 
nitrogen-rich phase. This paper will 
compare Ree's prediction with these data 
for HMX and RDX explosives.**

DISCUSSION OP THE EXPERIMENTAL DATA
In order to compare theoretical 

detonation velocities with experiments.

**RDX and HMX are homologous nitra- 
mines of the family (CH2N202)n 
where n is 3 for RDX and 4 for HMX. 
Theoretical maximum density of RDX is 
1.8 g/cc and 1.3 for HMX. The heat of 
formation is 14.7 Kcal/mole for RDX and 
17.9 for HMX. Additionally, early U.S. 
produced RDX contained 'olO% HMX, and 
HMX "v 2-10% RDX. We can compare data for 
RDX and HMX with calculations for PBX 9404 
because 9404 is ■v94% HMX.

it is necessary to convert all the 
experimental data, D to the detonation 
velocity at infinite charge diameter,
Di. This is not a straightforward 
procedure for a number of reasons. The 
first is simply that the charge 
diameter, d, is not always given; D was 
often measured as an adjunct to some 
other experiment, so little care was 
given to clearly reporting how the 
experiment was done. In addition, the 
obvious method of extrapolating D to 
infinite diameter is to plot D vs 1/d 
and let l/d go to zero. However, this 
method is not universally accepted. [4]

Finally, it seems to be of dubious 
value to extrapolate D in a case where 
the incremental D is less than the 
uncertainty in the data. In Ref. 6 , 
there are enough data to get good 
statistics at given values of pg and 
d. (See, for example, the data at 
Pg=1.2 g/cc and d=76.2 mm.) These 
data show an RMS uncertainty of 0.3%, 
which translates to 12 to 27 m/s for D 
between 4000 and 9000 m/s. (These same 
data also show an RMS uncertainty in 
Pg to be about 0 .2%. )

Consequently, some judgment is 
required to determine Di. Fortunately, 
the corrections were small, usually less 
than 20 m/s with the largest being 60 m/s.

Table 1 gives the values for D at the 
maximum charge diameter and D^. Values

*Work performed under the auspices of the U. S. Department of Energy by the 
Lawrence Livermore National Laboratory under the contract no. W-7405-ENG-48.
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TABLE 1
HMX and RDX Detonation Velocity vs Density

HE Pog/cc Dikm/s
D

km/s
Maximum Charge 
Diameter (mm) Reference

RDX 0.53 4.06 4.00 30 8
HMX 0.533 - 3.92 76 10
RDX 0.56 4.07 4.05 40 1
HMX 0.561 - 3.98 76 10
RDX 0.61 4.43 4.390 30 8
RDX 0.70 4.82 4.780 30 8
RDX 0.70 4.67 4.65 40 1
HMX 0.750 4.88 76 10
RDX 0.80 5.27 5.240 3 0 8
RDX 0.899 5.603 - 78 6
RDX 0.90 5.81 5.750 20 8
RDX 0.95 5.82 5.80 40 1
RDX 0.986 5.925 - 7 6 6
RDX 0.999 5.935 - 76 6
HMX 1.00 “ 5.80 (25) 10
RDX 1.00 6.10 6.040 20 8
RDX 1.0 6.05 6.03 40 12
RDX 1.013 6.100 - 76 6
RDX 1.03 6.0 6.0 60 11
RDX 1.048 6.188 _ 78 6
RDX 1.070 6.28 6.26 40 1
RDX 1.10 6.45 6.45 19 4
HMX 1.10 - 6.21 (25) 10
RDX 1.10 6.20 6.18 40 1
HMX 1.148 6.42 (25) 10
HMX 1.189 6.713 6.674 25 5
RDX 1.199 6.723 - 102 6
HMX 1.20 - 6.58 (25) 10
HMX 1.20 - 6.51 (25) 10
RDX 1.20 6.77 6.75 (40) 3
RDX 1.29 7.02 7.00 40 1
HMX 1.30 - 6.93 (25) 10
HMX 1.30 6.99 (25) 10
HMX 1.388 - 7.21 (25) 10
HMX 1.40 - 7.20 (25) 10
HMX 1.40 _ 7.30 (25) 10
RDX 1.40 7.46 7.44 (40) 3
RDX 1.401 7.426 - 146 6
RDX 1.44 7.53 7.53 60 11
RDX 1.46 7.62 7.60 40 1



TABLE 1 
Continued

HE Pog/cc D ik/ms
D

k/ms
Maximum Charge 
Diameter (mm) Reference

HMX 1.50 _ 7.53 (25) 10
RDX 1.501 7.692 - 25 6
HMX 1.529 - 7.68 (25) 10
HMX 1.59 7.85 (25) 10
RDX 1.59 8.12 8.10 (40) 3
RDX 1.60 8.15 8.13 40 1
HMX 1.60 - 7.91 (25) 10
RDX 1.60 8.099 - 150 2
HMX 1.602 - 8.01 (25) 10
HMX 1.613 - 8.02 (25) 10
HMX 1.613 - 8.01 (25) 10
HMX 1.624 - 8.08 (25) 10
RDX 1.63 8.341 8.341 51 13
HMX 1.652 - 8.10 (25) 10
RDX 1.665 8.241 - 51 6

HMX 1.693 - 8.42 (25) 10
HMX 1.695 - 8.26 (25) 10
RDX 1.72 8.507 - 150 2
RDX 1.72 8.48 8.46 40 1
RDX 1.753 8.598 - 149 6

RDX 1.755 8.68 8 . 6 6 (40) 3
HMX 1.763 - 8.58 (25) 10
RDX 1.766 8.639 - 38 6

RDX 1.767 - 8.639 ? 7
HMX 1.832 - 8.74 (25) 10
HMX 1.838 - 8.85 (25) 10
HMX 1.847 - 8.85 (25) 10
HMX 1.875 - 8.88 (25) 10
HMX 1.891 9.13 9.11 (25) 9

for d in parentheses are very uncertain. 
The data in Refs. 2 and 6 are so copious 
that statistical fluctuations can be 
clearly seen; i.e., even if dj_ < d2 ,
Di might be less than 03• Therefore, 
no values for D are listed. The data of 
Kurrle [10] and the single point from Helm 
[5] are the only results for HMX. Helm’s 
value of D agrees with the RDX data while 
Kurrle's results are systematically low by 
■vlBG m/s. No explanation of this has 
been found. Therefore, it seems

meaningless to determine Df from 
Kurrle's data. However, Kurrle's results 
have one distinct advantage; they cover a 
large density range, 0.533 < Pq  < 1.875. 
Therefore, assuming these data to be 
internally consistent, the shape of the 
D vs Pq curve for these data alone 
should prove a good test of Ree's theory.

Finally, the data of Stesik and 
Shvedova [8] are consistently high by 
about 150 m/s, yet the slope is the same



as the other low-density data. [1 ,6 ] 
Because of the wealth of data at 
pQ=1.00 in Ref. 6 , I have assumed that 
the value of D there is most likely 
correct in the absolute sense. Therefore, 
I have simply normalized the data of 
Stesik and Shvedova at this point.

COMPARISON OF THE DATA WITH REE'S THEORY
Figure 1 shows a comparison of the 

low-density data (.5 < Po < 1.5) with 
the prediction of Ree. All the data, 
except for Ref. 5, are for RDX, while the 
calculation is for PBX 9404 . Ree's 
prediction appears to agree well with the 
data except at the lowest values of pQ 
where it is slightly too high. The data 
point of Krivchenko et al. [11] at

Po=l.03 is given with only two 
significant figures which may explain why 
it is low by %1.5% when compared with 
Ree. More puzzling, however, is the data 
point of Kuznetsov and Shvedov [1] at 
Pq =1 .1. All their other data agree 
well with Ree‘s theory as well as with the 
other experimental data. This point is 
not only 'V/3% low compared with Ree's 
theory, it is even lower than the data 
from the same source at Pq =1.07.
Figure 2 shows the same comparison for the 
HMX data of Kurrle. Again, the theory and 
experiment are in reasonable agreement.

While neither of these comparisons 
Should be considered definitive, they do 
lend some credence to Ree's theory that 
carbon appears as a solid in the
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Fig. 1 - Comparison of experimental data and theoretical prediction for 
detonation velocity vs initial HE density. All data for RDX except for Ref. 5 .
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Fig. 2 - Comparison of experimental data for HMX and theoretical prediction 
for detonation velocity vs initial HE density.

detonation products for an initial HE 
density less than 1.15 g/cc.

Figure 3 shows the same comparison 
for the high-density (1.2 < Pq < 1.9) 
data. Again, all the data except for 
Ref. 5 are for RDX. The nitrogen-rich 
phase predicted by Ree to occur at 
P q = 1 .56 g/cc does not show in the 
experimental data. Indeed, Fig. 4 shows 
that these data can be represented very 
well by a linear fit. In addition, the 
HMX data of Kurrle can also be 
represented by a straight line with 
essentially the same slope (see Fig. 5).

Besides measuring D vs Pq ,
Kurrle also measured the Chapman-Jouget 
pressure, P^j. These results are 
compared with Ree's prediction in 
Fig. 6 . The experimental data are 
normalized to Ree's theory at Pq=1.2 
by subtracting 3 GPa from all the data.

This is not unreasonable because pure 
HMX should have higher CJ pressures than 
PBX 9404.

Ree has difficulty in unambiguously 
determining P^j in the two-phase 
region, 1.56 < Pq < 1.72; the dashed 
line in the figure is a visual aid 
only. However, there is an indication 
in the data of a break in the P^j vs

curve at p. 1.51, not far

it

f rom Ree's predicted value of 1.56.
Pq j is a more sensitive measure of 

the reliability of a theory than is D. 
While this result is hardly definite, 
is definitely thought-provoking. 
Additional experiments should be 
undertaken to measure Pcj, or some 
related quantity like particle velocity, 
to see if a break exists and if so at 
what value of Pq .
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Fig. 3 - Comparison of experimental data and theoretical prediction for 
detonation velocity vs initial HE density. All data for RDX except for Ref, 5.
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Fig. 5 - Comparison of experimental data for HMX and a linear fit for 
detonation velocity vs initial HE density.
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