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The Thermal Decomposition of 1,35 Trinitro
Hexahydro 1,3,5 Triazine (RDX)—Part II:
The Effects of the Products

J.D.COSGROVE and A. J. OWEN*

Explosives Research and Develop Establish

, Ministry of Defence, Waltham Abbey, Essex, England .

The effect of products and 1,3,$ trinitrobenzene on the thermal decomposition of RDX in a static sye-
tem at 195°C has been studicd. Formaldehyde, hydroxymethyl formamidc, methylene diformamide,
and 13,5, trinitrobenzene are all shown to enhance the reaction rate. Different initial steps in the
mechanisms are indicated for the gaseous and solution phase decompositions.

Introduction

In Part 1 [1], the products of the thermal decom-
position of RDX in a static system at 195°C were
quantitatively measured and the course of the de-
compasition followed. The initial step was shown
to take place in the vapor phase. In the present
paper, the cffects of the products nitrogen, nitrous
oxide, nitric oxide, carbon dioxide, carbon mon-
oxide, water, formaldehyde, hydroxymethyt
formamide, and methylene diformamide on the
decomposition are studied. The effect of a small
quantity of 1,3,5 trinitrobenzene has also been in-
cluded, since an extensive investigation of the de-
composition of RDX in 1.3,5 trinitrobenzene {2}
has showr: that 1,3.5 trinitrobenzene is relatively
inert as a solvent.

Experimental
The experimental procedures have been described
previously {1]. Analytical grade 1.3,5 trinitro-
benzene {mpt 122°C) was meited, solidified, and
the mass broken down into granular form.
Hydroxymethyl formamide was introduced into
the reaction flask by means of a hypodermic
needle. Crystulline materials were mixed with the
RDX prior to charge of the reaction vessel.
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Results and Discussion
The results are given in Tables | and 2.

The Effect of Product Gases

The effect of the product gases nitrogen, nitrous
oxide, nitric oxide. carbon dioxide, carbon mon-
oxide, and water is given in Table 1, which shows
that the addition of 314 mm of all the product
gases, with the exception of nitric oxide, exhibited
the same inhibiting effect as nitrogen. This has
been discussed previousty and attributed to retar-
dation of the vaporization of RDX. Nitric oxide,
while retarding the rate of decomposition enfiances
the rate of decompaosition over that of an inert gas.
The effect is, however, small and probably due to
minor secondary oxidation reactions of the com-
bustible products.

Formaldehyde is shown in Table 2 to enhance
the rate of decomposition. This has also been ob-
served by Batten [3]. In the carly stages, the
effect is relatively smali but it must be remem-
bered that, as a gas, it necessarily retards the
vaporization of the RDX: formaldehyde has a
greater effect on the later stages of the decomposi-
tion. The rate of decomposition is proportional to
a function of the concentration of formaldehyde.
Formaldehyde is clearly shown to have reacted in
those experiments with high initial concentration
of formaldehyde, that recovered being less than
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TABLE 1
The Effect of Product Gases

Temperature 195 C. Initial DX 0.900 mM. Volume of Reaction Flask 150 mls
Reaction time 150 mins. Pressure of added gas 314 mm.

Added Gas N2 N;O
RDX reacted mM 0.263

0270

co
0.268

NO CO,
0310 0.266

H,0
0.270

that initially added. Comparison of experiments
with and without added formalde .yde (see also
Table 1 of Part I} show that the yields of nitric
oxide, carbon dioxide, and carbon monoxide for a
given RDX decomposition are enthanced by the
presence of formaldehyde, while the yields of
nitrogen and nitrous oxide are unaffected.

The Mechanism of the Gas Phase Decomposition

The above observations are consistent with the
thesis given in Part I [1] and that of Rauch and
Fanelli [4] that the first step in the decomposi-
tion of RDX in the gascous phase is the elimina-
tion of nitrogen dioxide.

0
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CH, CH,
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The radicle then breaks down possibly according
to the scheme given below
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It is suggested that the .CHOH.NH.CHO radicle
would be stabilized by delocalisation of electrons
and hydrogen bonding. Subsequent reaction with
a proton would lead to hydroxymethyl formamide
or altemativaly the radicle could dimerise. Nitro-
gen dioxide and formaldehyde react rapidly at
195°C, the reaction being first order with respect
to each reactant {§] . the overall reaction is repre-
sented by the equation:

5 CH,0 + 7NO; = 3CO + 2C0, + 7INO + 5H,0.
(RY}

The reaction scheme leads to the correct ratios o.
the products in the carly stages of the decomposi
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CH, CH,
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tion with the exception of carbon dioxide and
hydroxymethyl formamide. However, hydroay-
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TABLE 2
The Effect of (a) Forimaldehyde, (b) Hydroxymethyl formamid », (¢) Methylene Diformamide
and (d) 1,3,5 Trinitrobenzene #

RDX Products o o
Time  Additions reacted N2 N0 NO €0, €O _CHO _.ES_OQ"*..N“}E—,NS)_’
mins mM mM mM
31 0.042 0035 0053 0036 0021 0.008 0.048 0.039 0.035  0.010
60 0.105 0.100 0.100 0069 0056 0046 0.110 0.101 0.071 0.019
(3) Formadehyde
20 0.076 0,032 0.032 0029 0037 0020 0025 0.092 0.041 0.036
40 0.080 0.083 0,062 0095 0079 0050 0065 0.128 0.056 0.058
60 0070 0.153 0.154 0.165 0.123 0095 011t 0.174 0.092 0.093
20 0370 0.036 0.301 0.039 0025 0.012
40 0360 0IM 003} 0103 0087 0063 0087 0337 0.069 0.063
60 0.380 0.180 0.157 0210 0,138 0.115 0431 0417 0.096 0.094 0032
(b) Hydroxymethyl formamide
21 0.180 0.110 0.115  0.39%9 0065 0.068 0037 0.284 0.185 0.200  0.01x
30 0.145 0.140 0.158 0.169 0.081 0.078  0.031 0.253 0.162 0.149
40 0.168 0.204 0210 0262 0.109  0.101 0.095 0.358 0.226 0.224 0025
(c) Methylene diformamide
204 0.115 0.172 0262 0242 0281 0.0
30{ 0.114 0231 0239 0307 0026 C.i19 0.091 0.332 .250 0316
40 0.115 0363 0400 0500 0.135 0202 0.156 0430 0325 0.320 0038
(d) 1,3,5 Trinitrobenzene
30 0.050 0.140 0.135  0.154 0,00 0.058 0.045 0.088 0.052 2.057

Temperature 195°C. Initial RDX 0.900 mM. Volume at reaction flask 150 ml.

methyl formamide decomposes slowly at the reac-
tion temperature to give methylene diformamide.
carbon dioxide, formaldehyde, trimethylamine,
and water according to the equations

2 CH,OH.NH.HCO
= CHy(NH.HCO), + H,0 + CH,0 (4)

CH,OH.NH.HCO + 3CH,0
=(CH,),N + 2C0, + H,0. (5)

It is probable that the amine nitrate observed in
the decomposition of RDX [1] is trimethylamine
nitrate. The pyrolysis of hydroxymethyl forma-
mide is retarded by the presence of nitric acid.
Under acid conditions, there 12 a greater tendency
for the formation uf a liquid product which is

believed to be a polymer of hvdroxymethy) forma-
mide, e.g.,

freo
—\I:J —CHy | —

The Effect of 1,3,5 Trinitrobenzene, Hydroxymethy!
Formamide, and Methylene Diformamide

In a study of the decoaipcsition of RDX :n 1.3,5
trinitrobenzene (2] it was shown that the initial
step was a reversible reaction involving the climina-
tion of formaldehyde. The addition of a small
amount of 1.3,5 trinitrobenzene in the present
work shows that its presence as a solvent results in
a much accelerated rate of decomposition.
Additions of hydroxymethyl formamide and
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methylene diformamide also lead to a much accel-
erated rate of decomposition, even in the early
stages of decomposition, (in contrast to the effect
of formaldchyde). The greater effect of methy-
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NO, CH, N
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Yoy
CH, CH,
N S
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lene diformamide over hydroxymethyl formamide
may be due to better mixing of the addition with
the RDX. Mass balances show that over 90% of
the nitrogen has been recovered, but that not all
the carbon containing species have been recovered.
Comparison of experiments with and without
additions show that the yields of nitrous oxide are
enhanced in those experiments with additions.
while the yields of hydroxymc .hyi formamide, as
measured by the formic acid and ammonia values,
are considerably reduced. The yield of formalde-
hyde, however, still shows an approximate 1:1
dependence with the RDX decomposed.

The Mechanism of the Solution Phase Decompaosition
The experimentis with additions, which act as sol-
vents, show clearly that the mechanism of RDX
decompaosition in the solution phase is different to
that in the vapor phase. The absence of an inert
gas in these experiments, has meant that the re-
sults refer to a combination of solution and gas-
eous phase decompositions. It is suggested. how-
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ever, that the initial step in the solution phase
decompusition is that originally proposed by
Robertson [6] and shown to be reversible [2],
namely the elimination of formaldehyde

+CH,0 (6)
CH, CH,
N4

Y

Subsequent breakdown of the radicle almost cer-
tainly involves the formation of two molecules of
nitrous oxide The detailed mechanism of the
breakdown. however, must await further expen-
mentation in which the gas phase decomposition
is considerably reduced or eliminated.

Crown copyright reserved. Reproduced by per-
mission of the Controller of HM Stationery Office.
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