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Abstract The compatibility of poly(3-nitromethyl-3-
methyloxetane) (PNIMMO) with some energetic materials
are studied by using pressure DSC method in detail. Cyclo-
tetramethylenetetranitroamine (HMX), cyclotrimethylene-
trinitramine (RDX), nitrocellulose (NC), nitroglycerine
(NG), N-nitrodihydroxyethylaminedinitrate (DINA), and
aluminum powder (Al) are used as common energetic
materials, and 3,4-dinitrofurzanfuroxan (DNTF), 1,3,3-
trinitroazetidine (TNAZ), hexanitrohexazaisowurtzitane
(CL-20), 4,6-dinitro-5,7-diaminobenzenfuroxan (CL-14),
1,1-diamino-2,2-dinitroethylene (DADNE), and 4-amino-5-
nitro-1,2,3-triazole (ANTZ) are used as new energetic
materials. The results show that the binary systems of
PNIMMO with HMX, RDX, NC, NG, DINA, Al, CL-14 and
DADNE are compatible, with TNAZ, CL-20 and ANTZ are
slightly sensitive, and with DNTF is sensitive.

Keywords PNIMMO - Compatibility - Energetic
materials
Introduction

Poly(3-nitratomethyl-3-methyloxetane) (PNIMMO) is an
energetic pre-polymer consisting of a nitrated ester group
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and an ether linkage (as shown in Scheme 1) [1], and can
be used as an energetic binder in low vulnerability gun
propellants, high impulse rocket propellants, elastomer
modified double-base propellants, and high energy poly-
mer-bonded explosives [2-7].

There are some reports on thermal behaviors of
PNIMMO [7-11], and it has been found that PNIMMO
decomposed readily to form gases under thermal condi-
tions and was aging, both leading to voids in propellant or
explosive compositions. If these compositions are then
violently stimulated, the voids may collapse adiabatically
forming hot spots which could lead to ignition. Degrada-
tion of PNIMMO can lead to an increase in its cross-
linking density, resulting in being hard and brittle for a
binder. This brittle binder would be vulnerable to shock
waves which could result in an unwanted detonation.
Degradation of PNIMMO can also lead to a decrease in its
cross-linking density. Here plastic flow may arise resulting
in changes to the surface area and burning characteristics.

Therefore, compatibility of PNIMMO with energetic
materials in propellants or explosives is most important
aspects of PNIMMO in practical application. However,
investigations on these two aspects are rarely reported.
Therefore, this study is to investigate the interactions and
compatibilities between PNIMMO with some common and
new energetic materials under the non-isothermal condition
by means of pressure DSC technique [11-17].

Experimental
Materials

PNIMMO was prepared by Xi’an Modern Chemistry
Research Institute, which purity was more than 99.4%,
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Scheme 1 Molecular structure

ONO,
of PNIMMO

s

M, = 3400—-3500, f, = 1.753. Cyclotetramethylenetetrani-
troamine (HMX), cyclotrimethylenetrinitramine (RDX),
nitrocellulose (NC, 12.0% N), nitroglycerine (NG), N-nitro-
dihydroxyethylaminedinitrate (DINA) and aluminum powder
(Al, dsop = 10.48 um) as common energetic materials
were all industrially produced; 3,4-dinitrofurzanfuroxan
(DNTF), 1,3,3-trinitroazetidine (TNAZ), hexanitrohex-
azaisowurtzitane (CL-20), 4,6-dinitro-5,7-diamino benzenf-
uroxan (CL-14), 1,1-diamino-2,2-dinitroethylene (DADNE),
and 4-amino-5-nitro-1,2,3-triazole (ANTZ) as new energetic
materials were synthesized by Xi’an Modern Chemistry
Research Institute with all analytically pure. The structures of
all the energetic materials are shown in Scheme 2.

The energetic material with weight of 2.0 g was dis-
solved in 10 mL solution of acetone and ethyl acetate with
volume ratio of 2:1, respectively; and PNIMMO of 4.0 g
dissolved in 20 mL the same solution. The solutions with
PNIMMO and energetic material were mixed equably with
volume ratio of 1:1, solvent volatilized by inches, and the

mixtures PNIMMO and energetic materials with 50%
PNIMMO were obtained.

Experimental equipments and conditions

All measurements were made with a model Netzsch DSC
204 HP differential scanning calorimeter (Germany).

The conditions for DSC measurements were as follows:
sample mass, about 2.0 mg; heating rate, 10.0 °C min_l;
atmosphere, static nitrogen, 1.0 MPa. The PNIMMO,
energetic material or their mixture with weight of 2.0 mg

was sealed in a sealed aluminum cell.

Results and discussion

Compatibilities of PNIMMO with some common
energetic materials

Typical DSC curves of the binary systems 1-6 are shown
in Fig. 1. Their maximum exothermic peak temperatures
are shown in Table 1, and the evaluated standards of
compatibility for explosive and contacted materials [16,
17] are listed in Table 2.
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Table 1 Data of the energetic materials and 50/50-PNIMMO/common energetic material binary systems obtained by pressure DSC

System Rating

Mixture system Single system Tp,/°C Tp/°C ATp/°C
50/50-PNIMMO/HMX PNIMMO 218.1 218.2 0.1
50/50-PNIMMO/RDX PNIMMO 228.5 218.2 —10.3
50/50-PNIMMO/NC NC 207.1 208.5 1.4
50/50-PNIMMO/NG NG 206.0 203.1 -29
50/50-PNIMMO/DINA DINA 210.9 208.6 -2.3
50/50-PNIMMO/A1 PNIMMO 218.5 218.2 —-0.3

Mixture system, 50/50-PNIMMO/energetic component binary system; Single system, the component with its exothermic peak temperature
smaller than another one in a two-component system; 7p;, the maximum exothermic peak temperature of single system; 7p,, the maximum

exothermic peak temperature of mixture system; ATp = Tp,

- TPZ

From Fig. 1, Tables 1 and 2, the following observations

can be made.

The DSC curve of PNIMMO shows the main decom-
position process in the temperature range of
186-238 °C with only one exothermic peak tempera-
ture of 218.2 °C, where the solid intermediate product

CHs

%Cf(‘lioio% and the gas products of CO, NO,
Ho * Hy n

HNCO, N,O, NO,, and HNO, are formed [9].

The DSC curve of HMX consists of two endothermic
peaks and one exothermic peak. The first peak at
200.3 °C is due to the crystal transformation from o to
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Table 2 Evaluated standards of compatibility for explosives and contacted materials

Criteria Rating Note

ATp/°C

Less than or A Compatible or good

equal to 2 compatibility

3-5 B Slightly sensitized or fair
compatibility

6-15 C Sensitized or poor
compatibility

>15 D Hazardous or bad
compatibility

Safe for use in any explosive design
Safe for use in testing, when the device will be used in a very short period of time; not to be
used as a binder material, or when long-term storage is desired

Not recommended for use with explosive items

Hazardous. Do not use under any conditions

0, and the second endothermic peak at 280.3 °C is due
to the phase change from solid to liquid. The exother-
mic peak at 281.9 °C is caused by the rapid decompo-
sition reaction. Affected by the decomposition process
of PNIMMO, the crystal transformation peak of HMX
moves to 193.8 °C during the heating course of binary
system of PNIMMO-HMX, and the phase change
vanishes. During the decomposition of the PNIMMO-
HMX system, part of PNIMMO decomposes at
218.1 °C, part of HMX at 282.6 °C, and the dissolved
mixture of PNIMMO and HMX decomposes at
237.3 °C.

Both of the endothermic peaks of RDX and PNIMMO-
RDX DSC curves are caused by the phase change of
RDX from solid to liquid. Similarly, the endothermic
peaks of DINA and PNIMMO-DINA are also caused
by the phase change of DINA from solid to liquid.

At the beginning of the decomposition of the PNIM-
MO-RDX system, both exothermic decomposition and
endothermic phase-changes take place simultaneously
in the temperature range of 200-206 °C, and then, the
dissolved mixture of PNIMMO and RDX decomposes
rapidly with peak temperature of 228.5 °C.

Because of the competition between the exothermic
decomposition rates of both NG and the dissolved
mixture of PNIMMO/NG, and of both DINA and the
dissolved mixture of PNIMMO/DINA, a small cuspate
peak presents itself before the presence of the strong
exothermic peak in PNIMMO-NG or PNIMMO-DINA
system.

Decomposition processes of NG and DINA are delayed
by addition of PNIMMO, and the decomposition
process of PNIMMO postponed by mixing of RDX,
and the decomposition process of PNIMMO is, how-
ever, little affected by blending of Al. Thus, the
maximum exothermic peak temperature difference
(AT,) between NG, DINA or PNIMMO and PNIM-
MO-NG, PNIMMO-DINA, PNIMMO-RDX, or
PNIMMO-AI are —2.9, —2.3, —10.3, and —0.3 °C,
respectively. According to the standards of compati-
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bility evaluated in Table 2, it is concluded that the

binary systems PNIMMO-NG, PNIMMO-DINA,
PNIMMO-RDX, and PNIMMO-Al have good
compatibility.

The DSC curve of binary system PNIMMO-NC shows
that there is a receivable effect on the decomposition
process of PNIMMO and NC by mixing and dissolving
of PNIMMO and NC. The values of AT, are 1.4 °C
between NC and PNIMMO-NC, 0.1 °C between
PNIMMO and PNIMMO-HMX, which indicate good
compatibility between PNIMMO with NC and HMX,
too.

The compatibility of the binary systems of PNIMMO/
common energetic material decrease in the order
2>4>5>6>1>3.

The relative thermal stability of the binary systems of
PNIMMO/common energetic material decrease in the
order2>6~1>5>3>4.

Compatibility of PNIMMO with some new energetic
materials

Typical DSC curves of systems 7-12 are shown in Fig. 2,
their maximum exothermic peak temperatures are shown in
Table 3.

From Fig. 2, Tables 2 and 3, the following observations

can be made.

The endothermic peaks of DNTF, PNIMMO-DNTF,
TNAZ, and PNIMMO-TNAZ DSC curves are caused
by the phase change of DNTF and TNAZ from solid to
liquid, while the endothermic peaks of DADNE and
PNIMMO-DADNE are caused by the solid—solid phase
transition of -DADNE to y-DADNE.

The DSC curve of PNIMMO-DNTF shows that there is
an obvious interaction between PNIMMO and DNTF.
The mixture of PNIMMO and DNTF (liquid) decom-
poses slowly with the onset temperature (7,) of
147.8 °C and a wide exothermic peak reattaches itself
in the DSC curve of the PNIMMO-DNTF system,
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Table 3 Data of the energetic materials and 50/50-PNIMMO/new energetic material binary systems obtained by pressure DSC

System Rating

Mixture system Single system Tp,/°C Tp/°C ATp/°C
50/50-PNIMMO/DNTF PNIMMO 205.5 218.2 12.7
50/50-PNIMMO/TNAZ PNIMMO 215.1 218.2 3.1
50/50-PNIMMO/CL-20 PNIMMO 215.2 218.2 3.0
50/50-PNIMMO/CL-14 PNIMMO 220.2 218.2 —-2.0
50/50-PNIMMO/DADNE PNIMMO 218.5 218.2 —-0.3
50/50-PNIMMO/ANTZ PNIMMO 2134 218.2 4.8

The meanings of marks in this table are same as those in Table 1

while values of T, of neat PNIMMO and DNTF are

186.2 and 251.3 °C, respectively.

Similar to the binary systems PNIMMO-NG and

PNIMMO-DINA, there is an exothermic shoulder peak
before the main exothermic peak of the PNIMMO-
TNAZ system, which is caused by the overlapping of

the exothermic decomposition of TNAZ and the

dissolved mixture of PNIMMO/TNAZ.

Similar to the decomposition process of system
PNIMMO-HMX, there are three exothermic peaks in
the DSC curve of PNIMMO-CL-14 system, which
corresponds to the decomposition of part of PNIMMO
at 220.2 °C, of part of CL-14 at 307.9 °C and of the
dissolved mixture of PNIMMO and CL-14 at 263.2 °C.
From the DSC curves of PNIMMO, DADNE, and
PNIMMO-DADNE system, it can be seen that there is
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little effect on the decomposition process of PNIMMO
by DADNE, while the decomposition of DADNE is
obviously accelerated by the addition of PNIMMO,
with first exothermic peak moving from 239.0 to
232.8 °C and the second one from 294.0 to 266.1 °C.

e The DSC curve of binary system of PNIMMO-CL-20
shows that most of CL-20 decomposes rapidly, together
with PNIMMO decomposition in the temperature range
of 187-226 °C with peak temperature of 215.2 °C, and
the remainder CL-20 decomposes till 257 °C. Simi-
larly, most of ANTZ decomposes rapidly together with
PNIMMO, with temperature peak at 213.4 °C, and the
remainder ANTZ decomposes at 267.7 °C.

e According to the standards of compatibility evaluated
in Table 2, it is considered that the binary systems
PNIMMO-CL-14 and PNIMMO-DADNE have good
compatibility with AT, of —2.0 and —0.3 °C, respec-
tively.

e The values of AT, between PNIMMO and PNIMMO-
CL-20, PNIMMO-TNAZ and PNIMMO-ANTZ are
3.0, 3.1, and 4.8 °C, respectively. These phenomenons
indicate that the decomposition reaction of the mixtures
is easily to take place and the mixtures have fair
compatibility.

e The value of AT, between PNIMMO and PNIMMO-
DNTF is 12.7 °C, showing that the increase of the rate
of the decomposition reaction or reactivity and the poor
compatibility of the mixture.

e Both of the compatibility and the relative thermal
stability of the binary systems of PNIMMO/new
energetic material decrease in the order 10 > 11 > 9
>8>12>17.

Conclusions

The reactivity or compatibility of the PNIMMO-energetic
material mixture under the liner temperature increase
condition at a heating rate of 10.0 °C min~' at 1.0 MPa
had been investigated by means of pressure differential
scanning calorimetry. According to the evaluated standard
of compatibility, it can be concluded that the PNIMMO-
HMX, PNIMMO-RDX, PNIMMO-NC, PNIMMO-NG,
PNIMMO-DINA, PNIMMO-AIl, PNIMMO-CL-14, and
PNIMMO-DADNE binary mixtures have good compati-
bility, however, the PNIMMO-TNAZ, PNIMMO-CL-20,
and PNIMMO-ANTZ binary mixtures have fair compati-
bility and the PNIMMO-DNTF binary system has poor
compatibility.
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