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THERMAL CHARACTERIZATION OF MIXTURES OF NITROTRIAZOLONE 

WITH HMX AND RDX' 

Juan A. C i l l e r ' ,  Fe l i pe  J. Serna' and Jose R .  Quintana 

Uni6n Espafiola de Explosivos. I nves t i gac i6n  y Desar ro l l o  
48960 Galddcano, Vizcaya, SPAIN 

ABSTRACT 

Thermal cha rac te r i za t i on  o f  mix tures o f  n i t r o t r i a -  

zolone (NTO) w i t h  octahydro-1,3,5,7-tetranitro-l,3,5,7- 

t e t razoc ine  ( H M X )  and hexahydro-1,3,5-trinitro-l,3,5- 

t r i a z i n e  (RDX) has been c a r r i e d  ou t  by means o f  d i f f e -  

r e n t i a l  scanning ca lo r imet ry  and thermogravimetric ana- 

l y s i s .  I t  has been found t h a t  HMX decomposition tempera- 

t u r e  remains constant  through the  whole composit ion 

range. However NTO decomposition temperature decreases as 

the  NTO/HMX r a t i o  decreases. The RDX decomposition tempe- 

r a t u r e  keeps constant  i n  a l l  compositions s tud ied .  The 

RDX m e l t i n g  temperature decreases few degrees. The NTO 

decomposition appears a t  lower temperatures as the RDX 

content  increases. 
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INTRODUCTION 

AS a p a r t  o f  a general study about explos ive mix- 

t u r e s  t h a t  we have undertaken415, we have considered o f  

especial  i n t e r e s t  t he  thermal ana lys i s  of the NTO/HMX and 

NTO/RDX mixtures.  These types o f  mixtures,  c o n s i s t i n g  o f  

a t r a d i t i o n a l  h igh  explos ive and a novel l ess  s e n s i t i v e  

explosive,  are being considered i n  order t o  get  insen- 

s i t i v e  munit ions.  Due t o  the  low s e n s i t i v i t y  o f  n i t r o -  

t r i a z o l o n e  ( N T O ) ,  t h i s  explos ive i s  being proposed as a 

component i n  formulat ions w i t h  hexogen (RDX) and octogen 

(HMX) i n  order t o  ge t  an improvement i n  t h e  i n s e n s i t i v i t y  

o f  t h e   munition'^^. 
I n  the development o f  t h i s  type o f  explosives i t  i s  

necessary t o  take i n t o  account t h a t  t he  mixing o f  explo- 

s i ves  w i t h  i n e r t  b inders,  as we l l  as w i t h  other  exp los i -  

ves, might lead t o  v a r i a t i o n s  i n  the  decomposition 

temperatures. I f  these temperatures ge t  c lose t o  the  

process temperature, t h e  processing o f  t he  m ix tu re  could 

become unsafe. Owing t o  t h i s  f a c t ,  a thermal ana lys i s  of 

the explos ive mixtures must be c a r r i e d  ou t  before 

undertaking the processing. 

The instrumental  techniques chosen f o r  t h i s  study 

were D i f f e r e n t i a l  Scaning Calor imetry (DSC) and D i f f e -  

r e n t i a l  Thermal Analysis ( D T A )  because o f  the s i m p l i c i t y  

of sample preparat ion and the good r e p r o d u c i b i l i t y  o f  
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r e s u l t s .  Thermogravimetric Analys is  ( T G )  has a l so  been 

used as a complementary thermal technique. These techn i -  

ques are widely  used i n  thermal cha rac te r i za t i on  o f  

exp lox i ves~~9 .  

EXPERIMENTAL 

RDX i s  a commercial product  o f  Uni6n Espafiola de 

Explos ivos.  HMX was synthesized i n  our labora tory  accor- 

d ing  t o  Bachmann process". NTO was synthes ized accord ing 

t o  method described i n  r e f .  11.  Explos ive samples were  

p u r i f i e d  by r e c r y s t r a l l i z a t i o n .  The explos ives were 

p h y s i c a l l y  mixed and m i l l e d  i n  o rder  t o  achieve 

homogeneous samples. A 1  1 t h e  mixtures are repor ted  as 

weight percent .  

DSC and DTA ana lys i s  were c a r r i e d  o u t  under he l ium 

f l ow  us ing  a Perkin-Elmer DSC 7 and a M e t t l e r  TA 2000, 

respec t i ve l y ,  a f t e r  prev ious c a l i b r a t i o n  w i t h  indium and 

z inc .  The heat ing  r a t e  app l i ed  was 10"C/min. Samples o f  

1 mg were placed i n t o  an aluminium pan and covered w i t h  

an a lumin iun d i sk  us ing a cr imping press. An empty 

aluminium pan w i t h  cover was placed i n  the  reference 

sample ho lder .  Peak temperatures were chosen due t o  the  

impossibi 1 i t y  t o  determine p r e c i s e l y  the  onset tempe- 

ra tu res .  TG ana lys i s  were c a r r i e d  o u t  i n  a Perkin-Elmer 

thermograv imetr ic  anal i z e r  TGA 7 under n i t rogen  atmos- 
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phere. Samples o f  1-2 mg were heated a t  10'C/min from 

50'C t o  400°C and weight l o s s  curves versus temperature 

were p l o t t e d .  Temperature axes o f  TGA curves were c a l i -  

brated using Curie p o i n t  standards (alumel and n i c k e l )  

and horseshoe magnet. 

RESULTS AND DISCUSSION 

N TO/HMX sys t em 

Thermal behavior o f  NTO/HMX mixtures has been 

stud ied f o r  t h e  whole composit ion range. DSC curves can 

be observed i n  Figures 1 and 2 .  

Thermogram o f  pure NTO can be observed i n  F igure 1 

(curve a ) ,  w i t h  a decomposition temperature range between 

263'C and 306°C w i t h  a maximun a t  280'C. Curve b 

corresponds t o  the thermogram o f  NTO w i t h  3% o f  HMX. A 

c l e a r  broadening o f  the decomposition range together w i t h  

a peak s h i f t i n g  t o  270°C a re  observed. Curve c represents 

the  thermogram o f  NTO w i t h  10% o f  HMX. The decomposition 

peak s h i f t s  t o  264°C. On curve d (NTO w i t h  40% o f  HMX) 

the  HMX decomposition i s  already detected as a s i n g l e  

peak a t  290'C. 

On the other  hand, HMX decomposition i s  no t  i n f l u e n -  

ced by the NTO presence and i t  appears a t  t he  same tempe- 

r a t u r e  f o r  a l l  compositions studied. This  f a c t  can be 

observed i n  F igure 2. Curve a i s  t he  thermogram o f  pure 
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HMX w i t h  a decomposition range between 2 7 4 ° C  and 3 1 0 ° C  

w i t h  a maximum a t  2 9 0 ° C .  The NTO a d d i t i o n  t o  HMX does no t  

produce any e f f e c t  i n  temperature decomposition as i t  can 

be observed i n  the  d i f f e r e n t  curves o f  F igure  2. Curve b 

i s  t he  thermogram o f  HMX w i t h  10% o f  NTO. The HMX decom- 

p o s i t i o n  temperature keeps constant  and the  NTO decornpo- 

s i t i o n  i s  seen a t  2 5 8 ° C  aproximately. I n  curves c and d 

t h e  increase o f  NTO content  i s  c l e a r l y  observed w i t h  a 

decomposition rnaximun a t  2 5 5 ° C .  

Although HMX decomposition does n o t  depend on NTO 

content  i n  the  exp los ive  mix tu re ,  t he  polymorphic t rans -  

format ion o f  HMX s h i f t s  t o  lower temperatures i n  the  

mixtures.  Thus, d i f f e r e n t i a l  thermal ana lys i s  o f  t he  

mix tu re  NTO/HMX (10/90)  shows a decrease o f  ca. 1 0 ° C  w i t h  

respect  t o  pure HMX. 

Thermogravimetric ana lys i s  o f  t he  NTO/HMX system are  

p l o t t e d  i n  F igure  3 and 4. According t o  DSC r e s u l t s ,  

these curves show a decrease o f  the NTO decomposition 

temperature as the  HMX content  increases. The curve a o f  

F igure  3 corresponds t o  weight l oss  versus temperature 

f o r  pure NTO. The weight l o s s  s t a r t s  a t  1 9 5 ' C  and ends a t  

2 7 6 ° C  w i t h  a res idue of 17  % o f  t he  i n i t i a l  weight. The 

onset  o f  t h i s  curve appears a t  2 7 2 ° C .  The nex t  composi- 

t i o n  tes ted  conta ins 5 % o f  HMX (curve  b ) .  The shapes o f  

t he  curves are very s i m i l a r ,  bu t  the temperature corres-  
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ponding t o  a weight loss o f  50% decreases 1 7 ' C .  The t rend  

i s  the same f o r  the next composit ion ( w i t h  10% o f  H M X ) .  

For HMX content higher than 30% two d i f f e r e n t  steps 

corresponding t o  both decompositions can be observed. 

The TGA curves o f  NTO/HMX mixtures w i t h  higher 

content o f  HMX can be seen i n  F igure 4 .  Curve a 

corresponds t o  pure HMX w i t h  an onset a t  about 283'C. 

With 10, 30 and 5.0% o f  NTO content,  two d i f f e r e n t  steps 

are observed b u t  t he  weight loss range o f  HMX keeps 

almost i n v a r i a b l e .  

NTO/RDX sys tern 

The same ana lys i s  was c a r r i e d  out  f o r  NTO/RDX 

mixtures and the r e s u l t s  are somehow s i m i l a r ,  bu t  w i t h  a 

more important e f f e c t  on t h e  s h i f t  

p o s i t i o n  peak. As i t  can be seen 

displacement i n  the  NTO decomposit 

r e s u l t  o f  t he  RDX add i t i on .  

ng o f  the NTO decom- 

i n  F igure 5 a c l e a r  

on range occurs as a 

DSC thermograms o f  NTO/RDX mixtures are shown i n  

Figures 5 and 6 .  L ike  NTO/HMX system, NTO decomposition 

temperature decreases as the RDX content increases 

(F igure 51, showing a higher depression o f  the decom- 

p o s i t i o n  temperature than t h a t  o f  the NTO/HMX mixtures.  

The s h i f t i n g  o f  t h e  NTO decomposition peak can be 

observed i n  Figure 5 .  For a composit ion o f  30 % o f  RDX, 
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2 4 0 ' C .  The ex is tence o f  t h i s  so le  peak is due t o  the  f a c t  

t h a t  as the  decomposition temperature o f  NTO decreases i t  

over laps the  RDX decomposition (curve  d ) .  This f a c t  i s  

confirmed by the  curve c ,  i n  which the  RDX decomposition 

can be no t i ced  a t  2 4 2 ° C .  

Thermograms correspond1 ng t o  the NTO/RDX mix tures 

w i t h  a r a t i o  NTO/RDX 5 I are p l o t t e d  i n  F igure  6.  Curve 

a corresponds t o  pure RDX thermogram where me l t i ng  and 

decomposition peaks are observed a t  2 0 6 ° C  and ? 4 2 " C ,  

r espec t i ve l y .  With 10% o f  NTO an i n t e r e s t i n g  f a c t  occurs. 

The decomposition o f  NTO takes p lace inmediate ly  a f t e r  

the me l t i ng  o f  RDX and af terwards the RDX decomposition. 

With 30% o f  NTO content ,  the  same e f f e c t  happens. The 

assignment o f  the  d i f f e r e n t  decomposition peaks has been 

based upon t h e i r  r e l a t i v e  i n t e s i t i e s  and T G  ana lys is .  For 

compositions between 50% and 70% o f  NTO content  on ly  a 

broad exothermic peak i s  observed j u s t  a f t e r  t he  me l t i ng  

process. 

Th is  behavior i s  n o t  observed f o r  the  RDX decom- 

p o s i t i o n ,  which appears always a t  the  same temperature 

( 2 4 2 ' C )  as i t  can be seen i n  F igure 6 .  For low NTO 

content ,  decomposition takes p lace between the  me l t i ng  

and t h e  decomposition o f  RDX (Curves b and c F igure  6 ) .  

I n  F igures 7 and 8 ,  thermogravimetric ana lys is  o f  
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NTO/RDX mixtures a re  p l o t t e d .  For NTO/RDX mixtures w i t h  

10% o f  RDX, two steps are observed, corresponding t o  RDX 

and NTO decomposition. With 20% o f  RDX two steps can 

s t i l l  be no t i ce .  But f o r  h igher content o f  RDX on l y  one 

s tep can be seen. I n  f i g u r e  8, two steps can a l so  be 

observed f o r  explos ive mixtures w i t h  low content  o f  NTO. 

The f i r s t  step corresponds t o  NTO decomposition. This  

f a c t  i s  i n  agreement w i t h  t h a t  observed i n  t h e  DSC p l o t  

o f  these mixtures,  which shows t h a t  NTO decomposition 

takes place between the me l t i ng  o f  RDX and i t s  decom- 

p o s i t i o n .  A s  it happened i n  the  case o f  HMX, the weight 

loss due t o  RDX decomposition takes place i n  the same 

temperature range, independently o f  t he  mixture 

compos i ti on. 

The v a r i a t i o n  i n  the p a t t e r n  o f  the TG p l o t s  as a 

f u n c t i o n  o f  t h e  composit ion of t h e  explos ive mixture can 

be explained t a k i n g  i n t o  account t h a t  although decom- 

p o s i t i o n  temperatures o f  pure NTO and RDX are very 

d i f f e r e n t ,  as NTO decomposition s h i f t s  t o  lower 

temperatures, i t  goes through the RDX decomposition 

temperature range. 

CONCLUSIONS 

Composition dependences o f  decomposition tempera- 

tu res  f o r  NTO/HMX mixtures are p l o t t e d  i n  Figure 9 .  HMX 
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decomposition temperature remains constant  through the  

whole composit ion range. However NTO decomposition 

temperature decreases as the  NTO/HMX r a t i o  decreases. The 

temperature decrease can reach 2 5 ° C .  Th is  dependence i s  

n o t  l i n e a r  and i s  s p e c i a l l y  remarkable f o r  low contents  

of HMX. 

Decomposition and me l t i ng  temperatures as a f u n c t i o n  

o f  composit ion f o r  NTO/RDX mix tures are p l o t t e d  i n  F igure 

10. RDX decomposition temperature keeps constant  i n  the  

whole composit ion range. RDX me l t i ng  temperature decre- 

ases from 206°C up t o  2 0 1 ° C  f o r  a NTO content  of  30% and 

keeps constant  f o r  h igher  contents .  As it has been 

mentioned above, t he  NTO decomposition appears a t  lower 

temperatures as t he  RDX content  increases. A t  compo- 

s i t i o n s  between 50% and 70% o f  NTO, on ly  one broad 

exothermic peak i s  observed. 
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1 

8 

--.-..- ..-..-.. 9 ..-..-.._..____. _.__..-.. -..- 

C 

d *_.__.. -.*--- _.._.._..__._..-..-..-.._.._ 

+ 

Temperature (C) 

F i g u r e  1 

DSC cu rves  o f  NTO/HMX m i x t u r e s  (a :  100/0, b: 97/3, c: 
90/10, d :  60/40). 

I-- - --- r 

Temperature ( C )  

F i g u r e  2 

DSC curves o f  NTO/HMX m i x t u r e s  ( a :  0/100, b :  10/90, c :  
30/70, d:  50 /50 ) .  
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0 1  I 
130 150 170 190 210 230 250 270 290 310 

Temperature ( C )  

F igure  3 

TGA curves of NTO/HMX mixtures  (a: 100/0, b: 95/5, 
90/10, d :  70/30). 

C :  

130 150 170 190 210 230 250 270 290 310 

Temperature ( C )  

F igure  4 

TGA curves o f  NTO/HMX mixtures  ( a :  0/100, b:  10/90, c :  
30/70, d: 50/50). 
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Temperature ( C )  

F i g u r e  5 

DSC cu rves  of NTO/RDX m i x t u r e s  ( a :  100/0,  b :  90/10 ,  c :  
80/20, d: 70/30). 

T 

1 .  
70 100 130 180 190 220 250 290 310 340 

Temperature (C) 
F i g u r e  6 

DSC cu rves  of NTO/RDX m i x t u r e s  (a:  0/100, b: 10/90, c :  
30/70, d: 50/50). 
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0 I----- 
130 150 170 190 210 230 250 270 290 310 

Temperature (C) 
F i g u r e  7 

TGA c u r v e s  of NTO/RDX m i x t u r e s  ( a :  100/0.  b :  90 /10 ,  c :  
80/20, d :  70/30). 

100 

75 - 
dp - 
4J c 
.rl 
P 50 

s” 

25 

0 1--, 
130 150 170 190 210 230 250 270 

Temperature ( C )  

F i g u r e  8 

TGA c u r v e s  o f  NTO/RDX m i x t u r e s  (a :  0/100, b: 10/90, c: 
30/70, d: 5 0 / 5 0 ) .  
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290(? 

250 ‘ 1 I I 

r\ ” 
0 ” I U 

0 20 40 60 80 100 

NTO (%) 
F igure  9 

Oecomposition temperatures o f  NTO ( 0 )  and HMX (0) as a 
f u n c t i o n  o f  t h e  NTO content  f o r  NTO/HMX mixtures.  

T PC) 
290 I 

b 

190‘ 1 I I I 

0 20 40 60 80 100 

NTO (%) 
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Decomposition temperatures o f  NTO (0) and RDX ( o ) ,  and 
RDX me l t i ng  temperatures (0) as a f u n c t i o n  o f  the  NTO 
content  f o r  NTO/ROX mixtures.  A t  50% and 70% of NTO a 
so le  decomposition peak i s  observed (A). 

265 

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


