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Abstract:
The new High explosive FOX 7 was tested in view of German Test methods. |mpact- and
friction sensitivity were tested and experiments for assessing the performance were
conducted. FOX 7 proved to be an insensitive high explosive with a performance comparable
to RDX. It has agreat potential for substituting the standard high explosives, which arein use
today.

1 Introduction

Since many years, around the world, one tries to synthesise new explosive materials, which
can substitute the high explosives in service today. Such new material should have a better
performance at the same sensitivity level or should be less sensitive at the same performance
level.

Such a compound, which has been synthesised is CL 20, a high explosive with an excellent
performance but it showed, that it is quite sensitive and behaves like a primary explosive.
Since a short time a new explosive, produced in Sweden, called FOX 7 isavailable. The
molecule, 1,1dinitro 2,2 diamino ethene, unlike e.g. CL 20, isavery simple one.

In order to asses whether this substance exhibits the potential to replace the standard high
explosives ( TNT, RDX, HMX) in Germany, FOX 7 was tested with German test methods.

The thus obtained results are reported in the following.



2 Experiments

2.1 Characterisation

For characterisation the substance, microscopic and SEM pictures were taken and the grain
size distribution was determined. Furthermore for identification purposes, the material was

investigated by x-ray diffraction.

2.2 Chemical/thermal stability

The chemical/thermal stability of FOX 7 was assessed by Differential-Thermo
Anaysis/Thermogravimetry (DTA/TG).

The heating rate was 5 K/minute, the sample size 200 mg.

2.3 Sensitivity

In order to get an idea of the sensitivity of the substance, impact and friction sensitivity were
determined.

For determining impact and friction sensitivity the BAM test set up was used. The evaluation
of the impact datawas different to BAM method. Instead of 6 trials per energy level ten trials
were performed. The results were evaluated by a procedure described in [1].

The main point of this procedure is to estimate the probability, with error limits, for reaction
(or no reaction) at each energy level, then to fit a function which runsin its whole course
within the error limits. The function used in this procedure is the Weibull distribution, which

proved to be very useful for this purpose.

2.4 Performance

The performance of FOX 7 was determined by a modified impedance mismatch procedure.
For the tests, pressed cylinders of the pure material (without any phlegmatizer) were used.
The length of the cylinders was 20 mm, the diameter 21 mm, they were pressed to a density of
1,7 g/cm3. Five such cylinders were assembled to a column, which was initiated by 10 g of
RDX/WAX (95/5). At end of the column an aluminium disc was fixed and the free surface
velocity of the disc, caused by the shock wave transferred into the aluminium by the
detonation of the material, was measured. This measurement was done by two velocity pins.
Beside the free surface velocity, the detonation velocity of the material was determined. For
this measurement simple compression probes were used.

The experimental set up can be seen in figure 1.



figure 1: Experimental Set Up for measuring

free surface velocity

For comparison the same measurements were performed with TNT, RDX/WAX (95/5) and
HMX/WAX (97/3). Dimension and density of the samples were the same as FOX 7.

3 Results

3.1 Characterisation

The grain size distribution is shown in the following table.

Size [um] Percentage
0>50 15.96
50>100 9.40
100>200 25.94
200>400 41.40
400>800 7.30

The figures 2 and 3 show microscopic and SEM photographs of FOX 7 grains. As can be seen

from these figures the crystal shapes can still be optimised.
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figure 3: Light microscopic photograph of different grains



The diffraction diagram is shown in the next figure
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3.2 Chemical/thermal stability
The result of the DTA/TG investigation is shown in next diagram.
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As can be seen, FOX 7 isavery stable substance, the decomposition reaction starts
(explosion) at approx. 210 °C. More detailed information about the thermal behaviour of
FOX 7 isavailablein the paper of Ticmaniset al. [2].

3.3 Impact and Friction Sensitivity

Friction Sensitivity At aload of 360 N five reactions occurred out of six trials. Compared to
TNT and tetryl, which are not sensitive to friction, FOX 7 is somewhat more sensitive than
those two substances but 360 N is the highest load which istested in BAM Friction Test.
Therefore FOX 7 can be regarded as insensitive to friction.

Impact Sensitivity The results are shown in the next diagram.
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From this diagram one can read the probability for reaction as function of energy level.ln the

next table the impact energies for 5 % and 50 % reaction probabilities are listed.

Probability [%] ‘ Impact Energy [N]
5 31
50 23.8




For comparison the impact energiesfor TNT, tetryl and HM X, determined by the same
procedures, are presented in the following bar chart (the left bars stand for 5%, the right ones
for 50%).
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This chart shows, that impact sensitivity of FOX 7 is within range of the standard high
explosives, i.e. FOX 7 israther insensitive to impact. According to STANAG 4170 it meets
the requirements, even unphlegmatized, for main charges.

3.3 Performance

The free surface velocity of the aluminium disc, the shock pressure induced in the aluminium
and detonation velocity , together with the data of the other substances are summarised in the

following table.

FOX 7 |[TNT |RDX/WAX |HMX/WAX
Detonation 8.0 6.8 |83 8.3
Velocity [mm/us]
Free surface velocity 1.3 094 |13 14
[mm/ps]
Shock pressure[GPa] [~26 |=17 |~ 26 ~ 28




As can be seen, FOX 7 performs better than TNT and similar to HMX and RDX.
By means of the formula[3]:

pD= pAI*(1+ VD pE)

2 Va* P
with
Po detonation pressure
Pa shock pressure in aluminium

VAl detonation velocity resp. Shockwave velocity in Al

PE/AI density of the explosive resp. Aluminium

the detonation pressure can be estimated.

The results are shown in the next bar chart.

pressure &Ra__|




4 Summary

The rather new high explosive FOX 7 was assessed by German test methods. FOX 7 proved
to be arather insensitive material. The performance is better than TNT and similar to HM X
and RDX. As can be seen from SEM pictures crystal shapes can still be optimised, which may
further reduce the sensitivity.

FOX 7 has certainly the potential to substitute the standard high explosives which are in use
today.
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