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BINARY EUTECTICS FORMED BETWEEN AMMONIUM
NITRATE AND AMINE SALTS OF 5-NITROTETRAZOLE
I. PREPARATION AND INITIAL CHARACTERIZATION

K.-Y. Lee
M. D. Coburn

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

We have found that both the ammonium salt of S-nitrotetrazole (ANT) and
the ethylenediamine salt of 5-nitrotetrazole (ENT) form eutectics with ammoni-
um nitrate (AN). Initial characterization and small-scale sensitivity tests
of COZ—ba1anced AN/ANT and AN/ENT formulations were performed; it was found
that both eutectics were less sensitive in all tests than pure ANT or ENT,
respectively. The phase diagrams of both mixtures were also determined. ANT
forms a eutectic with AN that melts at 121°C; the eutectic composition of the
AN/ANT system is 78.5 mol1% AN. The eutectic temperature and composition of
the AN/ENT system were found to be 110.5°C and 87.8 mol1% AN, respectively.
Thermal stability studies of the eutectics indicate that they are stable below
160°C and that thermal decomposition occurs slowly over a long period of time.

The detonation velocities of both eutectics, measured unconfined at
2.54-cm diameter, were found to be within 95% of those predicted by the

Kamlet-Jacobs method assuming ideal behavior.
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INTRODUCTION

Ammonium nitrate (AN) is an inexpensive and readily available oxidizer
used extensively in commercial explosives; thus, it has also received atten-
tion as a possible ingredient in military explosives. Unfortunately, one of
the disadvantages limiting the usefulness of AN is its nonideal behavior.
Over the past decade or so, a number of attempts have been made to obtain
ideal exp]bsive behavior from composites of AN with various fuels. The most
promising of these studies involves forming low-melting eutectics of the fuel
with AN1'3. The eutectics offer the advantage of being castable for mili-
tary appiications; the intimate mixing of the fuel with AN offers the best
opportunity for ideal performance, that is, for the fuel and AN to interact
and detonate as a single component rather than as two individual components.

The ammonium salt of 3,5-dinitro-1,2,4-triazole (ADNT) and AN formed a
Tow-meliting eutectic that was subsequently shown to perform as an ideal explo-
sive4. Work at Idos Corporation also demonstrated that fhe AN/ethylenedia-
mine dinitrate (EDD) eutectic system gave detonation 1ike that of a typical
high-powered mono-molecular exp1osive5. The finding that AN-based compo-
sites could be made to give near-ideal performance encouraged a continued
search for other, less-expensive ingredients that would form similar eutectics
or solid solutions with AN,

As other fuels are found and their performance with AN is studied, it
may be possible to make a correlation between ideal performance and some com-

mon characteristics of the additives. For instance, a positive heat of forma-

tion (AHf) of the fuel component may be an important parameter for ideal
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performance of eutectics with AN. This knowledge would allow a more scienti-
fic method for developing AN-based composite explosives than the current em-
pirical approach. Another advantage of studying composite systems is that
they provide an attractive alternative to synthesis of new explosives with de-
sirable properties. Also, experiments have shown that the rate of energy re-
lease in composite explosives can be controlled by variation of the composi-
tion and the particle size of the componentss.
The goal of the present work is to determine and characterize eutectics
of AN and salts of other nitroheterocycles with structures similar to that of
ADNT. We chose to study amine salts of S-nitrotetrazole because they are sim-
ilar to ADNT and are easy to prepare7.
The ammonium salt {ANT) was an attractive candidate because it has a
common ion with AN. We chose to study the ethylenediamine salt (ENT) because

of its similarity to £D0. In addition, both salts have a positive heat of

formation (AHf).

EXPLOSIVES PREPARATION AND EXPERIMENTAL PROCEDURES

Synthesis of Salts of 5-Nitrotetrazole

These salts were prepared by a modification of the procedure reported by
the Naval Surface Weapons Center7. The hazardous step of isolating the ex-

tremely sensitive copper salt of 5-nitrotetrazole has been eliminated and a
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one-pot process has been developed for obtaining a solution of the insensitive
sodium salt.  Thus, to a stirred solution of sodium nitrite (104 g, 1.5 mol),
cupric sulfate (55 g, 0.22 mol) in 300 m} water was added drop wise to a solu-
tion of 5-aminotetrazole (AT) (51.5 g, 0.5 mol), cupric sulfate (2 g, 0.008
mol) and concentrated sulfuric acid (51.0 g, 0.5 mol) in 700 ml water at
10-15°C. After stirring at room temperature for one hour, the resulting mix-
ture was adjusted to pH 9.5 with 50% sodium hydroxide .and heated at 70°C for
one hour t& convert the copper salt of 5-nitrotetrazole (CNT) to the sodium
salt (SNT) and cupric oxide (Reaction 1). The precipitated cupric oxide

was removed by filtration, and the yield of SNT was determined to be 96% by
spectrophotometry at 255 nm.7 The SNT solution was acidified with an equiv-
alent amount of concentrated sulfuric acid and extracted with trilaurylamine
)8,

(Alamine 304, R3N) in dichloroethane (DCE The organic extract was

Reaction 1

H\___ - Na®

N N =N NN

/ R\ ST\ I INE=Y \ NaOH_ /T

S NaNO N NS
N a0y N NNo, / N N0, + Cud

Cuso,
AT CNT SNT

dried (magnesium sulfate) and treated with anhydrous ammonia. The precipi-
tated ammonium salt (ANT) was collected by filtration, washed several times

with DCE, and dried to yield 53.5 g (81%) (Reaction 2).
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Reaction 2

NHT

H,S0 RN + NH
Nt 2 & N\ RVH O 3 C) + RN
DCE O 3
02 N 2 N 02
NT ANT (2)

To remove trace amounts of inorganic sulfate, the solid product was stirred
with methanol (250 ml1)} and filtered. The filtrate was evaporated ta dryness
to yield pure ANT. The purity was determined by the ammonia ion-selective-
electrode method9 to be 99.87%

If ethylenediamine is used instead of ammonia in the last step of Reac-
tion 2, the ethylenediamine salt of 5-nitrotetrazole (ENT) will be the final
product. ENT can also be prepared by addition of one equivalent of ethylene-
diamine to a methanol solution of two equivalents of ANT, followed by evapora-
tion of the solvent (Reaction 3). The yield of pure ENT by this method is

85%. NMR analysis showed the ENT to be free of impurities.

Reaction 3
+
NH,
2 o + HM(CH,) H, Methanol_ H;’N(CHZ)ZNH; 12 NH3\
'Cj NO, NG, |
ANT ENT (3)
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Small-Scale Sensitivity Tests

C02-balanced mixtures of both AN/ANT and AN/ENT were used for all the
tests; these mixtures were prepared by melting the mixed components together
in a beaker that was heated by an oil bath. The molten mixture was poured
quickly and spread evenly onto a sheet of Teflon to solidify. The tests were
performed according to standard procedures and the results are reported in

Table 1 along with those of two common explosives, RDX and TNT.

TABLE 1 Physical and Explosive Properties

ANT AN/ANT  ENT  ANJENT ROXa InT2
MELTING POINT (°C) 202pgc 121 221 110.5 205pgC 80.9
DTA STABILITY (°C) 200 200 216 200
DENSITY {g/ml) 1.57 1.55 1.806 1.654

VACUUM STABILITY

(ml/g/48h at 120°C) 1.2 0.4 0.5 2.4 0.12-0.9 .005
(m/g/48h at 100°C) 0.2

IMPACT SENSITIVITY (cm)

TYPE 12 30 56 42 78.8 28 148
TYPE 128 75 72 51 264 32 ~100
SPARK SENSITIVITY (J)

3-mil foil 2.66 2.68  1.70  2.30

10-mi1 foil 7.58 8.05  4.70 6.38

T Data obtained from B. Dobratz, LLNL Explosives Handbook
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Phase-Diagram Determinations

Stock samples for phase-diagram determination were prepared by weighing
and then mixing the appropriate amounts of salts with a mortar and pestie.
The mixture was ground in the presence of a small amount of methanol and evap-
orated to dryness to ensure homogeneous mixing. Slides were prepared for
phase~transition observation by melting a small amount of the stock sample
mixture on a slide, then cooling it immediately to room temperature. A
Carl Zeiss microscope, equipped with a Mettler Instrument AG Model FP-2 hot

stage accurate to 0.3°C, was used to observe phase transition.

Performance Tests

The detonation velocities of both the AN/ANT and AN/ENT formulations

were determined with 2.54-cm-diameter unconfined rate sticks.

RESULTS AND DISCUSSION

Eutectic Studies

We found that both the ammonium salt (ANT) and the ethylenediamine salt
(ENT) of 5-nitrotetrazole form eutectics with ammonium nitrate {AN) that melt
at 121°C and 110.5°C, respectively. The eutectic composition of AN/ANT is
78.5 moly AN {68.9 wt% AN) and that of AN/ENT is 87.8 moly AN (66.5 wt% AN).
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When these eutectic compositions are compared to the COZ—baWanced composi-
tions of 66.7 mol% AN for AN/ANT and 90 mol% AN for ANJ/ENT, the latter formu-
tation becomes very attractive from the economic viewpoint of utilizing the
greatest amount of AN in a C02—ba1anced composition, Also, the COZ’

balanced AN/ENT formulation offers the processing advantages of being close tc
the eutectic composition and having a relatively low melting point. The phase
diagrams of the AN/ANT and AN/ENT systems are given in Figures 1 and 2, re-

spectively.

Results of Sensitivity Tests

Results of the small-scale sensitivity tests of C02-ba1anced AN/ANT
and AN/ENT are given in Table 1; test results for the ideal explosives, TNT
and RDX, are listed for comparison. Both eutectics were less sensitive to im
pact and spark than were the respective pure fuel components. Note that the
vacuum stability of the AN/ENT mixture is only 0.2 mi/g/48h at 100°C, even
though it is 2.4 ml/g/48h at 120°C. We do not fee)l that the high number is a
indication of incompatibility between ENT and AN because the mixture is a
1iquid at 120°C and ENT is a solid at this temperature. The vacuum stability
of ANJENT is good at 100°C, where both ENT and the AN/ENT mixture are solid.
In addition, accelerating rate calorimetry {ARC) shows that the mixtures are
stable below 160°C and that the thermal decomposition occurs slowly over a

long period of time.
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FIGURE 1
Phase Diagram of AN/ANT System
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Performance Tests

The results of the detonation velocity measurements of COz-ba1anced
AN/ANT and AN/ENT are given in Table 2 along with the predicted values calcu-
lated by the Kamlet-Jacobs method (KSM)10 assuming ideal behavior. The
measured velocities of both systems are within 95% of those calculated by the
Kamlet-Jacobs method. The results may be somewhat lower than predicted be-
cause the tests may have been conducted near the failure'diameters of the eu-
tectics., Subsequent measurements at larger diameters are planned to clarify

this issue.
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TABLE 2 Heat of Formation and Detonation Performance Data

Density Heat of Formation, Dent  Pr_; gkbarg Velocity gkmfsg
Explosives (g/cm3) AHe (kcal/mol) (mm) measured KSM measured K

AN 1.725 -87.27 182 6.49
ANT 1.57 +4,7+0.2 211 7.20
ENT 1.55 +55.7+3 199 7.02
AN/ANT 1.607 3.88 221 247 7.36 7.73
(54.8 wt% AN)
AN/ENT 1.568 3.38 192 248 7.30 7.78
(66.5 wt% AN}
TNT2 1.64 -15 3.43 210 6.93
RDXa 1.77 +14.71 338 8.70

d Data obtained from B. Dobratz, LLNL explosives Handbook.
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