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ABSTRACT 

Chemical r e a c t i v i t y  t e s t  da ta  a re  repo r ted  which i n d i c a t e  a  c o r r e l a t i o n  
between t h e  volume o f  gas evolved by PBX 9404 and (1 )  t h e  sample holder ,  
( 2 )  t h e  order  i n  which t h e  samples a r e  run  and/or the  p o s i t i o n  the  
samples a r e  cond i t i oned  i n  the  o i l  bath. Runs were a l s o  made on samples 
t h a t  were immersed 63.5 and 76.2 mm i n t o  t h e  bath. 

Thermal decomposit ion da ta  a r e  g iven f o r  PETN which show i t s  r e a c t i o n  
mechanism t o  be dependent on temperature and/or t he  e x t e n t  of t h e  
r e a c t i o n .  A c t i v a t i o n  energies o f  6000 and 980 joule/mole (22 and 4  
kca l  /mole) were c a l c u l a t e d  from the  data.  

DISCUSSION 

INVESTIGATION OF THE VARIABLES I N  THE CHEMICAL REACTIVITY TEST DATA 

The i n v e s t i g a t i o n  i n t o  the  source o f  t h e  v a r i a t i o n s  i n  t he  chqmical 
r e a c t i v i t y  t e s t  has cont inued t h i s  qua r te r .  Prev iously ,  i t  has been 
shown t h a t  (1 )  a  one degree change i n  the  temperature would cayse a  9% 
change i n  the  volume o f  gas evolved f rom PBX 9404, ( 2 )  small v a r i a t i o n  
i n  t h e  we igh t  o f  t he  PBX 9404 would have caused o n l y  very small v a r i -  
a t i o n s  i n  t h e  t o t a l  gas evolved, and ( 3 )  a  change i n  the  immersion depth 
f rom 50.8 t o  76.2 mm depth o f  the  sample ho lder  i n  the o i l  bath would 
cause a  s i g n i f i c a n t  v a r i a t i o n  i n  t o t a l  gas evolved. 

I f  chemical r e a c t i v i t y  samples o f  PBX 9404 a re  cond i t ioned i n  an oven 
(complete immersion), t h e  samples evolved about the  same amount o f  gas 
as a  sample immersed 76.2 mm i n  the o i l  bath.  Therefore, a  p r e l i m i n a r y  
t e s t  was made t h i s  q u a r t e r  t o  compare data Prom samples immersed 63.5 mm 
t o  those immersed 76.2 mm. These data a re  g iven i n - T a b l e  I, b u t  ~ n l y  
two samples immersed 63.5 mm were run  and these had such a l a r g e  v a r i a t i o n  
i n  t he  t o t a l  gas evolved (0.352 t o  380 ma) t h a t  no conclus ion can be 
made. I t  w i l l  be necessary t o  make a d d i t i o n a l  runs next  qua r te r .  

Another s e r i e s  o f  t e s t s  was run  us ing the  same sample holders, bu t  
va ry ing  t h e o r d e r  i n  which they were run. Run No. 1 was the  f i r s t  run  of 
t he  day and the  sample was l oca ted  i n  t he  f r o n t  o f  the o i l  bath. Run 
No. 2  was the  second and i t  was loca ted i n  the  o i l  bath j u s t  behind No. 
1. Table I 1  l i s t s  the  data from the same sample holders i n  the order  o f  
i nc reas ing  t o t a l  gas volumes minus the n i t rogena.  With o n l y  Qne except ion 
(sample ho lder  No. 16 Run No. 4 )  the gas volume increases w i t h  run  
number i n d i c a t i n g  a  poss ib le  c o r r e l a t i o n  between the  sample holder ,  run  
number and/or p o s i t i o n  i n  t he  o i l  bath w i t h  the  volume o f  gas evolved 
f rom the  sample. 

a h7itrol;8n was excluded fi-om the  t o t a l  gas kvoZved t o  reduce the v a r i a t i o n s  
caused by esmnli a i r  leaks. 
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Table I. Chemical Reactivity 'Test Data . . 

for PBX 9404 

.(Gas Volumes in ma at STP) . . 

(0.250 g Conditioned at 120 C for 22 hrs) 

&- CO N 0 C02 -!!& Total 

76.2 mm Immersion Depth 

0.017 0.032 0.195 0.115 , 0.014 

63.5 mm Immersion Depth I 



Table 11. chemical R e a c t i v i t y  Tes t  Data f o r  PBX 9404 
. . 

(Gas Volume i n  ma a t  STP) 

, (0.250 g Condi t ioned a t  120 C f o r  22 Hours) 
, 

Sampl e Run Mean 
Holder Order To ta l  o f  To ta l  

No. No. -.A?- C 0 NO C07 N70 .. To ta l  .. -N7 -M2 CJ 

Mean 
.. . Std. ' Dev. 



A1 1  o f  t h e  runs g iven i n  Table I I. were, made over a  seven day p e r i o d  and . , 

t he  mean and standard d e v i a t i o n  f o r  t he  t o t a l  volume o f  gas and the  
t o t a l  volume o f  gas minus. the n i t r o g e n  a r e  0.385 a 0.015 and 0.364 + 
0.011, respec t i ve l y .  

I f  t h e  da ta  f rom sample holders 13 and 18 a re  compared, then t h e  r u n  
order  number i s  the  more s i g n i f i c a n t  va r i ab le .  As can be seen i n  Table 
111, t h e  mean and standard d e v i a t i o n  f o r  t h e  t o t a l  gas evolved minus t h e  
n i t r o g e n  f rom Run No. 1 and No. 6  a r e  0.357 + 0.002 and 0.373 + 0.004 
ma, respec t i ve l y ,  i n d i c a t i n g  t h a t  t he  r u n  number and/or p o s i t i o n  has a  
g rea te r  e f f e c t  on the  v a r i a t i o n  i n  t he  gas evolved than the  p a r t i c u l a r  
sample ho lder  . 
Three poss ib le  sources o f  v a r i a t i o n  are: 

1. Var ia t i ons  i n  t he  i ns t rumen ta t i on  du r ing  the  day such as t h e  
c o n d i t i o n  o f  t he  column o r  t he  s e n s i t i v i t y  o f  the  de tec tor ,  
e t c .  

2. V a r i a t i o n  i n  t h e  temperature o f  t he  o i l  bath w i t h  t ime, o r  a  
temperature g rad ien t  i n  the  o i l  bath. 

3 .  Difference i n  t h e  sample holders.  

Some p r e l i m i n a r y  runs were made on a  t h i r d  s e r i e s  o f  t e s t s  which w i l l  be 
completed nex t  quar te r .  I n  t h i s  t e s t  ser ies ,  the  p o s i t i o n  o f  t he  
sample i n  t he  o i l  bath and the  r u n  number were changed from t h a t  used i n  
t he  s e r i e s  descr ibed p rev ious l y .  These data  are  g iven i n  Table I V  f o r  
two se ts  o f  runs made 21 days apartb. The v a r i a t i o n  between r u n  No. 1 
and No. 6  has been e l im ina ted;  t he  reason f o r  the  v a r i a t i o n  remains 
unknown. 

The t e s t s  t o  da te  i n d i c a t e  t h a t  a  b e t t e r  temperature c o n t r o l l e d  o i l  ba th  
would he lp  t o  reduce the  v a r i a t i o n s  i n  t he  chemical r e a c t i v i t y  t e s t  
data. 

THERMAL DECOMPOSITION OF PETN 

Last  qua r te r  a  l i m i t e d  amount o f  data were repor ted  i n d i c a t i n g  t h a t  t he  
thermal decomposit ion mechanism o f  PETN i s  dependent on temperature 
and/or the  c x t e n t  o f  t he  reac t i on .  Add i t i ona l  data c o l l e c t e d  t h i s  
qua r te r  cont inue t o  i n d i c a t e  t h i s  dependency. 

'Dwing the  second sot  of runs, the  laburuLu2y air conditioning was not 
working and the  temperature varied from a low of 24 C -Lo 32 C during 
t h e  day and t h i s  may have caused the  second s ~ t  of runs t o  hnt~e a larger 
volwne o f  gas evolved. 



Table 111. Chemical R e a c t i v i t y  Tes t  Data f o r  PBX 9404 

(Gas Volumes i n  ma a t  STP) 

(0.250 g Condi t ioned a t  120 C f o r  22 Hours) 

Sarnpl e Run . . Mean 
Holder Order To ta l  o f  T o t a l  

CO .N 0 .No. No. N 2 C02 . N20 To ta l  L!!L -N a 



Table I V .  Chemical R e a c t i v i t y  Tes t  Data fo r '  PBX 9404 
. . 

(Gas Volume i n  ma ' a t  STP) . . 

(C.250 g Samp1es:~cndi t ioned a t  -120 C f o r  22 Hours9 

Run Pcs i  ti on 
.No. - Date i t - "  Bath N CO N 0 CO N20 T o t a l  

1 061 17/75 Back 0.019 0.033 0.196. 0.121 0.015 0.384 

6 06/ 1:/75 F r o n t  0.010 10.032 ' 0.199 0.122 0.015' 0.378 

Back 

F r o n t  
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. . The r e a c t i o n  r a t e  can be .represented by, . .  . . 

. . 
. . ., . ,  

. : .  dc /d t  = Ae-E/RTCn. " ( g  . . . . 

where C i s  the  e x t e n t  o f  t h e  r e a c t i o n  a t  t ime t and temperature T, A i s  
t h e  pre-exponential f a c t o r ,  E  i s  t he  a c t i v a t i o n  energy and n  i s  t he  degree 
o f  t h e  r e a c t i o n .  Equation ( 1 )  reduces t o  

/ dC/Cn = ((Ae E / R T ) t  + constant  ( 2 )  

I f  t h e  e x t e n t  o f  t he  r e a c t i o n  i s  constant,  then / dC/Cn = f (C) = constant  
and equat ion  ( 2 )  can be s i m p l i f i e d  t o  

I n  t = E/R (1/T)  + constant.  

The a c t i v a t i o n  energy can be determined from the  s lope o f  t he  p l o t  o f  
t h e  l o g  o f  t ime as a  f u n c t i o n  o f  1/T f o r  g iven ex ten ts  o f  reac t i on .  

The data  c o l l e c t e d  t o  da te  a r e  g iven i n  Table V, and Figs.  1 and 2 a re  
p l o t s  o f  t h e  t o t a l  volume of gas evolved as a  f u n c t i o n  o f  t ime. From 
these graphs t h e  t ime f o r  g i ven  ex ten ts  o f  r e a c t i o n  were determined. 
F ig .  3 i s  a  graph o f  t h e  l o g  t ime as a  f u n c t i o n  o f  1/T f o r  g iven ex ten ts  
o f  r e a c t i o n .  The data produce a  f a m i l y  o f  curves, r a t h e r  than s t r a i g h t  
l i n e s ,  i n d i c a t i n g  t h a t  t h e  apparent a c t i v a t i o n  energy i s  changing w i t h  
temperature. The a c t i v a t i o n  energy, ca l cu la ted  from two d i f f e r e n t  p a r t s  
o f  t h e  curve  A and B, were 6000 and 980 j o u l  e/mole (22 and 4 kcal/mol e )  , 
r e s p e c t i v e l y .  

I n  a d d i t i o n  t o  t h e  dependency of the r e a c t i o n  mechanism on t ime and/or 
temperature, o t h e r  data have p rev ious l y  been presented which i n d i c a t e  t h a t  
t h e  r a t e  o f  decomposit ion i s  a l so  p a r t i c l e  s i z e  dependent. 

The major i n t e r e s t  i n  t h e  thermal decomposit ion o f  PETN ' i s  below 100' C., 
and s ince  t h e  sample ho lders  used are sub jec t  t o  leak  over long per iods '  ', 

o f  t ime, a l l  g lass  sample holders w i t h  break seals a re  being acqui red , . . 

f o r  t he  low temperature, l ong  t ime runs.  

. . 
. . 

FUTURE W O R K ,  COMMENTS, CONCLUSIONS 

, P rev ious l y  the  i n v e s t i g a t i o n  i n t o  the v a r i a t i o n s  i n  the chemical' r e a c t i v i t y  
t e s t  data have shown t h a t  smal l  v a r i a t i o n s  i n  the  temperature o f  t he  o i l  . . 

ba th  used t o  c o n d i t i o n  the  samplers and the  depth the  samples are immerse'd. 
. . 

i n t o  t h e  o i l  ba th  were the  major sources o f  v a r i a t i o n  i n  the volume o f  
gas evolved from PBX 9404. 

. . 

Tests made t h i s  q u a r t e r  show a  c o r r e l a t i o n  between the  volume o f  gas 
evolved, t he  sample ho lder ,  and the order  i n  which the samples are  r u n  
and/or t h e i r  p o s i t i o n  i n  the  o i l  bath. Add i t i ona l  t e s t s  a re  planned t o  
determine the  degree o f  v a r i a t i o n  each o f  the '  above parameters produce. 



Time a t  
Temperature 

( h r s )  
Temperature 

( c >  

'9 

Table V.  Chemical R e a c t i v i t y  Test  Data f o r  PETN 

(G3s Volume i n  ma Corrected'  t o  STP) 

(0.250 g Sampl es ) 

A C 0 NO C07 N?O To ta l  

F r a c t i o n a l  
Decomposi t i  on 
To ta l  , 10-2 
200 ma 

a Air leak 



0 300 GOO : 900 1200 1500 1800 '2100 ' 2400 
Time ( h r s )  

F i g .  1. To ta l  Gas Evolved f rom PETN as a Func t ion  o f  ~ i ' m e  
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Temperature ( C )  

120 115 110 105 100 95 
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Tota l  Extent  o f  
Gas React ion 

Evol ved ( '% ) 

0.075 0.035 
0.100 0.050 

A 0.200 0.100 

* 0.300 0.150 

8 0.400 0.200 

10 I I I I 
0 2.6 2.7 2.8 

1000/ K 

F ig .  3. Log o f  Time as a Funct ion o f  the Reciprocal o f  the 
Absolute Temperature f o r  Various Extent  o f  React ion 
o f  PETN 



. . . . . , 

The i n v e s t i g a t i o n  i n t o  t h e  thermal decomposition o f  P E T N  was cont inued ' 
t h i s  quarter ,  and the  data  cont inue t o  i n d i c a t e  t h a t  t he  r e a c t i o n  mechanism . . . . . 
i s  temperature and/or ex ten t  o f  r e a c t i o n  dependeni. . . 

, . 

Because o f  t h e  1 eaks encountered w i t h  t h e  'chemical . r e a c t i v i t y  t e s t ' s  ' ,  . . . 

sample holders, i t  w i l l  be necessary t o  use another type o f  sample , . . . 

ho lder  t o  i n v e s t i g a t e  t h e  decomposition below 100 C. There fore , .g lass"  , 

. sample holders w i t h  break seals w i l l  be used t o . o b t a i n  data a t  100 C an'd 
. . be1 ow. . . .  

. . 




