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Lead azide is one o f  the most  extensively used pr imary  explosives in industrial 
and  military applications. However,  " ' spontaneous" explosions in this material  make  
it hazardous.  It  has been sug~_ested t that  one o f  the four  crystalline forms o f  this 
material,  namely the p-form,  is responsible for  causing spontaneous explosions. 
Locked-in strains during the growth o f  the crystals were thought  to lead to cry.stal 
fracture and the initiation o f  explosion. However,  there is now considerable experi- 
mental  evidence tha t  f racture in the crystal a lone does not  cause initiation o f  reaction. 
In high speed photographic  studies z" 3 it has been shown that  even very extensive 
and  violent fracture does not  cause fast decomposit ion.  Fo r  a full unders tanding o f  the 
explosive properties o f  lead azide it is clearly impor tan t  to know the decomposi t ion 
parameters  o f  the various crystal forms to reasonable accuracy.. 

There  has been extensive investigation o f  the more  c o m m o n l y  used ~-form. but  
very little work  on the decomposi t ion parameters  o f  the / / - fo rm.  The only reported 
work is tha t  o f  Garner  and  G o m m  4 in 1931 who found  that  the activation energy, for 
decomposi t ion is 38.8 kcal m o l e - z .  We describe here a differential scanning calori- 
metric s tudy o f  the decomposi t ion o f / / - l ead  azide. The  activation energy was found  
to be in good agreement  with that  found by Garne r  and  G o m m  4, but  the pre-expo- 
nential factor  is several orders o f  ma=cmitude smaller_ A similar s tudy for tetracene 
has been described by us elsewhere 5 and this ~ves  fuller details o f  the experimental  
techniques used. 

EX PERBIEN'I'AI., 

fl-lead azide single crystals were grown in the laboratory  using a diffusion 
method.  The  crystals obtained were long thin ribbons f rom which geometrically 
" 'good" quali ty ones were selected. The  thermal  decomposi t ion studies were made  
using a Perk in-Elmer  differential scanning calorimeter,  model  DSC-2. The  tempera-  
ture  calibration o f  the ins t rument  was carr ied out  a t  the melting points o f  indium 
(m.p. 429.8 K) and  lead (m.p. 600.7 K). 
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Fig. 1. A typical DSC trace for ~3--iead azide obtained with a heating rate 0.33 K s - z .  

F o r  a typical  D S C  run  the  s a m p l e  cons i s t ed  o f  3 -8 /~ - l ead  az ide  crys ta ls  each  o f  
size ~ 5 m m  × 200 p m ×  30 p m  a n d  ss~ith the  to ta l  weight  o f c r y s t a l s  be ing  0 .2 -1 .0  
rag. T h e  s a m p l e  was  p laced  in an  a l u m i n i u m  foil  pan  and  then  c o v e r e d  wi th  an  
a l u m i n i u m  lid. T h e  pu rge  ~;qq v-as a r g o n  a t  a p ressure  o f  168 k Pa ;  t he  t e m p e r a t u r e  o f  

the  pan  was  increased  a t  a pre-se lected rate.  As  Fig.  I s h o ~  the  D S C  t race  o f  this  
mater ia l  has  on ly  one  peak  ( s o m e  e x o t h e r m i c  mater ia l s  e.g. t e t racene  5 a n d  lead  
azotetr~.~.ole 6 p r o d u c e d  D S C  traces  with m o r e  than  o n e  peak) .  D S C  t races  were  

o b t a i n e d  for  va r ious  hea t ing  ra tes  in the  range  0 .021-0 .667  K s -~  ( i .25--40.0 K 

m i n -  I)  f r o m  which  p e a k  t e m p e r a t u r e s  were  measu red .  

RI~;U'LTS 

It  was  f o u n d  t ha t  t he  p e a k  t e m p e r a t u r e  o f  the  t r ace  inc reased  wi th  the  ra te  o f  
h e a t i n ~  Th i s  o b s e r v a t i o n  is in a ~ e e m e n t  wi th  t h o s e  o f  m a n y  w o r k e r s  5' 7. s a n d  can  
be  used  to  der ive  d e c o m p o s i t i o n  p a r a m e t e r s  us ing  the  m e t h o d s  o f  Kiss inger  9 a n d  
OzawaS .  9 which  axe briefly desc r ibed  be low.  

( A )  ATxsinger method 
It  was  s h o w n  b y  M u r r a y  a n d  W h i t e  ~ t ha t  fo r  a first  o r d e r  chemica l  r eac t ion  

A e _ E . x r  " _ E d T  
RT.2  at O) 

w h e r e  R is the  ~ cons t an t ,  T t h e  a b s o l u t e  t e m p e r a t u r e ,  dT/dt the  hea t ing  rate ,  T ,  t he  
p e a k  t e m p e r a l u r e ,  E the  ac t iva t ion  e n e r g y  fo r  d e c o m p o s i t i o n  a n d  A the  p r e - e x p o n e n -  
tial fac tor .  E q u a t i o n  (1)  c~r, be  wr i t t en  as  

(_7_) In = ]n R T .  (2) 

w h e r e  
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Fig.  ~ Plots  .~T , - ' -  vs. T , , - t - 0  (Kissinger  Method)  a n d  ~ vs. T , - L 0  (Ozav,~ Method).  

d T  
0 -  at  

Kissinger 9 p lo t ted  ln(,~/T~,) vs l IT .  for  a n u m b e r  o f  mater ia ls  and  ob ta ined  
s t ra ight  lines f rom which  he  ca lcula ted  the  act ivat ion e n e r ~ e s  o f  the  reactions.  

In  a subsequen t  paper  Kissinger  t °  showed  tha t  eqn.  (2) ho lds  for  an  n 'h o rde r  

react ion as w e l l  
A p lo t  o f  i n (O/T ,  z) vs liT,, for /~- lead azide is shown  in F i ~  2. I t  will be seen 

tha t  it is a g o o d  s t ra ight  line. T h e  value o f  the  ac t ivat ion energy obtain.-~l is 39 - -  2 
kcal  m o l e -  t. T h e  pre-exponent ia l  fac tor  is 9.7 --' 0.4 × 101 z s -  i. This  value is N 107 
t imes smaller  than  the  value  repor ted  by G a r n e r  a n d  G o m m  for  slow decompos i t ion ,  
t h o u g h  it agrees well wi th  the  value o f  1.2 x 1013 s -  z for  d e t o n a t i o n  I z 

(B) Ozawa method 
A different  m e t h o d  for  ob ta in ing  the  kinetic pa ramete r s  f rom t h e r m o ~ a r n s  has 

been developed Ozawa  s. Ozawa 's  analysis  shows  tha t  for  a general ized chemical  
reac t ion  l iT ,  varies linearly wi th  In(0) ,  a n d  the  s lope  o f  the  line is --0.456 E/R. 
K_,ien 6 has  successfully used  this a p p r o a c h  for  analys ing the  D S C  d a t a  for  lead 

azotetrazole.  
F igure  2 shows  t h a t  a p lo t  o f  In (0 )  vs I /T ,  is a s t ra ight  line. T h e  ac t ivat ion 

energy ob ta ined  f rom this line is 40 --  1.5 kcal  m o l e -  ' ,  which  is in  g o o d  ag reemen t  
wi th  tha t  ca lcula ted by the  Kissinger  m e t h o d .  " 

DISCUSSION 

This  investi~afion has  s h o w n  tha t  differential  s cann ing  ca lor imet ry  can  be  
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Fig. 3. Plot of In ds~. T -~ (Roger and Morris Method). 

su__~:ess_ fuliy used for  decompos i t i on  s tudies  o f  ~-Iead azide. I t  is on ly  recently tha t  
workers  have appl ied D S C  techniques  to s tudies o f  explosive materials .  Previously,  
mos t  o f  the  thermal  decompos i t i on  s tudies  o f  explosives were m a d e  isothermally ,  the  
rate o f  react ion being fol lowed by m o n i t o r i n g  the  rate o f e v o l u t i o n  o f~ageous  p roduc t s  
o f  the  decompos i t i on  z2, 13  In  o u r  D S C  studies  the  sample  t empera tu re  increases 
with t ime a n d  the  agreement  o f  the  ac t ivat ion ene~oy for  decompos i t i on  f o u n d  by 
this t echnique  ~ i t h  tha t  f ound  by G a r n e r  and  G o m m  4 suL, gests  tha t  the  two  different  
techniques  can  yield s imilar  results. I t  is a lso  possible to  m a k e  successful i so thermal  
d~. .omposi t ion s tudies  wi th  the  DSC,  as has  been s h o w n  in recent  w o r k  o n  te t racene s. 

Besides the  Kissinger  a n d  Ozawa m e t h o d s  o f  analysis,  a n o t h e r  m e t h o d ,  due  to  
Roge r  a nd  Morr i s  t - ,  h ~  also been emp loyed  by s o m e  workers .  In  this a p p r o a c h  
act ivat ion energy  is der ived f rom a D S C  trace,  us ing the  ,-elationship 

i n d l  -- lnd_, 
- - E = R  O )  

ZlTt  - -  l I T 2  

where  d I a nd  d ,  a rc  the  dis tances  betw-ecn the  po in t s  o n  the  curve  a n d  the  baseline 
co r r e spond ing  to  t empera tures  Tt  and  7",_ respectively. We have  m a d e  plo ts  o f  In d 
vs  l I T  as  s h o w n  in Fig. 3 and  f o u n d  tha t  the  a_,-tivation energy  for  decompos i t i on  isi 
I I0  '-- 6 keal m o l e -  z which is a fac tor  o f  ~- 3 greater  t han  t ha t  f o u n d  by  the  K i s s i n g ~  
a n d  Ozawa  methods .  However ,  the  Roge r  a n d  Morr i s  m e t h o d  is on ly  appl icable  t o  
react ions  which  are  governed  by  an  e~luation d . t / d t  ~ k, where  ~ is t he  fract ional  
d eco mpos i t i on  a t  t ime  t, a n d  k is t im rate  cons t an t  (i.e. A e - ~ z r ) .  F o r  a reac t ion  
obeying  -~ = k t  ~ where  n > !,  eqn .  (3) will n o t  apply .  

O u r  values o f  the  ac t iva t ion  energy for  decompos i t i on  of/~-lead azicle is h igher  
t h a n  tha t  for  -,-lead azide (30 kcal  mo le  - z )  r epor t ed  by F o x  ~s a n d  slightly I__~s t h a n  
tha t  f o u n d  by G a r n e r  a n d  G o m m  for  ,,-lead azide (47.7 kcal m o l e -  ~). Th is  c o m b i n e d  
with the  fact  t ha t  f rac ture  o f  lead :aTid¢ does  no t  init iate a n  explosive reac t ion  suggests  
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tha t  explos ions  du r ing  the  crystal l izat ion o f  lead azide f r o m  so lu t ions  is m o r e  ]ikely 
to  be due  to  the  electrical discharges  be tween  layers o f  crystals t 6. 17 
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