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Study on chemical failure of HMX under
low temperature condition
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Abstract: In order to make unexploded ordnance lose explosive ability, the chemical failure of HMX that is usually used as deto-
nating explosive and booster was studied so as to find the corresponding chemical reagents, which can decompose HMX into
compounds without explosive properties. For this purpose, several decomposition experiments between HMX and NaOH,
HMX and thick H, SO, HMX and mixed acid under different temperature conditions were carried out. According to the experi-
mental results, it can be concluded that HMX can be decomposed by a mixture of concentrated nitric acid and concentrated ni-

tric acid with the volume ratio of 3 : 1. When its decomposed level reaches 60% , HMX will not be detonated, therefore the

failure purpose is achieved.
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0 Introduction

All countries have paid considerable attention to
the clearance of unexploded ordnance beacuse it may
result in harm to the civilians. And a variety of solu-
tions have been developed until now. Detonating ex-
plosive and booster are important explosive compo-
nents in explosion sequence. The failure of explosion
sequence will lead to fuse failure, therefore ammuni-
tion is unexplored. Destruction of fuse’s explosion
sequence will ensure that the unexploded ordnance
and waste ammunition lose their ability to explode.
HMX is main ingredient of common detonating ex-
plosive and booster. By analyzing the decomposition
of HMX in chemical environment, the failure mecha-
nism of fuse detonating explosive and booster can be
known, which means that the fuse loses its explosion
ability and the unexploded ordnance is safe"**,
Temperature is an important factor during the

physicochemical process. At low temperatures, it is
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very difficult for some materials to produce chemical
reaction or the reaction time is too long. In this pa-
per, in order to ensure the feasibility of ammunition
in reality, the chemical failure of HMX under low

temperature conditions is studied.

1 Principle of HMX chemical failure

Octogen’s scientific name is central tetramethylene
four nitramine, usually referred to as HMX. It is a
kind of white granular crystal. And its structure is
nitramine structure with eight membered rings, as

shown in Fig, 119,
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Fig.1 Chemical structure of HMX
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HMX is a kind of explosive with high melting
point of 276 — 280 °‘C and density of 1. 902 —
1. 905 g/cm®, and its stable crystalline form at nor-
mal temperature is 8 type (all kinds of HMX in prac-
tical application are 8 type). Due to high density, its
detonation velocity and detonation pressure are high.
Its chemical stability is good, and it has certain heat
resistance, therefore it is the best explosive. Its tox-
icity is not heavy, but still potentially dangerous-*"".

Based on the principle that oxidant can decompose
organic material*'", the decomposition experiments
of HMX were conducted. With a strong oxidizer,
low-energy organic and inorganic salt could be ob-
tained in the process of HMX decomposition. React-
ants were mixed with undecomposed detonating ex-
plosive and booster with different ratios. In order to
meet the requirements of practial application, the ex-
periment of the effect of degradation degree on explo-

sive performance was carried out.

2 HMX oxidative decomposition experi-
ments

2.1 HMX hydrolysis experiments in sodium
hydroxide

The first experiment is about the hydrolysis reac-
tion of HMX and alkaline chemical reagent— sodium
hydroxide. The hydrolysis reaction was carried out in
a constant temperature water bath (a boiling water
bath, in which there is 10. 5% sodium hydroxide).
According to the experimental data, the curve of the
effect of temperature on the hydrolysis of HMX in al-
kaline solution with concentration of 10. 5% are plot-

ted, as shown in Fig. 2.
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Fig. 2 Curve of effect of temperature on hydrolysis of HMX

in alkaline solution with concentration of 10. 5%

The experiments show that there is almost no de-
composition when the temperature is below the nor-

mal temperature,

2.2 Decomposition of HMX and concentrated
sulfuric acid at 0 C

To observe the decomposition reaction between
HMX and concentrated sulfuric acid (single acid) at
0 °C, the following tests were performed.

Firstly, a clean conical flask and 500 mg HMX
were prepared. After that, a piece of folded paper
containing medicines was put into the prepared coni-
cal flask. Secondly, the medicines were slowly slided
into the flask along the filter paper and the concen-
trated sulfuric acid was added to the medicine slowly.
At last, the flask was placed in a thermostat with 0
°C. The observed experimental results are shown in
Fig. 3. The white solid powder floating on the liquid

surface means there is no decomposition.

Fig.3 Reaction phenomenon when adding concentrated sul-

furic acid at 0 °C

The above two experiments show that when the
temperature is below 0 “C, there is no reaction be-
tween HMX and sodium hydroxide, HMX and con-
centrated sulfuric acid, respectively. To continue the
experiment, stronger oxidation or strong acidic is

needed.

2.3 Decomposition reaction of mixed acid and
HMX with different proportions at nor-

mal temperature

Similar to the above experiments, in this experi-

ment the conical flask was used. 500 mg HMX was
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slowly slided into the conical flask along the filter pa-
Then 10 mL mixed acid was added drop by

drop. This experiment was repeated using mixed acid

per.

with different proportions. The reaction results are
shown in Table 1.
It can be seen from Table 1 that when the ingredi-

ents and proportions of the mixed acid are different,

the reaction processes between the mixed acid and
HMX are different.

and concentrated hydrochloric acid are mixed at the

When concentrated nitric acid

volume ratio of 3 ¢ 1, the decomposition effect is the
strongest. According to the experiments results, it is

concluded that it is feasible to oxidize HMX by using

mixed acid.

Table 1 Decomposition reaction of mixed acid with different proportions and HMX
No Dosage I’ro'portionl of Rcaclign time Phenomenon
(mL) mixed acid (min)
. 1 HCL-+H,S0O, 3 000 Particles are completely wetted and seem to be flocs floating on the
(1:3) surface and part of them are in the bottom.
) 1 HCLA+H; SO, 3 000 Particles are completely wetted and seem to be flocs floating on the
a1:2) surface and part of them are in the bottom.
s 0 HCL+H> SO, 3 000 Particles are almost completely wetted and dispersed throughout the
1:1 whole liquid.
A 0 HCL-+H;SO, 3 000 White particles are floating on the surface and a small number of
@21 particles are in the bottom.
- 0 HCL-+H;S0O, 3 000 White particles are floating on the surface without significant chan-
3: 1) ges
6 0 HNO; +H; SO, =00 White particles are floating on the surface and attached to a large
1:3) number of bubbles.
; 10 HNO; +H,S0O, 150 White particles are wetted and floating on the surface, attached to a
(1:2) large number of tiny bubbles. The wetting phenomenon appears.
g 10 HNO; +H; SO, 380 White particles seem to be flocs. totally wetted, floating on the sur-
1:1 face and attached to a large number of tiny bubbles.
0 10 HNO; +H; SO, 330 The produced solid substance seem to be flocs, totally wetted.
@:D floating on the surface and attached to a lot of bubbles.
1 1o HNO; +H; SO, 150 The produced solid substance seem to be flocs, totally wetted,
3:1) floating on the surface and attached to a lot of bubbles.
1 1o HCL+HNOs % The produced solid substance seem to be flocs, totally wetted,
(1:3) floating on the surface and attached to a lot of bubbles.
1 10 HCL+HNOs 5 The produced solid substance seem to be flocs, totally wetted,
(1:2) floating on the surface and attached to a lot of bubbles.
13 10 HCL+HNO; 9 The particled are wet and flaky, floating on the surface and attached
1:1 to a lot of bubbles.

2.4 Effect of mixed acid on decomposition re-

action of HMX at low temperature

In order to investigate the reaction performance be-
tween mixed acid and HMX at low temperature, the
following tests were carried out.

Firstly, 500 mg HMX was slowly slided into the
conical flask along the filter paper. Then 10 mL mix-

ture of concentrated nitric acid and concentrated hy-

drochloric acid at the volume ratio of 3 ¢ 1 was added
drop by drop. After that, conical flask was put into a
thermostat with 10 °C. The experiments were repeat-
ed at the temperatures of 0, —10 and —20 C, re-
spectively. The experiment results were shown in
Table 2.

It can be seen that acid mixture can decompose
HMX and decomposition rate becomes slowly as the

temperature falls.
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Table 2 Effect of temperature on the decomposition reaction

Temperature Amount

Reaction time

X Ph

No C) (mL) enomenon (min)
1 10 10 Decomposed totally, with intense bubbles 60
2 0 10 Decomposed totally, with few bubbles 180
3 —10 10 Decomposed partially, with few bubbles 380
4 —20 10 Decomposed partially, and few bubbles are generated slowly 750

3 Effect of degradation degree on ex-
plosive performance

Normally, when the decomposition rate of detona-
ting explosive and booster is 100%), detonating ex-
plosive and booster fails. However, in reality, deto-
nating explosive and booster fails even when the de-
composition rate is below 100%. Therefore, to ob-
tain the relationship between decomposition degree
and failure of detonating explosive and booster, the
decomposition degree of detonating explosive and
booster was analyzed. Thereout, the amount of rea-
gent can be determined, which not only saves the a-
mount of reagent, but also helps to design the fuse

device.

3.1 \Verification of degradation products’ ex-
plosiveness

When the reaction between HMX and mixed acid
terminated, the remained liquid in the conical flask
was filtered and dried. Then the solid residue and fil-

ter paper were ignited in an open field.

(b) After decomposition

(a) Before decomposition

Fig. 4 Comparison of detonating drugs decomposition

The experiment results show that the decomposi-
tion products can not be ignited and there is no obvi-
ous intense heat and light phenomenon, which means
that the decomposition products are completely non-
flammable and non-explosive. In Fig. 4, performance
comparison of detonating drugs before and after de-

composition is shown.

3.2 Effect of degradation degree on explosive

performance

At different rates, the product of HMX and mixed
acid were mixed using detonating explosive and
booster directly, as shown in Table 3. Then it was
detonated by detonator. If it could be detonated, it
meant that in such a decomposition degree, the am-

munition could be detonated, and vice versa.

Table 3 Degradation degree and test table of detonators can be

detonated or not

Decomposed Undecomposed Degradation Detonator
can be

detonated

No. products products degree
() () (%
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It can be seen from experimental results that when
the degree of decomposition of HMX is more than
60% , it can not be detonated. The detonating explo-

sive and booster will fail.

4 Conclusions

1) Under the condition of the normal and low tem-
peratures, the detonating explosive and booster can
be decomposed in the mixed acid (concentrated hy-
drochloric acid and nitric acid).

2) The solid residue of HMX and mixed acid are
non-explosive,

3) When the degree of decomposition is more than

60% , detonators can not detonate HMX.
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Therefore, by using special equipment, these rea-
gents are added to ammunition’s fuse. If the ammu-
nition is not exploded after launching or expires,
these reagents will react with detonating explosive
and booster, thus the detonating explosive and
booster will lose their detonate ability and it meets
the requirement of autonomic failure. Obviously,
this will improve the safety of the use of cluster mu-
nitions greatly, and reduce the harmfulness of unex-
ploded ordnance and scrap ammunition to the mini-

mum.
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