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EFFECTS OF DIFFERENT ADDITIVES ON THE THERMAL 
DECOMPOSITION OF AMMONIUM PERCHLORATE 
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IR spectral investigations on ammonium perchlorate (AP) in the presence of varying 
amounts of ammonium permanganate (APm) and 2% by weight of different rare earth oxide 
additives were made over the temperature range 25-290 ~ Heating and spectral scanning were 
done simultaneously and the peak intensity was presumed to be proportional to the amount 
of undeeomposed AP. Presence of 10% APm lowered the temperature of AP decomposition 
from 200 to I10 ~ and increased the rate by several folds. Mixed oxide produced as a result of 
deflagration of APm are considered catalyzing the process. In the presence of rare earth 
oxides additives, the NH + stretching peak intensity decreased considerably, the extent fol- 
lowed the trend Gd203 > MnO2 > Nd203 > Pr203 > Dy203 > Y203 > La203 > virgin 
AP. An electron transfer mechanism is envisaged to explain the results. 

T h e r m a l  s t a b i l i t y  o f  A P  is k n o w n  to  b e  sens i t ive  to  t h e  p r e s e n c e  o f  a d d i -  

t ives  [1-3].  D e p e n d i n g  o n  t h e i r  s t r u c t u r e  a n d  c h e m i c a l  p r o p e r t i e s  a d d i t i v e s  

i n c r e a s e  t h e  d e c o m p o s i t i o n  a n d  c o m b u s t i o n  r a t e s  a n d  l o w e r  t he  i g n i t i o n  

t e m p e r a t u r e .  S o l y m o s i  a n d  o t h e r s  [4] have  i n v e s t i g a t e d  t h e  c a t a l y t i c  e f fec t  o f  

o x i d e s  on  t h e  i s o t h e r m a l  d e c o m p o s i t i o n  o f  AP. O u r  d a t a  on  the  m i x t u r e s  o f  

A P  + K B r / K C 1  s h o w e d  t h a t  t h e  p r e s e n c e  o f  KBr /KC1 i n f l u e n c e  the  t h e r m a l  

c h a r a c t e r i s t i c s  o f  A P  [5]. S y s t e m a t i c  s t u d i e s  a r e  p r e s e n t e d  h e r e  to  u n d e r -  

s t a n d  t h e  e f f e c t  o f  d i f f e r e n t  r a r e  e a r t h  o x i d e  a d d i t i v e s  a n d  a l so  o f  M n O 2  a n d  

N H 4 M n O 4  o n  t h e  I R  s p e c t r a l  p e a k  i n t e n s i t i e s  wh i l e  h e a t i n g  was  g o i n g  on  

c o n c u r r e n t l y .  
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Experimental 

Freshly prepared [6] ammonium permanganate was recrystallized from 
doubly distilled water, ground well and the particles passing through 0.053 
mm sieve were collected. Its mixtures with AP of the same particle size were 
prepared on weight basis as 10:90, 30:70 and 50:50. Mixtures of rare earth 
oxides were prepared by adding 2% by weight of analytical grade oxides. A 
Perkin-Elmcr Model 683 infrared spectrophotometcr was employed for the 
in situ infrared analysis. The technique has been described elsewhere [7]. 
Pellets of the mixtures prepared in the KC1/KBr matrix were heated dynami- 
caUy over the temperature range 25-290 ~ at a rate of 5 deg/min "1. A single 
scanning of the spectra required 3 1/2 minutes. 

Results and discussion 

Changes in the NH~ stretching, NH~ bending, CIO~- stretching and 

C10~" bending frequencies were followed using KCI as the matrix. A typical 

plot for the NH~ stretching frequency presented in Fig. 1 indicates that the 
change in peak intensity is negligibly small up to 80 ~ and beyond this 
temperature the intensity starts diminishing, closing on to 100% loss at 

~ l O i t  oPure AP ~ - eAP,10% APm ~ ~ r  a / r  
�9 ",AP,30%APm f "  ,A ~ / "  

F '~ 

o6 20o 360 " 
Temperat ure~C 

Fig. t Effect of ammonium permanganate (l~d~m) impun~ on the intensity of NI-I4 + st~tr 
(KC1 maU'ix); heating rate: 5 deg rain 
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about 250 ~ . Further, the rate of intensity loss and hence the temperature at 
which the entire peak disappears depends on the amount of APm initially 

present. A sudden change in the peak intensity is also exhibited by the CIO~- 
stretching frequency after 110 ~ (See Fig. 2) and the loss closes on to 95% at 
270 ~ . 
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_ " A P - 3 0 * I o  A P r n  . . . . y - / -  

. . _ . , l ~  ] I I 
I00  200 3 0 0  ='- 

Temperature ,~ 

Fig. 2 Effect of APm impurity on the intensity of ClO~ stretching (KCI matrix); heating rate: 
5 deg rain "1 

As the concentration of APm is increased, the loss over the temperature 
range of 110-180 ~ also increases and beyond this range the change in inten- 
sity is much slower in all the eases. The data on NI-L~ and CIO~" bending fre- 
quencies are qualitatively similar but differing in the extent of intensity loss. 
These results are summarized in Table 1. 

We have shown that deflagration of APm occurs between 105-110 ~ fol- 
lowing a proton-transfer [8] mechanism and the stable end-products were 
found to be mixed oxides of manganese. When produced in the AP + APm 
mixture such oxides are likely to catalyse the thermal decomposition of AP. 
Such catalytic action by manganese oxides is known [9] but occurring to a 
varying degree depending o n t h e  oxidation state of manganese. Besides the 
catalytic action, a variety of defects like, dislocations, point defects and ad- 
ditional nuclei produced in AP crystals during the deflegration of APm, will 
also enhance the decomposition of AP. 

Thus, even though physical contact of AP taken in a large matrix material 
and containing a very small amount of the additive is expected to be very 
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m u c h  l imi t ed ,  t he r e  is a p r o f o u n d  i n f l u e n c e  of  the  a d d i t i v e  w h e n  ac tua l  

d e c o m p o s i t i o n  p roce s s  beg ins .  

Table 1 Effect of ammonium permanganate additive on the peak intemsities of AP at different 
temperatures; heating rate 5 deg/min d 

APm by Percentage loss 

weight, Temp., NH4 + NH4 + CIO4- CIO~ 

% ~ stretch, bend. stretch- bend. 

10 

3(t 

50 

25 0 0 0 0 
50 4 2 1 1 

100 16 9 7 8 
150 39 18 29 14 
200 49 27 39 21 
260 74 40 52 32 

25 0 0 0 0 
50 2 2 1 2 

100 5 4 7 8 
150 27 16 32 16 
200 48 33 51 27 
260 97 60 85 54 

25 0 0 0 0 
50 0 1 1 1 

100 5 7 7 8 
150 42 9 41 21 
200 81 28 63 37 
260 100 59 91 57 

25 0 0 0 0 
50 4 2 1 2 

100 8 9 10 12 
150 85 39 57 31 
200 100 49 78 45 
260 100 63 91 60 

T h e  i n t e n s i t y  - t e m p e r a t u r e  p lo t s  o b t a i n e d  u s i ng  K B r  pe l l e t s  c o n t a i n i n g  

0 .5% A P  a n d  ju s t  0 ,001% of a l a n t h a n i d e  oxide  a re  show n  in  Fig.  3. I t  is 

r e v e a l e d  tha t  the  loss of any  peak ,  d e p e n d s  on  bo th ,  the  add i t ive  a n d  the  

t e m p e r a t u r e .  T h e  m i n i m u m  i n f l u e n c e  is sh ow n  by  l a n t h a n u m  oxide  wh ich  

e n h a n c e s  the  A P  d e c o m p o s i t i o n  at 290 ~ by  15% whi le  at  the  s a m e  t e m p e r a -  

t u r e  the  effect  of  g a d o l i n i u m  oxide is as h igh as 45%.  Th i s  c h a n g e  in  t e r m s  
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Fig. 3 Influence of rare earth oxide additive (2%) on the NH4 + stretching band (KBr matrix); 

heating rate: 5 deg rain -I 

of the oxide additives is in the order: Gd203 > MnO2 > Nd203 > Pr203 > 
Dy203 > Y203 > La203 > virgin AP. Interestingly, the influence of these 
additives on the other frequencies is negligibly small. 

Electrical properties of the rare earth oxides should have a significant 
role in the AP decomposition process - probably by way of promoting an 
electrontransfer [10] process and thus acting as a catalyst. Transfer of an 
electron from a perchlorate anion to an ammonium cation located in the in- 
terstitial sites is facilitated, this yields unstable radicals 

NI-I~ + CIO4- o CIO~ + NI-h (1) 

NH~ <-~ NH3 + H" (2) 

As a result of crystal stabilizing effect the perchlorate radical as such cannot 
break easily at lower temperature while ammonium radical dissociates prac- 
tically instantaneously to form ammonia and hydrogen radical. The H radi- 
cal may react with perchlorate radical to produce perchloric acid molecule 
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H" + C10~ ~ H C 1 0 4  (3) 
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Fig. 4 Thermal decomposition of AP at 280~ 

T h e  s u b s e q u e n t  r e a c t i o n s  b e t w e e n  NH3;  H a n d  H C I O 4  y i e l d  v a r i o u s  

p r o d u c t s .  T h e r m o g r a v i m e t r i c  ana lys i s  o f  s u c h  m i x t u r e s  b u t  in  a p o w d e r  f o r m  

c o n t a i n i n g  A P  a n d  a r a r e  e a r t h  o x i d e  s h o w e d  a s t i l l  l a r g e r  i n f l u e n c e  ( S e e  

F ig .  4). T h e  d e c o m p o s i t i o n  o f  A P  is e n h a n c e d  f r o m  28 to  9 8 % .  T h i s  g r e a t e r  

i n f l u e n c e  is p r o b a b l y  b e c a u s e  o f  t h e  u n b o u n d  s t a t e  o f  t h e  m i x t u r e  w h e r e  a 

c o n t i n u o u s  a n d  e a s i e r  r e n e w a l  o f  c o n t a c t  b e t w e e n  A P  a n d  t h e  o x i d e  is p o s -  

s ib le .  
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Z u s a m m e n f a s s u n g  - Fiir  den Tempera turbere ich  25-290 ~ wurden IR-Untersuchungen an 
Ammoniumperch lo ra t  (AP)  in Gegenwart  yon verschiedenen Antei len an Ammoniumper-  
mangana t  (APm)  und 2 Gew.-% verschiedener  Seltenerdenoxide angestellt .  Erhi tzen und 
Spek t renaufnahme wurden in e inem Schrit t  durchgeffirt, dabei  wurde angenommen,  dab die 
Peak-Intensit~it  p ropor t iona l  de r  Menge unzersetz ten AP ist. Durch einen APm-Gehal t  yon 
10% wird die Zerse tzungs tempera tu r  des AP yon 200 auf l l 0  ~ herabgesetzt  und die Zerse t -  
zungsgeschwindigkeit  um ein mehrfaches  erh6ht .  Die als Produkt  der  Deflagrat ion yon APm 
en t s t ehenden  Misehoxide katalysieren den Vorgang. In Gegenwart  yon Sel tenerdenoxiden als 
Addi t ive  n immt  die Intensit i i t  des Stretching-Peaks yon NH + in folgender Reichenfolge 
betri ichtl ich ab: Gd203, MnO2, Nd203, Pr203, Dy203, Y203, La203, unbehandel tes  AP. Zur  
In te rpre ta t ion  de r  Ergebnisse wurde ein Elektrontransfer-Mechanismus zuhilfegenommen. 
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