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ABSTRACT . . . . .  , 

. . .  . .  . . . 

Resu l ts  were obta ined f rom f i v e  LX-13 batches formulated from PETN 
p r e c i p i t a t e d  p r e v i o u s l y  by the  cont inuous method. Extrudabi I i ty r e s u l t $  
i n d i c a t e  t h a t  a  reduced temperature improves e x t r u d a b i l i t y ,  D e t o n a b i l i t y  
was improved over prev ious  continuous batches. 

Three a d d i t i o n a l  batches o f  PETN have been p r e c i p i t a t e d  a t  reduced 
temperatures t o  eva l  ua te  t h e  e f f e c t  o f  temperature on extrudabi  1  i ty and 
de tonab i l  i t y .  

DISCUSSION 

DETONATION VELOCITY TESTING . . 
. . 

The f i v e  PETN batches p r e c i p i t a t e d  prev ious ly ,  th ree l a s t  qua r te r  and 
two i n  the  second q u a r t e r  of 1975, were formulated i n t o  LX-23 and the  
e x t r u d a b i l i t y  and d e t o n a b i l i t y  o f  t h e  LX-13 were evaluated as before.  
The r e s u l t s  a r e  presented i n  Table I. Also presented f o r  cgmparison are  
LX-13 l o t s  ( t h e  l a s t  t h r e e  appearing on t h e  t a b l e )  prepared from a 
t y p i c a l  ba tch -p rec ip i ta ted  PETN batch and from t y p i c a l  batches o f  
cont inuous ly  p r e c i p i t a t e d  PETN which have been repor ted  prev ious ly .  
D e t a i l s  o f  t h e  f o r m u l a t i o n  parameters used i n  t h e  f i v e  batches of PETN 
t e s t e d  a r e  g i ven  i n  Table I 1  along w i t h  those batches p r e c i p i t q t e d  
t h i s  quar te r  a t  reduced temperatures which a re  y e t  t o  be tested.  I 
The r e s u l t s  i n  Table I i n d i c a t e  t h a t  some improvement i n  e x t r u d a b i l i t y  
and d e t o n a b i l i t y  have been achieved. Except where noted, a l l  de tonat ion  

\. 

v e l o c i t i e s  and e x t r u d a b i l i t y  r e s u l t s  i n  Table I are averages o f  measurements 
on two t e s t  b locks  loaded from each LX-13 l o t .  P a r t i a l  burns were 
experienced where p r e v i o u s l y  f a i l u r e  t o  propagate had occurred. The 
e x t r u d a b i l i t y  o f  t h e  LX-13 l o t s  f rom each o f  t he  f i r s t  f i v e  PETN batches. 
l i s t e d  i n  Table I was comparable t o  t h a t  o f  the  previous LX-13 batches 
shown, which were made f rom a d i f f e r e n t  parent  l o t  o f  PETN. (The 
o r i g i n a l  PETN l o t  was changed between batches ending w i t h  5150-02, and 
batches s t a r t i n g  w i t h  5156-01 due t o  s i z e  l i m i t a t i o n  o f  the  M i l  Spec 
l o t . )  Comparison o f  r e s u l t s  from d i f f e r e n t  parent  l o t s  i nd i ca tes  t h a t  
t h e  p u r i f i c a t i o n  o f  t h e  PETN does e l im ina te  some o f  t he  v a r i a t i o n s  
between l o t s  such as those observed by product ion.  

The h ighes t  o v e r a l l  e x t r u d a b i l  i t y  ( o f  t he  f i v e  new batches repor ted)  was 
a t t a i n e d  w i t h  PETN batch 5259-02, which was made w i t h  the  small (32 mm) 
tapered i m p e l l e r  a t  t he  lower f l ow  r a t e s  and low temperature and a g i t a t o r  
speed. However, batch 5259-01, made w i t h  t h e  small impe l l e r  a t  t he  low 
f l o w  r a t e s ,  t h e  h igh  (21  C) temperature, and h igh  a g i t a t o r  speed had 
comparable e x t r u d a b i l i t y  w i t h  the LX-13 made from product ion 's  batch 
p r e c i p i t a t e d  PETN. Detonation v e l o c i t i e s  f o r  each batch i n d i c a t e  t h a t  
batch 5259-01 was s l i g h t l y  b e t t e r  than 5259-02 because one o f  t he  DV 
b locks  on batch 5259-01 f i r e d  enough t o  measure the  v e l o c i t y  and the  
o the r  stopped be fo re  t h e  seventh (nex t  t o  l a s t )  p o r t  on the  DV block, 
whereas 5259-02 stopped a t  the  f i f t h  p o r t  o f  the  15 m i l  t r ack  on one DV ! 

b lock  and a t  t h e  second p o r t  o f  the 15 m i l  t r a c k  on the  o ther  b lock.  



The phenomenon o f  incomplete f i r i n g  i n  any of t he  t racks  a l s o  occurred 
i n  batches 5156-01 and 5156-02, poss ib l y  i n d i c a t i n g  a  separa t ion  problem 
i s  occu r r i ng  i n  t he  narrower channels. The low read ing  o f  6.994 km/sec 
i n  the  15 m i l  t r a c k  on batch 5156-01 might  a l s o  support  t h i s  theory.  
Fur ther  work w i l l  be done t o  t ry t o  e l i m i n a t e  t h i s  problem. 

PETN FORMULATION 

Cont inuing the  p a r t i a l  f a c t o r i a l  experiment o u t l i n e d  l a s t  quar te r ,  th ree  
more batches o f  PETN were formulated t h i s  qua r te r  f o r  f u r t h e r  eva lua t i on  
o f  t he  temperature e f f e c t  on LX-13 p rope r t i es .  The th ree  batches were 
planned t o  s imu la te  cond i t i ons  used p rev ious l y  i n  o rder  t o  eva lua te  the  
e f f e c t  o f  f l o w  ra tes ,  a g i t a t i o n ,  and i m p e l l e r  s i z e  a t  the  lower temperatures 
on the  e x t r u d a b i l i t y  and d e t o n a b i l i t y  of PETN. Condi t ions used a r e  
summarized i n  Table I1 accompanied by the  r e s u l t i n g  a i r  permeametry 
[So(P)l  and gas adsorp t ion  [So(G)] sur face areas. Photomicrographs o f  
samples o f  each o f  t h e  th ree  batches a t  a  m a g n i f i c a t i o n  o f  160X were 
obta ined and a r e  presented i n  F ig.  1. LX-13 batches a re  c u r r e n t l y  being 
formulated from each o f  the  th ree  PETN batches. Extrudabi 1  i ty r e s u l t s  
and detonat ion  v e l o c i t i e s  w i l l  be repo r ted  i n  t he  nex t  q u a r t e r l y  r e p o r t .  

Some d i f f i c u l t y  was encountered i n  lower ing  the  temperature o f  t h e  water 
a t  t he  h i g h  f l o w  r a t e s  used i n  batches 5304-01 and 5304-02, b u t  t h e  
sur face areas seem t o  i n d i c a t e  the  . s l i g h t l y  h igher  temperature (11  C 
versus 8 C) d i d  n o t  a f f e c t  t he  c r y s t a l  f o rma t ion :g rea t l y .  A  new design 
f o r  t h e  heat  exchanger used i s , i n  process and when complete w i l l  improve 
the  c o o l i n g  c a p a b i l i t i e s  and a l l o w  c l o s e r  c o n t r o l  o f  the  temperature. 

CONCLUSIONS,COMMENTS AND FUTURE WORK 

The e x t r u d a b i l i t y  and d e t o n a b i l i t y  o f  LX-13 formulated f rom cont inuous ly  
p r e c i p i t a t e d  PETN can be improved by ma in ta in ing  a r e l a t i v e l y  slow f l o w  
r a t e ,  by vary ing  the speed o f  the  smal l  i m p e l l e r  and/or by lower ing  the  
temperature o f  t he  water. The e x t r u d a b i l i t y  and d e t o n a b i l i t y  o f  t he r -  
ma l l y  p u r i f i e d  PETN a re  n o t  a f f e c t e d  apprec iab ly  by the  d i f f e rences  
between l o t s  o f  M i l  Spec PETN, 

Fur ther  work w i l l  be done a t  bo th  low (approximately 8 C) and t h e  h igher  
temperatures (approximate ly  21 C) t o  evaluate o ther  va r i ab les  i n  the  
fo rmu la t i on  o f  PETN ( d r y i n g  method, feed method, and water-acetone f low 
r a t i o ) .  E f f o r t s  w i l l  cont inue t o  develop the  cont inuous process as a  
method o f  e l i m i n a t i n g  l o t - t o - l o t  v a r i a t i o n s  i n  LX-13 performance. 

I 
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Batch No. 
PETN LX-13 

5156-01 20-75-1020-205 

5156-02 20-75-1023-206 

5258-01 20-75-1027-209 

5259-01 ' 20-75-1024-208 

5259-02 20-75-1025-207 

Table I. PETN/LX-13 Results 

' PETN Surface 
Area (mZ/kg) PETN' '. Length Extruded , . 

Perkin.  Batch Down The Track (ml 
FSSS . . Elmer S ize . Track S ize In '11;ches . 
So(P) , So(G)' (kg)  0.015 0.020 . 0.035 

V E T N  Batch Ilo; -10-73-0294-103; a production batch-precipitated PETN batch. 

F = Failed t o  propagate 

PB = Partial burn -. did not obtain reading on e i ther  biock. 

a Burn stopped before 4th port on one block; 2nd block fired 

b ~ u m  stopped before 2nd port on one block; 2nd block fired 

C Bum stopped before 7 th  port on one block; 2nd block fired 

d ~ u m  stopped before 6 th  port on one blbck; 5th port on the other 

e Burn stopped a t  5th port on one block; 2nd port on the other 

Detonat ion Veloc i  t v  (km/sec l , - - - ,  
Track S ize In 1iches 

0.015 0.020 0.035 0.080 



Table I I .  Formulation Procedures 

P ETN 
Batch No. 

Batch Acetone Water Water Impel 1 e r  Agitator Surface Area 
S i  zs Flow Rate Fl ow Rate Temperature Diameter Speed . So(P , So(G 
( kg )  (cm3/sec j (cm3/sec) ( C  > (mm 1 

a 
A 64 mm diameter turbine impeller with six flat blades, each 10 rnm wide, pitched at 45 degrees to 
throw material &wn when rotated ciockwise. 

b~ 64 mm dtameter impeller with six tapsred 3Zades 

AZZ PETN hatches thermally purified twice from DuPont Mil Spec PETN Lot. 398. 



Fig. 1. Photogaphfc ~aopbs of ~ ~ m u t a t e d  PETI) at 160 X M n l f l -  
catSon (Tfmpwakm Effect an Lk13 Pmpwtl@S)  




