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EUTECTIC SYSTEM OF AMMONIUM NITRATE WITH 15 WTX POTASSIUM 

N ITRATE/ETHY LENEDIAMINE DIN ITRATE/ D IETHYLENETR IAMINE TR I N  ITRATE 

by 

K.-Y. Lee 

H. H. Cady 

M. M. St inec ipher  

Los Alamos Nat ional  Laboratory 

Los Alamos, New Mexico 87545 

ABSTRACT 

The phase diagram was determined f o r  the  te rnary  sys- 

tem d ie thy lenet  r i  ami ne t ri n i  t r a t e l e t h y l  enedi amine d i  n i -  

t r a t e / a m n i u m  n i t r a t e  w i t h  15 w t %  potassium n i t r a t e  

(DETN/EDD/AK15). 

40, 35, and 25 w t %  AKI5, DETN, and EDD respect ively,  was 

subjected t o  small-scale s e n s i t i v i t y  and performance 

tests.  The measured PcJ (223 kbar)  f r o m  a 4.13-cm-diam, 

unconfined ra te -s t i ck  t e s t  o f  the  DEAK system agrees w i t h  

Kamlet-Short-Method (KSM) data ca lcu la ted  a t  the  same 

pressed dens i ty  [97.7% o f  theo re t i ca l  maxirmrn dens i ty  

The eu tec t i c  mix tu re  (DEAK), containing 

(TMDII. 

A ra te -s t i ck  t e s t  o f  EAK a t  t he  same charge diameter and 

pressed dens i ty  fa i led ,  i n d i c a t i n g  t h a t  the  add i t i on  o f  t he  

DETN component t o  the  EAK system has reduced the  c r i t i c a l  

diameter o f  EAK. 
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INTRODUCTION 

A eu tec t i c  (EA) formed fmm ethylenediamine d i n i t r a t e  (EDD) and ammonium 

1 n i t r a t e  (AN) was used as a subs t i t u te  f i l l  by the  Germans i n  World War I1 . 
I n i t i a l  charac ter iza t ion  and performance t e s t s  o f  EA demonstrated i t s  poten- 

t i a l  for m i l i t a r y  app l i ca t ions  such as replacement of e x i s t i n g  pre fer red  

 fill^.^'^ It i s  a lso  known t h a t  add i t i on  o f  15 w t X  potassium n i t r a t e  (KN) 

t o  AN (AK15) before p r i l l i n g  can be used t o  s t a b i l i z e  AN with respect t o  the  

ANIII - ANIy phase t r a n ~ i t i o n . ~  The e u t e c t i c  mix tu re  o f  EDD w i t h  AK 

(EAK) has been prepared i n  l a rge  quant i t ies ,  and has been detonated i n  bomb- 

f i l l  tests.5 However, o the r  uses requ i re  the  need t o  Improve performance 

and reduce t h e  f a i l u r e  diameter o f  EAK. 

We have demonstrated t h a t  t he  e u t e c t i c  formed between the  ethylenedia- 

mine s a l t  o f  5 -n i t ro te t razo le  (ENT) and AN (66.5 w t %  AN) gave near-ideal per- 

formance a t  small charge diameters.6 We have a lso  found t h a t  ENT forms a 

te rna ry  eu tec t i c  w i t h  EA (AENT) t h a t  melts a t  89'C. The measured PcJ o f  

AENT, determined f r o m  the  p l a t e  dent o f  a 4.13-cmdiam. unconfined ra te -s t i ck  

a t  dens i t y  1.619 glcm (97.3% TMD), i s  248 kbar, which i s  97.6% o f  t he  ca l -  

cu la ted  value a t  the  same pressed d e n ~ i t y . ~  Without ENT, EA f a i l e d  a t  t he  

same t e s t  condi t ion.  

3 

Experiments have demonstrated t h a t  the  c r i t i c a l  diameter (d,) o f  an 

exp los ive  i s  d i r e c t l y  p ropor t iona l  t o  i t s  p a r t i c l e  size;8 the  smal ler  t he  

p a r t l c l e  size, t he  smal ler  w i l l  be the  dc. The experimental r e s u l t s  f r o m  

t h e  AENT system i l l u s t r a t e  t h a t  t h e  add i t i on  o f  a f o u r t h  energet ic  component 

t o  t h e  EAK system could cause the  eu tec t i c  t o  c r y s t a l l i z e  as f i n e r  c rys ta l s  

and might decrease the  c r i t i c a l  diameter of EAK. 
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This paper describes the  determinat ion o f  the phase diagram o f  

AKIS/EDD/DETN (DEAK) eu tec t i c  system. The r e s u l t  of a 4.13-cm-diam, un- 

conf ined ra te -s t i ck  t e s t  o f  the  system a t  dens i ty  1.60 g/cm3 (97.7% TMD) i s  

a l so  reported. We chose DETN because it i s  a homlog o f  EDD and i s  comparable 

t o  EDD i n  cost. 

EXPERIMENTAL PROCEDURE 

I. Phase Diagram Determination and Detonation Propert ies Ca lcu la t ion  o f  

DEAK System. 

I n  e a r l i e r  studies, we have found t h a t  AN and DETN form a "double s a l t  

(compound)" i n  add i t i on  t o  the  format ion of a eutectic. ' This compound, 

which does not always form spontaneously, creates some complications when one 

t r i e s  t o  determine the  phase diagram o f  t he  quaternary system DEAK because 

more than one eu tec t i c  composition can ex i s t .  

We have developed a ser ies  o f  computer codes t h a t  s i m p l i f i e s  and short-  

ens the  process f o r  r e f i n i n g  phase diagrams. These special  programs enable us 

t o  ca l cu la te  the  phase diagram o f  a system w i t h  th ree  or more components us ing  

data f r o m  the  b inary  diagrams. 

AN/EDD, AK15/EDD, AN/DETN and EDD/DETN have a1 ready been determined. 

We also s tud ied  the  e f f e c t  o f  KN on t he  fo rmat ion  o f  t he  "compound" and com- 

p le ted  the  phase diagram o f  AK1S/DETN.7 F igure  1 shows the  completed 

phase diagram o f  the  DEAK system without the  add i t ion  compound. Once the  

phase diagram of DEAK i s  produced. i t s  data are used f o r  experimental micros- 

copic studies. It can be seen t h a t  the  eu tec t i c  composition and temperature 

o f  the  DEAK system are 40/35/25 w t %  AK15/EDD/DETN and 89.13'C, respect ively.  

The phase diagrams o f  the  b inary  systems 

10,ll 

21 3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ca lcu la t i ons  are  i l l u s t r a t e d  i n  both Fig. 2 and Table I. 

t he  d i f fe rences  i n  the ca lcu la ted  performance among var ious compositions was 

no t  great enough t o  change the  DEAK composition obtained f r o m  the  phase dia- 

gram f o r  the  performance experiments. 

We concluded t h a t  

11. Preparat ion o f  t he  DEAK Eutec t ic  

Comnenial grade AN and KN were used t o  prepare the  mix tu re  and were 

ground and d r i e d  before use. The EDD was manufactured a t  Los Alamos Nat ional  

Laboratory by react ing ethylenediamine w i t h  excess 70% n i t r i c  acid. The DETN 

was prepared by reac t ing  diethylenetr iamine w i t h  excess n i t r i c  ac id  fo l lowed 

by p r e c i p i t a t i o n  o f  DETN f r o m  the  react ion mix tu re  w i t h  methanol. A stock 

mix tu re  of AKI5 was prepared by d isso lv ing  KN i n t o  t h e  AN melt, fo l lowed by 

cas t i ng  onto a Tef lon sheet t o  s o l i d i f y ,  then g r ind ing  t o  small p a r t i c l e s  be- 

f o r e  mixing with o the r  components. The e u t e c t i c  melt  was prepared by tho- 

roughly mixing the  appropr iate amounts of AKI5, EDD, and DETN. 

was then heated w i th  s t i r r i n g  u n t i l  molten and poured onto a Tef lon  sheet t o  

s o l i d i f y .  The explosive sheet was crushed t o  small p ieces and pressed i n t o  

charges with the  desired dens i ty  and charge diameter f o r  t h e  plate-dent per- 

f onnance t e s t i n g  . 

The mix tu re  

111. Small-Scale S e n s i t i v i t y  Tests 

Impact, DTA, and vacuum s t a b i l i t y  t e s t s  were performed on samples of t he  

eu tec t i c  mix tu re  prepared as described above according t o  standard proce- 

dures. The resu l t s  fmm these tes ts  on DEAK and EAK a re  reported i n  Table 11. 
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Fig .  1. AKIS/DETN/EDD Phase Diagram 

To assure t h a t  t h i s  e u t e c t i c  composition has reasonable performance, we 

c a l c u l a t e d  t h e  detonat ion v e l o c i t y  f o r  several  DEAK compositions, using t h e  

Kamlet-Short-Method (KSM) modif ied fo r  addi t ion  o f  KN. 

of oxygen i n  the  ca lcu la t ions  was HzO, KzCD3, and COz. 

The h f e r a n h y  f o r  use 

Results o f  these 
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TABLE I 1  

THERMAL AND SENSITIVITY PROPERTIES 

Eu t e c t  i c  Composition 

System ( W t X )  

EAK 

DEAK 

I V .  

Vacuum 

Stab i  1 i t y  Impact S e n s i t i v i t y  

DTA (ml /g/48h/ 1 5 0 L ,  
('cl 8D'C) Type 12 Type 128 

226 - 110 232 46/54 

EDD/AK15 

40/35/25 225 

AKI5/DETN/EDD 

<0.1 109 180 

PERFORMANCE TEST 

The detonat ion v e l o c i t y  o f  the DEAK eu tec t i c  was de temined w i t h  a 
3 4.13-cm-diam, unconfined ra te -s t i ck  a t  a pressed dens i t y  o f  1.60 glcm 

(97.7% TMD). Both dent depth and v e l o c i t y  were measured. The r e s u l t s  a re  

sumnarized i n  Table 111. 

TABLE X I 1  

PERFORMANCE DATA OF DEAK 

Composition Densi ty Diameter PCJ (kbar)  D (kmis) 

KSM Measured KSM - -- (wtX) (g/cm3) (cm) Measured 

40/35/25 1.60 

AKl5/DETN/ED0 (97.7% TMD) 4.13 223 223 7.16 7.36 
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OEM.  

MOLE mACnON 

Fig. 2. Ml5/DETN/EDD Detanation Velocity-Composition Dfagram. 

TABLE I 

CALCULATED DETONATION VELOCITY OF EUTECTIC POINTS 

Melting 

AK DETN EOD Tempe ratu re 

0.671 0.126 0.203 92.9 (calculated with compound) 

0.656 0.162 0.182 89.13 (calculated without compound) 

0.813 0.187 0 109.7 

0.719 0 0.281 104 

0 0.447 0.553 127 

-15 - - 

Detonation 

Velocity 

(kmlsl 

71495 

7.480 

7.450 

7.560 

7.430 
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RESULTS AND DISCUSSIONS 

We have determined the  phase diagram (Fig. 1) o f  t he  te rnary  

system AN:15 KN/EDD/DETN (DEAK) using a special  computer code. 

f r o m  the  i nd i v idua l  b ina ry  phase diagrams and mixtures near the  eu tec t i c  

composition was used as input.  

and temperature o f  t he  DEAK system without t he  add i t i on  compound are 4D/35/25 

w t %  AKIS/EDD/ DETN and 89.13'C, respect lvely.  

v i t y  t e s t s  o f  t h i s  system ind i ca ted  s e n s i t i v i t y  s i m i l a r  t o  t h a t  o f  t he  EAK 

system (Table 11). 

Informat ion 

It can be seen t h a t  t h e  eu tec t i c  composition 

I n i t i a l  small-scale sens i t i -  

The eu tec t i c  me l t  o f  the  EAK system has been prepared i n  l a rge  

q u a n t i t i e s  and has been used as bomb f i l l s .  

t h e  f i n a l  m ix tu re  i s  too  l a rge  t o  ob ta in  i dea l  performance. 

f o u r t h  component t o  the  system should r e s u l t  i n  more f i n e l y  d i v ided  phases and 

the re fo re  i n  smal le r  (dc). Resul ts f r o m  a 4.13-cm-diam, unconfined rate- 

s t i c k  t e s t  o f  DEAK demonstrated t h a t  the  add i t i on  o f  DETN t o  EAK has decreased 

the  f a i l u r e  diameter of EM systems. The measured PcJ f r o m  t h e  dent is  

223 kbar, which i s  100% o f  t h a t  ca lcu la ted  by the  mod i f ied  Kamlet-Short Method 

a t  the  same pressed density. The measured detonat ion v e l o c i t y  o f  DEAK i s  

7.16 km/s, which i s  97.3% o f  t h a t  ca lcu la ted  (TabTe 111). Without DETN, t h e  

EAK system prepared by t h e  same technique f a i l e d  a t  t h e  same charge diameter 

and density. 

However, t he  c r y s t a l l i t e  s i ze  o f  

Add i t ion  of a 

Because o f  t h e  low eu tec t i c  me l t i ng  temperature o f  t h i s  DEAK 

system, i t  can be processed more e a s i l y  i n  steam-heated equipment than the  EAK 

eu tec t ic .  Another a t t r a c t i v e  fea tu re  o f  using DEAK :s t h a t  it i s  as inexpen- 

s i v e  t o  prepare as EAK. 
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VII . GLOSSARY 

AENT 

AK15 
AN 

dC 
DEAK 

DETN 

EA 

EAK 

E DD 

E NT 

KN 

AN / E DD / ENT system 

AN:15 KN 

A m n i u m  n i t r a t e  

C r i t i c a l  d iameter 

DETN/EDD/AN/KN 

Die thy lenet  ri ami ne t r i n i  t r a t e  

EDD/AN 

EOOIANIKN 

Ethylenediamine d i n i t r a t e  

Ethylenediamine s a l t  o f  5 -n i t ro te t razo le  

Potassium n i t  r a t e  

This paper  was prepared  under  t h e  a u s p i c e s  
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