Journal of
Hazardous

Materials

www.elsevier.com/locate/jhazmat

ELSEVIER Journal of Hazardous Materials A121 (2005) 11-21

Thermal reactivity of some nitro- and nitroso-compounds derived
from 1,3,5,7-tetraazabicyclo[3.3.1]Jnonane at contamination
by ammonium nitrate

Svatopluk Zemap *, Yuanjie Shi?, Zder&k Fried, Jifi Vagenknectt

a Department of Theory and Technology of Explosives (DTTX), University of Pardubice CZ-532 10 Pardubice, Czech Republic
b Institute of Chemical Materials, China Academy of Engineering Physics Mian Yang, Sichuan 621900, China
¢ Faculty of Chemistry, Brno University of Technology CZ-61200 Brno, Czech Republic

Received 25 July 2004; received in revised form 5 January 2005; accepted 5 January 2005
Available online 10 March 2005

Abstract

Thermal reactivity of 3,7-dinitro-1,3,5,7-tetraazabicyclo[3.3.1]nonane (DPT), 3,7-dinitroso-1,3,5,7-tetraazabicyclo[3.3.1]Jnond)e (DNP
1,3,5-trinitroso-1,3,5-triazinane (TMTA oR-salt), 1,3,5-trinitro-1,3,5-triazinane (hexogen or RDX), 1,5-diacetyl-3,7-dinitro-1,3,5,7-
tetrazocane (DADN)q-modification of the 1,3,5,7-tetranitro-1,3,5,7-tetrazocane (octogen or HMX) and of their mixtures with 2 wt.% of
ammonium nitrate (AN) has been examined by means of non-isothermal differential thermal analysis. The resulting data were analyzed
according to the Kissinger method. The reactivity was expressed EsRhéslopes of the Kissinger relationship. A relatively high reactivity
has been found with mixtures of DPT and DNPT with AN. Electronic chagfeat nitrogen atoms in molecules of the compounds studied
were calculated by means of ab initio DFT B3LYP/6-31@ethod. The relationships were confirmed between the sEBgies and theg"
values for the nitrogen atoms primarily undergoing reaction. On the basis of these relationships it is stated that the destabilizing effect of AN
is due to acidolytic attack of nitric acid (resulting from dissociation of ammonium nitrate) at the nitrogen atoms with the most ggative
values in the molecules of the compounds studied.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction was pointed out that, from the standpoint of technological-
safety risks, AN represents and undesirable impurity in
Ammonium nitrate (AN) is used as oxidising compo- DPT and its dinitroso analogue, i.e. 3,7-dinitroso-1,3,5,7-
nent in explosive mixturefl—3]. It also represents one of tetraazabicyclo[3.3.1]nonane (DNPT); the last one was used
the side products in the synthesis of 3,7-dinitro-1,3,5,7- as an active component of the blowing agents for rubber and
tetraazabicyclo[3.3.1]Jnonane (DPT) by the Hale method polymers [8,9]. The 1,3,5,7-tetraazabicyclo[3.3.1]nonane
[4,5] and it can be one of raw materials in the production (HMTA) is a starting material in production of these reac-
of technologically attractive nitramines 1,3,5,7-tetranitro- tive energetic MannicN-baseg4—6,9,10]
1,3,5,7-tetrazocane (octogen or HMX) and 1,3,5-trinitro- It was shown[7] that exothermic reaction of DNPT and
1,3,5-triazinane (hexogen or RDXp,6]. In Ref. [7] it DPT with AN primarily takes place in solid phase at rel-
atively low temperatures. With regard to the importance of
* Corresponding author. DPT for synthesis of HMX4-6] the present paper is focused
E-mail addresssvatopluk.zeman@upce.cz (S. Zeman). on the primary step of splitting in the given reaction. For a
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more detailed specification of this step, the study also cov- Table 1
ers further important compounds Synthesized from HMTA, Survey of the substances studied, their code designation, critgesi-

s ] triagi trogen atoms, and slop&&R~1 of the Kissinger’s relationship for their
namely 1,3,5-trinitroso-1,3,5-triazinane (TMTA asalt)’ exothermic decomposition (wherés a correlation coefficient); designation

1,5-diacetyl-3,7-dinitro-1,3,5,7-tetrazocane (DADN), RDX pure corresponds to the exothermic decomposition of pure substance, AN1st
anda-modification of HMX. Some of these compounds can to the first and AN2nd to the second exothermic peaks of its mixture with
act as fuel or fortifying components of energetic materials AN

containing AN. Also for this reason, the thermal reactivity N gV (electron)

of their mixtures with AN is dealt with in the present paper, pNpT: 3 7-dinitroso-1,3,5,7-

which directly links this paper to Ref7] and is connected  tetraazabicyclo[3.3.1]nonahe

with the topic dealt with in Ref[3]. FNZ
N
2. Experimental 6 N// 4\1\] 5
ON" 1 3 NO
2.1. Substances ; —8-5822
_ o - _ 3 —0.2685
For the investigation of stability parameters, the studied 4 —0.3901
samples were prepared in the quality grade “pure”: DNPT 5 0.1639
was a product of the HMTA nitrosolys[§,10] with subse- 6 01635
guent stabilization by washing with 2% ammonia solution ppT: 3,7-dinitro-1,3,5,7-
[11], DPT resulted from HMTA nitrolysi§12] with subse- tetraazabicyclo[3.3.1Jnonahe
quent recrystallization from dimethyl sulfoxide, TMTA was [2
prepared according to a known proced{&8] and recrys- /
tallized from pentanol, DADN was a product of the 3,7- /I}\
diacetyl-1,3,5,7-tetraazabicyclo[3.3.1]nonane nitroly&#H 6 /1\f1 N. 5
with subsequent crystallization from dimethylformamide, O2N 3o,
and a-HMX resulted from the nitrolysis of DADN15]. 1 —-0.3330
RDX was a commercial product of HMTA nitrolysis by nitric 2 —0.4103
acid in the Special Production Plant of the Slovak Company i :8’2%2
Chemza Stzske (a member of CHEMKO holding). Ammo- 5 06610
nium nitrate was used in quality “pro analysis”; the onsetofits g 0.6610
exothermic decomposition at the heating rate ®€%nin—! TMTA:
was at 216C and the peak was at 278. 1,3 5-trinitroso-1,3,5-triazinafie
5
2.2. Differential thermal analysis IT'O
IN
We used a DTA 550 Ex apparatiss7,16]specially devel- 3 r w 2
oped at the Department of Theory and Technology of Explo- ON/N\/N\NO
sives for thermal analyses of explosives. The measurements 6 4
were carried out at atmospheric pressure, the tested sample 1 —0.2717
being in direct contact with the air atmosphere. The sam- 2 :gg‘?‘g
ple tested (0.05g) was placed in a test tube made of Simax 01867
glass, 5mm in diameter and 50 mm in length. The reference g 0.1903
standard was 0.05g aluminum oxide. We used linear rates 6 0.1868
of temperature increase, viz. 5, 10, and'Cinin~1. The re- RDX: 1,3 5-trinitro-1,3 5-triazinarfe
sults of these measurements were treated by means of thi 5
software delivered with the DTA apparat[ist]. The mea- 1\|102
surements were realized with pure substances and with theit 1\
mixtures with 2 wt.% of AN. Examples of the corresponding 3 ( 2
DTA records are presentedffigs. 1-7 The results obtained  o,N NN “NO,
were treated using the Kissinger metHa&d]; the treatment 6 4
for pure substances is graphically presente&ign 8 The ! —0.3435
"t . X 2 —-0.3435
valuesEgR™* thus obtained (see ifable 1wherer is a cor- 3 _0.3435
relation coefficient) were then plotted against the results of 4 06771
the calculation of electronic chargeg, at nitrogen atoms 5 06771
6 06771

(Figs. 9-1).
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Table 1 (Continued
N gV (electron)

DADN: 1,5-diacetyl-3,7-dinitro-
1,3,5,7-tetrazocafie

0,

Z/Zu:

1
( ~\.2_COCH;

N
4

CH;0C” 4\__y
\
6
1 —0.3138
2 —0.4936
3 —0.3264
4 —0.4651
5 0.6374
6 0.6720
HMX: 1,3,5,7-tetranitro-1,3,5,7-
tetrazocanfe
8
O:N
4 5
1
(I \k-No,
7
O,N /kN%
\
NO,
6
1 —0.3022
2 —0.3015
3 —0.3022
4 —0.3015
5 0.6850
6 0.6829
7 0.6850
8 0.6829

a E,R1=28314K,r2=0.9507 (pure);E;R"1=32990 K, r>=0.8116
(AN1st); EgR1 = 48456 K,r2 =0.9880 (AN2nd).

b E;R1=27434K, r2=0.9977 (pure);EaR"1=24748K, r2=0.8857
(AN1st); EgR~1=14430K,r2=0.9880 (AN2nd).

¢ E;R1=15572K, r2=0.9379 (pure);E;R1=14346K, r>=0.9253
(AN1st); EjR1=16661K,r2=0.9828 (AN2nd).

d E;R1=32211K, r2=0.9980 (pure);E;R1=35190K, r2=0.8596
(AN1st and AN2nd).

€ E;R1=28085K, r2=0.9975 (pure);EsR"1=22079K, r2=0.9977
(AN1st); E;R"1=30114 K,r2=0.9949 (AN2nd).

f E;R"1=36766K, r2=0.9955 (pure);EsR"1=20703K, r2=1.0000
(AN1st); E;R"1=50017 K,r2=0.9724 (AN2nd).

In the cases of DPT, DNPT and TMTA we also used

13

the Mulliken population analysis of electron densities ob-
tained at ab initio level by DFT B3LYP/6-31Gmethod19].

The calculation provided by total optimization the equilib-
rium geometry of an isolated molecule in the gas phase at
0K. A survey of the compounds studied, their codes and the
results obtained are presentediable 1

3. Results and discussion

As shown in the study7], an addition of 2wt.% AN to
DPT results in a stability decrease of the final mixtuiig(2).

Also the DNPT sample with the same additive exhibits a very
lowered thermal stability (se€ig. 3), which was already ob-
served earlief9] with a sample containing only 0.17 wt.%
AN. It was pointed ouf7] that the explosion of DNPT oc-
curred in the region of IlI-Il polymorphous transition of AN
(above 84.2C, see also Ref9]), while the onset of DPT
decomposition is situated in the region of lI-l polymorphous
transition of AN (125.2C). The reactivity of DNPT is higher
(asinthe case of DPT and for the same reason) as in the case
of their hydrolysis (acidolysis)7]. From the point of view

of molecular structure, both substances are ManNitlases,
which is reflected in their reactivity, tq@]. The DTA records

in Figs. 2 and 3how that after the present amount of AN has
reacted (the first peak of exothermic decomposition), the de-
composition of sample is interrupted (as it is the case with
DNPT) or considerably suppressed (DPT).

Acidolysis of DPT and DNPT with nitric acid can be a
potential cause of decomposition in the temperature region
of the first exothermic peak of these compounds (DNPT is
explosively decomposed on contact with mineral 4¢i@]).

In solid state, ammonium nitrate is dissociated according to
the following equilibrium[1,2,20-23]
NH4NO3 = NHz(g) + HNOg( g (2)

The temperature dependence of the dissociation constant was
described21] over the temperature range in which crystalline
phase IV of AN is stable{17-32°C). Areal sample of crys-
talline AN always contains moisture, which cannot be re-
moved[22]. Besides that, it always also contains its eutectic
mixture with its dissociation producf2]. Thus, the primary

step in decomposition of DNPT or DPT should consist in in-

isothermal DTA and three temperatures for each sample. Theteraction of tertiary aza atoms No. 2 in their molecules (see

results were treated in the sense of relafsi:
Int=ERT)'+C 1)

wherer isthe induction period of thermal explosion of sample
in seconds, ané the activation energy of this process. The
isothermal DTA results are presentedlable 2

2.3. Electronic charges at nitrogen atoms

The calculation of electronic charge™$ at nitrogen atoms

Table ) with nitric acid as generally expressed®gheme 1

with consecutive splitting of the ammonium cation (in this
caseR can be CH, ON, CH;CO or ON). The splitting in
both following compounds should start by replacement of ni-
trosonium cation from TMTA molecule by the proton of ni-
tric acid and by the protonation of acetamido grouping in the
DAND molecule (i.e. protonation of 2-nitrogen; s&zble J);

this stands in accordance with the first exothermic peaks in
Figs. 4 and 6The above-said facts are confirmed by the re-
lationship between the charges of the nitrogen (aza) atoms

of the compounds investigated was carried out by means ofprimarily attacked and the slopes of the Kissinger relation-
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Table 2
Results of isothermal DTA (processing according to the(E}.
Mixture Isothermal exposition Note
Temperature®C) Induction period (s)
DNPT + AN 60 3099 Thermal explosion with activation energy
E=72.7kImot?
65 2643
80 740
DPT+AN 120 321 Relatively slow and incomplete
decomposition—processing according to Eq.
(1) is impossible
125 297
130 300
TMTA+AN 90 666.9 Faster decomposition with activation energy
E=106.9 kJ mot?!
100 1143
120 385
..—CQQ . —CQQ
& ]
.—CH,—NI + HNO; =——— .—CH,—NZH + NOj
R R
.—CH, -
..—CHQ—\NQH — .—CH;—N-H + R®
/
R

Scheme 1. Primary attack of the nitrogen (aza) atoms by nitric acid produced from dissociation of ammonium nitrate according to e(®)ilibrium

ship,EqR 1, for the peak of their first exothermic decompo- Nitrogen (aza) atom having the most negative value of charge
sition. This relationship is documentedFiy. 9. There, the 0" (nitrogen atoms No. 2 iffable 9, which does not carry
data of DNPT and DPT correspond to the reactions with AN @ nitroso or a nitro group. Also the data of RDX correlate
in solid phase, and the data of DADN correspond with the With the set mentioned, this substance reacting with AN melt
reaction of the solid substance with the melt of AN. The pri- in the temperature region at the beginning of its melting; the
mary attack of proton upon these molecules takes place at theP€ak of the first exothermic decomposition of RDX is only

A
[s]
|
18]
O
O
[=
iy
o, —HMX + AN 15°C/min
A\ oL —HMX: + AN 10°C/ min

oL —HMX + AN 5°C/min

I a

150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Temperature [°C]

Fig. 1. DTA-records oft-HMX.
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Exo

Endo

DPT + 2% AN

DPT

AN

T v e SRAEE ) 45, a0 T 21 TR ¥ A 50 B N B N T N R LB 4 = 1 =
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
Temperature [°C]

Fig. 2. Mutual comparison of the DTA-records of ammonium nitrate (AN), pure 3,7-dinitro-1,3,5,7-tetraazabicyclo[3.3.1]Jnonane (DPT) andfriiftlre
with 2 wt.% of AN for linear rate of temperature increasemin.

slightly indicated—se&ig. 5. What has been said indicates salt of strong acid, namely with ammonium perchlorate, is
that in the initiation of thermal decomposition of the mixture mentioned in Ref{24]. From of all substances studied, only
of RDX and AN, the acidolysis of the mentioned nitramine TMTA reacts with solid AN in melt from the very beginning
plays a significant role. The less distinct peak of acidolysis- (Fig. 4). The primary reaction of TMTA, HMX and RDX
oxidation reaction of AN with HMX Figs. 1 and Y can be with AN should begin by replacement of nitroso and/or nitro
due to the prevailing decomposition of AN into nitrogen (I) groups by the hydrogen atom of nitric acid; that is why the

oxide and watef1,2,20-23]at temperatures above 216@; data of these substances form a single s€ign9.
this is supported by the position of the curve of the prominent  The DTA recordsigs. 1-7 show that, except for RDX,
exothermic decomposition of AN, e.qg.figs. 6 and 7A sim- this primary acidolysis-oxidation reaction is not transformed

ilar interaction of RDX and HMX with another ammonium into a spontaneous decomposition of the whole sample. The

Exo

=3
o
=
w
Y DNPT + 2% AN
DNPT
AN
B S R S T T —— L B ——r r—
40 60 80 100 120 140 160 180 200 220

Temperature [°C)

Fig. 3. Mutual comparison of the DTA-records of ammonium nitrate (AN), pure 3,7-dinitroso-1,3,5,7-tetraazabicyclo[3.3.1]Jnonane (DNPTuaadimixt
DNPT with 2wt.% of AN for linear rate of temperature increaseCsnin—1.
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Exo

Endo

TMTA + 2% AN \)
Y
4 TMTA K
AN i al

160 180 200 220

40 60 80 100 120 140
Temperature [°C]

Fig. 4. Mutual comparison of the DTA-records of ammonium nitrate (AN), pure 1,3,5-trinitroso-1,3,5-triazinane (TMTA), and mixture of TMTA with 2 wt

of AN for linear rate of temperature increaseGmin.

risks of this reaction were verified for the most reactive sub- for DNPT in the sense of Eq1), i.e. 72.7kJmot?, lies
stances, i.e. DPT, DNPT and TMTA by means of the method between the values for pure (i.e. 80.1 kJ mdB7]) an tech-

of thermal explosiofiL8] using isothermal DTA (seEable 2. nical product (68 kJmoi! [38]) determined in the condi-
According to results of this method, the temperature region tions of the corresponding blowing agents production but in
of occurrence of acidolysis-oxidation reaction is a limiting temperature range 180—-210. Nevertheless, DTA onsets of

factor of stability of all these samples contaminated with am- this DNPT thermal decomposition under the conditions were
monium nitrate. However, in the case of the mixture of DPT 130-145C [37].

with AN, the decomposition in the given temperature region ~ The thermal decomposition of the substances studied
is relatively slow and incomplete. Tlevalue, obtained here  (in their pure state) starts with homolysis of-N bond

Exo

Endo

A4 RDX + 2% AN

RDX

AN

260

" T T T T ‘ T — : —
40 60 80 100 120 140 160 180 200 220 240
Temperature [°C]

Fig. 5. Mutual comparison of the DTA-records of ammonium nitrate (AN), pure 1,3,5-trinitro-1,3,5-triazinane (RDX), and mixture of RDX with 2 wt.% of

AN for linear rate of temperature increaseé®min—1.
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Exo

Endo

DADN +2% AN J\—’;j/)

DADN
A
AN
| iR FRERLEIR S R SRR LT 0 T GRS  FREAISS S Fo SR AU £ TS LA Rl 7 SAdnEUE 12 T AL IR e o HLELEES 55 (LRI BN MlisS = |
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

Temperature [°C]

Fig. 6. Mutual comparison of the DTA-records of ammonium nitrate (AN), pure 1,5-diacetyl-3,7-dinitro-1,3,5,7-tetrazocane (DADN), and nmbDaAN of
with 2wt.% of AN for linear rate of temperature increasdg@min—1; published melting point of pure DADN is 26& [14].

[22,25-28] In the case of nitramines, a relationship was groups (for those of the pure substances,Bgel0. These
found between th&;R~! values and charges at nitrogen aza atoms are parts of molecular skeletons, and the values of
atoms of the leaving nitro groufi28]. However, the primarily ~ charges located at them are thus also distinctly affected by
leaving groups (nitroso and nitro groups with the most pos- the conformation of molecule. Mutually similar conforma-
itive gN values) in the molecules of the compounds studied tions of molecules of DPT29] and DNPT[30] differ from

are chemically heterogeneous. Therefore, the present papethose of RDX[31], DADN [32], TMTA and 3 polymorph of
adopts, for deriving an analogous relationship, the chargesHMX [33] (a demonstrable thermolysis of the HMX poly-

at nitrogen (aza) atoms—-“carriers” of the primarily leaving morphs takes place in the temperature region of formation of

' Exo

Endo

OL — HMX + 2% AN

O —HMX A

AN

—_—1T——T——TTTT ————— ‘
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Temperature [°C]

Fig. 7. Mutual comparison of the DTA-records of ammonium nitrate (AN), pwraodification of the 1,3,5,7-tetranitro-1,3,5,7-tetrazocane (HMX), and
mixture of HMX with 2 wt.% of AN for linear rate of temperature increaseCmin—?.
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9,2
] TMTA
y =-15572x + 23,166
PR
9,6 R¢ = 0,9999 b !
+ DPT
h y = -27434x + 48,691
9,8 1 ! R2 = 09977
DADN o o-HMX '
104 y=-28085x040,7 % | ¥ '32266“0;;;:49 ¢
a R? = 0.9975 = ‘|
= -10,24
£
-10.4 RDX
' y =-32211x + 55,242
R2=0,998
-10,6 |
‘. -]
DNP
-10,8 4 y =-28314x + 49,699
R2 = 0,95073
-11
-11,2 T T T T T
0,0017 0,0018 0,0019 0,002 0,0021 0,0022 0,0023
T1K?

Fig. 8. DTA results treated using the Kissinger metfibd for pure substances, here @ is the rate of temperature increa3astite peak temperature.

its & polymorph because the liquid phase of HMX is unsta-
ble[34-36)). However, as follows fronfrig. 1Q it is possible

to find mutual similarities of conformations in the reaction
centers of molecules of TMTA, DADN and RDX, and fur-
thermore, molecules of DPT, DADN adeHMX. These facts

oxidation reaction, the decomposition in the non-reacted por-
tions of the substance should again begin (continue) by ho-
molyses of N-N bonds. This is documented#iig. 11, where

the dependence for TMTA, DADN and RDX has practically
the same shape as thatkig. 10 The thermal decomposi-

are reflected in the indicated dependences in this figure. Af-tions of TMTA, DADN and RDX take place in liquid phase
ter the AN present has been consumed in the first acidolysis-(the melting point of DADN, i.e. 265C [14], in the DTA

-0,2
-0,25
TMTA(@)
o
034 TR e HMXTS) y = -3E-06x - 0,2349
S s R2=0,994
R ~c-e—._._._ RDX(123)
® 0,35 - =
e RDX(1,2,3)
] S
) .
s DNPT(2
£ 0 5 DNPT(2)
8 DPT(24) .-
© y=-3E-06x - 0,6652
- S
-0,45 4 R® =0,8057
DADN(2)
-0,5 - =
-0,55 T T T T 13
10000 15000 20000 25000 30000 35000 40000
Kissinger slope E,A" 1K

Fig. 9. Relationship between electronic charg&sit aza atoms, primary attacked by proton from nitric acid, and slBgRs® of the Kissinger's relationship
for the first exothermic reaction of the substances contaminated by AN — numbers in parenthesis correspond to the nitrogen atoms in molecule according
Table 1
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0,25
0,27 s DNPT(3)
TMTA(1) :
I
i
-0,29 o :
I
: ~HMX(1,3
2 | B
= I
o ] !
4 R.a1 y = -4E-06x - 02157 :
5 ¥ = 0aTn ! P y = -4E-06x - 0,3885
! DADN@3)...--" R? = 0,9758
L.
-0,33 4 i pAoNe)
DPT(3)
DPT(3)
¢ RDX(1,2,3)
-0,35 1
-0,37 T T T T T
15000 20000 25000 30000 35000 40000 45000

Kissinger slope EaR’1 /K

Fig. 10. Relationship between electronic charg¥sat aza atoms, bearers of the first outgoing nitroso or nitro groups, and &igRes of the Kissinger's
relationship for exothermic decomposition of the pure substances — numbers in parenthesis correspond to the nitrogen atoms in moleculeEadaerdling to

-0,25

-0,26 4
-0,27 -8 DNPTY)
TMTA(1) T

-0,28 - e
y = -4E-06x - 02181 s
0,29 4 R? = 0,9907 T

o-HMX(1,3)
L]

L

.—-="""  y=-4E-06x - 03483
i R? = 0,9386

-0,3 4

Charge q /e

-0,31
-0,32 1

033 4 oPT(3) .~
; Lz
0.3 | DPT(3)
RDX(1,2.3)

-0,35 T T T T T
10000 15000 20000 25000 30000 35000 40000 45000 50000 55000

Kissinger slope EaH" /K

Fig. 11. Relationship between electronic chargps,at aza-nitrogen atoms, “carriers” of the first outgoing nitroso or nitro groups, and sigRe$ of the
Kissinger's relationship for the second exothermic reaction of the substances contaminated by AN — numbers in parenthesis correspond todtamstroge

in molecule according tdable 1

record is overlapped by its exothermic decomposition—see 4. Conclusion

Fig. 6), which can be the reason of the facts mentioned; in
these cases the effect of state of aggregation of the sampleson DPT, DNPT, TMTA, RDX, DADN, and HMX are tech-

theEqR 1 values makes itself felt. The condensed products of nologically and otherwise interesting substances synthesized
acidolysis-oxidation reaction cause a lowering of the values from 1,3,5,7-tetraazabicyclo[3.3.1]nonane (HMTA). In the
of onsets of the peaks of the second exothermic decomposi-syntheses of some of them, their processing and application,

tion of the substances studied in contrast to the onsets of purét is possible that they come into contact with ammonium ni-
substances (sd€gs. 2—7. trate (AN), or they are directly mixed with this oxidizer. The
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resulting mixtures exhibit increased thermal reactivity com- [9] S. Zeman, Some Problems of Dinitrosopentamethylenetetramine

pared with the pure compounds. Such an increase is promi-  (DNPT) Production, Res. Report 7503863VTEI-STK Prague,

nentwith the mixtures of AN with energetic Mannikbases 1975 (in Czech). )
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