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BINARY EUTECTICS FORMED BETWEEN AMMONIUM 

1. PREPARATION AND INITIAL CHARACTERIZATION 

K.-Y. Lee 
M. D. Coburn 

Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

NITRATE AND AMINE SALTS OF 5-NITROTETRAZOLE 

We have found that both the amnonium salt o f  5-nitrotetrazole (ANT) and 

the ethylenediamine salt of 5-nitrotetrazole (ENT) form eutectics with ammoni- 

um nitrate (AN). 

of C02-balanced ANtANT and ANIENT formulations were performed; it was found 

that both eutectics were less sensitive in all tests than pure ANT or ENT, 

respectively. ANT 

forms a eutectic with AN that melts at 121'C; the eutectic composition of the 

AN/ANT system is 78.5 mol% AN. The eutectic temperature and composition of 

the AN/ENT system were found to be 110.5'C and 87.8 mol% 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 o f  time. 

Initial characterization and small-scale sensitivity tests 

The phase diagrams o f  both mixtures were also determined. 

The detonation velocities o f  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 n i t r a t e  (AN) i s  an i nexpens ive  and r e a d i l y  a v a i l a b l e  o x i d i z e r  

used e x t e n s i v e l y  i n  commercial exp los i ves ;  thus, i t  has a l s o  rece ived  at ten-  

t i o n  as a p o s s i b l e  i n g r e d i e n t  i n  m i l i t a r y  exp los i ves .  Un fo r tuna te l y ,  one of 

t h e  disadvantages l i m i t i n g  t h e  usefulness o f  AN i s  i t s  non idea l  behavior .  

Over t h e  p a s t  decade o r  so, a number o f  a t tempts have been made t o  o b t a i n  

i d e a l  e x p l o s i v e  behav io r  f r o m  composites o f  AN w i t h  va r ious  f u e l s .  

p romis ing  o f  t hese  s t u d i e s  i n v o l v e s  fo rm ing  low-mel t ing e u t e c t i c s  o f  t h e  f u e l  

w i t h  AN1-3. The e u t e c t i c s  o f f e r  t h e  advantage o f  be ing  cas tab le  f o r  m i l i -  

t a r y  a p p l i c a t i o n s ;  t h e  i n t i m a t e  m i x i n g  o f  t h e  f u e l  w i t h  AN o f f e r s  t h e  bes t  

o p p o r t u n i t y  f o r  i d e a l  performance, t h a t  i s ,  f o r  t h e  f u e l  and AN t o  i n t e r a c t  

and detonate as a s i n g l e  component r a t h e r  than  as two i n d i v i d u a l  components. 

The ammonium s a l t  o f  3,5-dinitro-1,2,4-triazole (ADNT) and AN formed a 

The most 

law-mel t ing e u t e c t i c  t h a t  was subsequent ly  shown t o  pe r fo rm as an i d e a l  explo-  

s i v e  . Work a t  Idos Corpora t i on  a l s o  demonstrated t h a t  t h e  AN/ethylenedia- 

mine d i n i t r a t e  (EDD) e u t e c t i c  system gave d e t o n a t i o n  l i k e  t h a t  o f  a t y p i c a l  

5 high-powered mono-molecular e x p l o s i v e  . The f i n d i n g  t h a t  AN-based compo- 

s i t e s  c o u l d  be made t o  g i v e  near - i dea l  performance encouraged a con t inued  

search f o r  o t h e r ,  less-expensive i n g r e d i e n t s  t h a t  would fo rm s i m i l a r  e u t e c t i c s  

o r  s o l i d  s o l u t i o n s  w i t h  AN. 

4 

As o t h e r  f u e l s  a r e  found and t h e i r  performance w i t h  AN i s  s tud ied,  i t  

may be p o s s i b l e  t o  make a c o r r e l a t i o n  between i d e a l  performance and some com- 

mon c h a r a c t e r i s t i c s  o f  t h e  a d d i t i v e s .  

t i o n  (bHf) o f  t h e  f u e l  component may be an impor tan t  parameter f o r  i d e a l  

Fo r  instance,  a p o s i t i v e  heat  o f  forma- 
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performance o f  eu tec t ics  w i t h  AN. 

f i c  method f o r  developing AN-based composite explosives than the  cur ren t  em- 

p i r i c a l  approach. 

they provide an a t t r a c t i v e  a l t e r n a t i v e  t o  synthesis o f  new explosives with de- 

s i r a b l e  p roper t ies .  

lease i n  composite explosives can be con t ro l l ed  by v a r i a t i o n  o f  t h e  composi- 

t i o n  and the  p a r t i c l e  s i ze  o f  the  components . 

This knowledge would al low a more s c i e n t i -  

Another advantage o f  studying composite systems i s  t h a t  

Also, experiments have shown t h a t  the r a t e  o f  energy r e -  

6 

The goal o f  t he  present work i s  t o  determine and charac ter ize  eu tec t ics  

o f  AN and s a l t s  o f  other n i t roheterocyc les  w i t h  s t ruc tu res  s i m i l a r  t o  t h a t  o f  

ADNT. 

i l a r  t o  ADNT and are easy t o  prepare . 
We chose t o  study amine s a l t s  o f  5 -n i t ro te t razo le  because they are sim- 

7 

The ammonium s a l t  (ANT) was an a t t r a c t i v e  candidate because i t  has a 

comnon ion  w i t h  AN. 

o f  i t s  s i m i l a r i t y  t o  EDD. 

format ion (hHf). 

We chose t o  study the ethylenediamine s a l t  (ENT) because 

In addit ion,  both s a l t s  have a p o s i t i v e  heat of 

EXPLOSIVES PREPARATION AND EXPERIMENTAL PROCEDURES 

a n t h e s i s  o f  Sa l ts  o f  5 -N i t ro te t razo le  

These s a l t s  were prepared by a mod i f i ca t i on  o f  the procedure reported by 

the  Naval Surface W,eapons Center'. The hazardous step o f  i s o l a t i n g  the  ex- 

tremely sens i t i ve  copper s a l t  o f  5 -n i t ro te t razo le  has been el iminated and a 
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one-pot process has been developed f o r  obtaining a so lu t ion  of t he  insens i t ive  

sodium s a l t .  Thus, t o  a s t i r r e d  so lu t ion  of sodium n i t r i t e  (104 g ,  1.5 m o l ) ,  

cupric s u l f a t e  (55 g ,  0.22 m o l )  in 300 ml water was added drop wise t o  a solu- 

t ion  of 5-aminotetrazole (AT)  (51.5 g ,  0.5 mol), cupric s u l f a t e  ( 2  g ,  0.008 

mol) and  concentrated s u l f u r i c  acid (51.0 g, 0.5 mol) in 700 ml water a t  

10-15°C. 

ture was adjusted t o  pH 9.5 with 50% sodium hydroxide a n d  heated a t  70'C f o r  

one hour  t b  convert t h e  copper s a l t  o f  5-n i t ro t e t r azo le  (CNT)  t o  t h e  sodium 

s a l t  (SNT) and cupr ic  oxide (Reaction 1). 

was removed by f i l t r a t i o n ,  and  t he  y i e ld  of SNT was determined t o  be 96% by 

spectrophotometry a t  255 nm.' T h e  SNT so lu t ion  was ac id i f ied  with an equiv- 

a l en t  amount of concentrated s u l f u r i c  acid and ex t rac ted  w i t h  tr i laurylarnine 

(Alamine 304, R 3 N )  i n  dichloroethane ( D C E )  . 

After s t i r r i n g  a t  room temperature f o r  one hour, the r e su l t i ng  mix- 

The prec ip i ta ted  cupric oxide  

8 The  organic ex t r ac t  was 

R e a c t i o n  1 

cuso4 
1 

CNT SNT AT 

dried (magnesium s u l f a t e )  and treated w i t h  anhydrous ammonia. The precipi-  

t a t ed  ammonium s a l t  ( A N T )  was co l l ec t ed  by f i l t r a t i o n ,  washed several  times 

with DCE, and dried t o  y i e ld  53.5 g (81%) (Reaction 2 ) .  
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Reaction 2 

ANT ( 2 )  NT 

To remove trace amounts o f  inorganic sulfate, the solid product was stirred 

with methanol (250 ml) and filtered. 

to yield pure ANT. 

electrode method to be 99.8%. 

The filtrate was evaporated to dryness 

The purity was determined by the ammonia ion-selective- 
9 

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. 

diamine to a methanol solution of two equivalents of ANT, followed by evapora- 

tion o f  the solvent (Reaction 3). 

85%. 

ENT can also be prepared by addition of one equivalent of ethylene- 

The yield o f  pure ENT by this method i s  

NMR analysis showed the ENT t o  be free of impurities. 

Reaction 3 

ANT 
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Small -Scale Sens i t i v i ty  Tests 

C02-balanced mixtures o f  both A N / A N T  and A N / E N T  were used f o r  a l l  the 

t e s t s ;  these mixtures were prepared by melting the  mixed components together 

in a beaker t h a t  was heated by an o i l  bath. The molten mixture was poured 

quickly and spread evenly onto a sheet of Teflon t o  so l id i fy .  

performed according t o  standard procedures and the r e s u l t s  a re  reported i n  

Table 1 along w i t h  those of two common explosives, R D X  and TNT. 

The t e s t s  were 

TABLE 1 Physical and Explosive Properties 

TNTa - RDXa - ANT AN/ANT ENT AN/ENT - 
MELTING POINT ('C) 2 0 2 ~ ~ ~  121 221 110.5 zo5DEC 80.9 

DTA STABILITY ('C) 200 200 216 200 

DENSITY ( g l m l )  1.57 1.55 1.806 1.654 

VACUUM STABILITY 
(ml/g/48h a t  120°C) 1.2 0.4 0.5 2.4 0.12-0.9 -005 
(ml /g /48h a t  1OO'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 f o i l  2.66 2.68 1.70 2.30 - - 
10-mil f o i l  7-58 8.05 4.70 6.38 - - 

a Data ob ta ined f rom B. Dobratz, LLNL Explos ives 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 pestle. 

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 t o  room temperature. 

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. 

A 

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 a m n i u m  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. 

78.5 molx AN (68.9 wt% AN) and that of AN/ENT is 87.8 moly, AN (66.5 wt% AN). 

The eutectic composition of AN/ANT is 
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When these eutectic compositions are compared to the C02-balanced composi- 

tions of 66.7 mol% AN for AN/ANT and 90 mol% AN for AN/ENT, the latter formu- 

lation becomes very attractive from the economic viewpoint of utilizing the 

greatest amount of AN in a C02-balanced composition. 

balanced AN/ENT formulation offers the processing advantages of being close ta 

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. 

Also, the C02- 

Resul-ts of Sensitivity Tests 

Results of the small-scale sensitivity tests of C02-balanced AN/ANT 

and AN/ENT are given in Table 1; test results for the ideal explosives, TNT 

and RDX, are listed for comparison. 

pact and spark than were the respective pure fuel components. 

vacuum stability of the AN/ENT mixture is only 0.2 ml/g/48h at 100°C, even 

though it is 2.4 ml/g/48h at 120'C. 

indication o f  incompatibility between ENT and AN because the mixture i s  a 

liquid at 120'C and ENT is a solid at this temperature. 

o f  AN/ENT is good at lOO'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. 

Both eutectics were less sensitive to im. 

Note that the 

We do not feel that the high number is a 

The vacuum stability 
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Performance Tests  

The r e s u l t s  o f  t h e  d e t o n a t i o n  v e l o c i t y  measurements o f  C02-balanced 

AN/ANT and AN/ENT a re  g i v e n  i n  Table 2 along w i t h  t h e  p r e d i c t e d  values ca l cu -  

l a t e d  by  t h e  Kamlet-Jacobs method (KSM)" assuming i d e a l  behavior .  

measured v e l o c i t i e s  o f  b o t h  systems a re  w i t h i n  95% o f  those  c a l c u l a t e d  by t h e  

Kamlet-Jacobs method. The r e s u l t s  may be somewhat lower  than  p r e d i c t e d  be- 

The 

cause t h e  t e s t s  may have been conducted near t h e  f a i l u r e  diameters o f  t h e  eu- 

t e c t i c s .  

t h i s  issue. 

Subsequent measurements a t  l a r g e r  d iameters a r e  planned t o  c l a r i f y  
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TABLE 2 Heat of Formation and Detonation Performance Data 

D e n s i t y  Heat of Format ion,  Dent Pr-,l ( kba r  V e l o c i t y  (krn;;A 
Exp los i ves  u 3 )  AHf ( k c a l l m o l )  (m) measured $94 measured 

AN 1.725 -87.27 182 6.49 

ANT 1.57 +4.7:0.2 211 7.20 

ENT 1.55 +5 5 . 7 3  199 7.02 

AN/ANT 1.607 
(54.8 w t %  AN) 

(66.5 a t %  AN) 
AN/ENT 1.568 

3.88 221 247 7.36 7.73 

3.38 192 248 7.30 7.78 

TNTa 1.64 -15 3.43 210 
RDXa 1.77 +14.71 338 - 

a Data ob ta ined  f rom B. Dobratz, LLNL exp los i ves  Handbook. 

6.93 
8.70 
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