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WURABlLllY ENHANCEMENT OF PETN EXPLOSIVE WWDERS 

Marcia Dee Vannet and George L. B a l l  

MRC-Mound 

Miamisburg,, Ohio 45342 

ABSIBACT 

Manufacture o f  p rec i s ion  detonators requi res the p e l l e t i z i n g  o f  very 

f ine,  organic, c r y s t a l l i n e  explos ive powders. Production o f  p e l l e t s  i n  

automatic machines w i t h i n  c r i t i c a l  dimensional and weight tolerances requ i res  

t h a t  the powders pour un i formly i n t o  d i e  cav i t i es .  The p e l l e t s  must be able 

t o  be i n i t i a t e d  w i t h  low energy and have a p red ic tab le  energy output. 

cat ions t o  needle- l ike c r y s t a l l i n e  PETN explos ive powders t o  make them pour- 

able were introduced by the app l i ca t i on  o f  about 80 A t h i c k  polymeric coatings 

t o  the i n d i v i d u a l  c rys ta l s ,  fo l lowed by a c o n t r o l l e d  agglomeration i n t o  a 

spherical p r i l l .  

the r e s u l t  us ing l ess  than 0.5 w t .  X coat ing (an order o f  magnitude less  

coating than i n  usual PBX systems). 

the energy requi red t o  i n i t i a t e  and s i g n i f i c a n t l y  increased the  s t rength of 

the pe l l e t s .  

appl icat ions, was t h a t  powders t h a t  e x h i b i t  performance based on phys ica l  

cha rac te r i s t i cs  could have t h e i r  handling and s t rength p roper t i es  t a i l o r e d  

w i t h  l i t t l e  change i n  t h e i r  primary function. 

Mod i f i -  

Microencapsulat ion techniques provided the key t o  achieving 

These coat ings d i d  not  appreciably a l t e r  

A key po in t  demonstrated, which may be t rans la ted  t o  other  
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1. 1IIT;IOOUCTION 

The chemical ensrgy f o r  p rec i s ion  detonators i s  supplied by compacted, 

f i n e ,  organic, i r y s t d l l i n e  explos lvs powders. Th? Powders nay be compacted 

i n t o  h igh (near t h e o r e t i c a l )  densi ty  p f l l e t s  o r  lower (ca. h a l f  t h e o r e t i c a l  

densi ty  in-p lace moldings - depending on the s p e c i f i c  app l i ca t i on .  

performance o f  the detonator i s  dependent upon the compacted density, sur face 

area, and p a r t i c l e  s i z e  and d i s t r i b u t i o n  o f  t he  powder, i n  add i t i on  t o  i t s  

spec i f i c  chemical composition. I n  essence, the phys ica l  c h a r a c t e r i s t i c s  o f  

the powder are as important as i t s  chemical composition r e l a t i v e  t o  des i red  

performance as an explosive. 

The 

Both the  actual  value and un i fo rm i t y  o f  the densi ty  o f  the moldings or 

p e l l e t s  are c r i t i c a l  t o  t h e i r  des i red performance. Thi; performance i s  

re f l ec ted  i n  both the requi red i n i t i a t i o n  and the developed output  energies. 

Generally t h e  lower the densi ty .  the l ess  the energy requi red t o  i n i t i a t e .  

Powder sur face area also has an e f f e c t  on the a b i l i t y  t o  i n i t i a t e ,  bu t  t he  

degree and nature o f  t h i s  e f f e c t  depends on the method o f  i n i t i a t i o n .  

I n i t i a t i o n  methods inc lude hot  wires. exploding br idge wi res,  and slapper 

impact, which prov ide the  i n t r o d u c t i o n  o f  thermal andlor mechanical energy t o  

the compacted powder over a sho r t  i n t e r v a l  (nanoseconds). 

Typica l ly .  the des i red c r y s t a l l i n e  explos ive powders are needle- l ike i n  

Consequently, they do no t  pour (f low through a funnel  and d i s t r i b u t e  shape. 

w i t h i n  an i r r e g u l a r  c a v i t y )  we l l .  

length) ,  non-conductive powders t h a t  are subject  t o  e l e c t r o s t a t i c  forces and 

d ispers ion i n  a i r .  

and stearates, are r o u t i n e l y  added t o  explos ive powders. 

They a l so  are very f i n e  (3-30 pm e f f e c t i v e  

Conductive and pour-enhancing addi t ives,  such as g raph i te  

These add i t i ves  
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improve t h e i r  hand l i ng  c h a r a c t e r i s t i c s  (reduced f l o a t i n g  and s t i c k i n g  t o  t n e  

sur faces  o f  con ta iners ,  f o r  i ns tance ) ,  bu t  do not make t h e  oowders pourab le  

enough f o r  use i n  automat ic p e l l e t i n g  machines. 
I 

Pourable, and even cas tab le  o r  me l t -ex t rudab le ,  exp los i ves  can be 

produced by agglomerat ing and lor  coa t ing  energe t i c  powders w i t h  p l a s t i c s .  

These a re  r e f e r r e d  t o  as p las t i c -bonded exp los ives  (PBX) and g e n e r a l l y  c o n t a i n  

- 4  w t %  polymer, o r  more. The p o u r a b i l i t y  i s  p rov ided by t h e  rounded p l a s t i c  

sur faces  i nhe ren t  i n  the  s o l i d i f i c a t i o n  o f  p l a s t i c s  f rom the  m e l t  or s o l u t i o n ,  

and by the  genera t i on  o f  l a r g e r  p a r t i c l e s  hav ing  we igh ts  t h a t  overcome e lec -  

t r o s t a t i c  f o rces  and a i r  turbulence. 

i n  th ickness  and do decrease the  s e n s i t i v i t y  o f  t h e  exp los i ves  t o  i n i t i a t i o n .  

( I n  f a c t  when r e d u c t i o n  o f  i n i t i a t i o n  o r  p ropagat ion  s e n s i t i v i t y  i s  des i red ,  

p l a s t i c  bonding prov ides  t h a t  e f fec t . )  

These coa t ings  a re  g e n e r a l l y  n o t  un i fo rm 

The i n t e g r i t y  o f  a molding o r  a p e l l e t  used i n  a p r e c i s i o n  de tona to r  i s  

necessary f o r  h i g h  r e l i a b i l i t y  performance. Any i n t e r n a l  f rac tu res ,  o r  

su r face  o r  i n t e r f a c e  d i s c o n t i n u i t i e s  cou ld  p revent  de tona t ion  propagat ion.  o r  

even i n i t i a t i o n ,  o f  t h e  compacted energe t i c  powder ( e s p e c i a l l y  i f  an i n t e r f a c e  

between a b r idgew i re  and the  exp los i ve  i s  v i o l a t e d ) .  

t h a t  t he  compacted powder have s t r e n g t h  t o  m a i n t a i n  t h e  i n t e g r i t y  of  t h e  

molding, bo th  i n i t i a l l y  and a f t e r  exposure t o  v a r i o u s  thermal,  mechanical  

shock, v i b r a t i o n ,  and chemical environments. 

Thus i t  i s  impor tan t  

2. SUfiMARY 

Th is  r e p o r t  p resents  t h e  r e s u l t s  o f  a program t o  p r o v i d e  bo th  improved 

p o u r a b i l i t y  t o  d r y  exp los i ve  powders and increased s t r e n g t h  t o  moldings 
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prepared from these powders. The primary d r i v i n g  fo rce  was t o  make ava i l ab le  

powders t h a t  could be formed i n  automatic p e l l e t i n g  machines and then handled 

by robo t i c  manipulators. I n i t i a t i o n  s e n s i t i v i t y .  propagation, and t im ing  

cha rac te r i s t i cs  o f  t he  explosives were' t o  be maintained. 

The technique proven v iab le  incorporated the a p p l i c a t i o n  o f  very t h i n  

p l a s t i c  coatings t o  each o f  the i n d i v i d u a l  explos ive c rys ta l s ,  and then the 

agglomeration o f  these coated c r y s t a l s  i n t o  l a rge r ,  more spher ica l  p a r t i c l e s  

( p r i l l s )  which pour read i l y .  The coat ing and p r i l l i n g  were achieved du r ing  

suspension o f  the powders i n  a l i q u i d  medium which had no measurable e f f e c t  

on the s t ructure,  chemistry, p a r t i c l e  s i z e  o r  sur face area o f  t he  organic 

crysta ls .  

encapsulation, p r i l l  ing. and p l a s t i c  bonding technologies. 

The process t h a t  was developed incorporated features from micro- 

Other approaches were considered and may eventual ly  prove use fu l ,  such as 

blending i n  add i t i ves  o r  r e c r y s t a l l i z a t i o n  i n t o  more spher ica l  powders. 

3. TECHNICAL. DISCUSSIOW 

The experimental program consis ted o f  t he  t a i l o r i n g  o f  explos ive powders 

w i t h  polymeric ma te r ia l s  us ing  developed processes t h a t  incorporated features 

from p l a s t i c  bonding, microencapsulat ion and p r i l l i n g  technologies. 

t a i l o r e d  explosives were then character ized f o r  p o u r a b i l i t y ;  form, size, and 

appearance as powders; and s t reng th  and r e t e n t i o n  o f  explos ive p roper t i es  as 

pe l l e t s .  

The 

The i n i t i a l  development was done i n  1-5 g batches i n  l abo ra to ry  glass- 

ware, but  then was scaled t o  -100 g batches i n  a p i l o t  10-L vessel. The 

developed formulat ions and techniques are expected t o  be r e a d i l y  sca lab le t o  

1 kg  batches. 

38 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



3.1 l a t e r i a l s  

The basic mater ia ls  o f  i n t e r e s t  were f i n e  (3-30 vm), dry, explos ive 

c r y s t a l s  o f  h igh  pu r i t y .  The c r y s t a l s  were coated w i t h  thermoplast ic  

(so lub le)  h igh molecular weight po lymqs from so lu t i on  du r ing  suspension i n  a 

l i q u i d  nonsolvent medium. 

operation, requi red especia l ly  because o f  the very low weight o f  polymer 

addi t ion.  

Surfactants were used t o  f a c i l i t a t e  the  coat ing 

3.1.1 Explosive Powders 

The explosive powders o f  PETN (pen tae ry th r i t o l  t e t r a n i t r a t e )  ranging i n  

surface areas from 4,000 t o  12,000 cm2/g (measured by F isher  subsieve s i z e r )  

received the greatest  emphasis. 

s t ra ted  on other  explos ive materials, which had s i g n i f i c a n t l y  d i f f e r e n t  so lu-  

b i l i t y  and i n i t i a t i o n  s e n s i t i v i t y  cha rac te r i s t i cs .  

developed techniques on t h i s  set  o f  explosives 1) resolved any concerns over 

the  e f f e c t  o f  t he  organic solvents on the  organic c r y s t a l s  and 2). provided a 

range o f  i n i t i a t i o n  s e n s i t i v i t i e s  t o  b e t t e r  de f i ne  the des i red lack o f  e f f e c t  

o f  t h i n  polymeric coatings on i n i t i a t i o n  s e n s i t i v i t y .  One concern i n  us ing 

organic solvents i n  conjunct ion w i t h  the organic c rys ta l s ,  o f  course, was the 

p o t e n t i a l  f o r  change i n  c r y s t a l  morphology, p a r t i c l e  s i r e  andlor  sur face 

area. Such changes could not  be to le ra ted  f o r  p rec i s ion  detonator 

appl icat ions.  

However, the techniques were a l so  demon- 

Demonstration o f  t he  

Crysta l  morphology and surface area were a l so  examined. The s p e c l f i c  

types o f  PETN c r y s t a l s  (two) and t h e i r  surface areas are shown i n  Table 1. 

The two types o f  c r y s t a l s  were examined because they are o f  i n t e r e s t  f o r  
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TABLE 1 

D i f f e r i n g  Crysta l  Morphologies and a Range o f  Surface Areas o f  PETN 
Explosive Powders Were Examined t o  Define the Boundaries o f  the Process 

Surface Area 
I d e n t i f i c a t i o n  ($9) Crysta l  Shape 

ER 7477 
ER 7256 

ER 1419 
E R  1487 

ER 7478 

4000 
5000 
7000 

12000 
5000 

needle 
needle 
needle 
needle 
f lower  

detonator app l i ca t i ons  and they represent morphological d i f f e rences  t h a t  may 

cause d i f f e r i n g  s e n s i t i v i t i e s  t o  so lvents  or o the r  environments. The various 

surface areas were examined because o f  t h e i r  a p p l i c a t i o n  i n t e r e s t  and a l so  t o  

demonstrate the ava i l ab le  range over which angstrom-thick coat ings could be 

applied; i.e.. app l i ca t i on  o f  the same weight o f  polymer t o  a 12,000 cm2/g 

versus a 4,000 c d / g  sur face area would r e s u l t  i n  a coat ing o f  one- th i rd  the 

thickness. 

3.1.2 Polymeric Coatings and Sur factants  

The p l a s t i c  coat ing ma te r ia l s  were se lected based on t h e i r  h i s t o r i c a l  

a c c e p t a b i l i t y  and c o m p a t i b i l i t y  i n  PBX systems used i n  e a r l i e r  detonators. 

These c r i t e r i a  were used a f t e r  i t  was found. unexpectedly, t h a t  any so lub le 

polymer would work independent o f  i t s  s o l u b i l i t y  parameter. 

from h i g h l y  po la r  v i n y l  acetate t o  low sur face energy f l u o r i n a t e d  v iny l s .  

were invest igated.  This  independence was achieved by us ing ethanol as the  

sur factant .  

Polymers, ranging 

The thermoplast ic  polymers examined are shown i n  Table 2. The e thy l  

c e l l u l o s e  was used o r i g i n a l l y  t o  demonstrate t h e  coa t ing  concept s ince i t  had 
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TABLE 2 

A Wide Range of Thermoplastic,Polymers Was Examined and Found 
Acceptable for Microencapsulation of the Explosive Powders 

Ethyl Cellulose Polyvinylacetate 

Polystyrene Pol ymethylmethacryl ate 

Vinyl chl or ideltri fl uorochl oroethyl ene copolymer (FPC-461) 

well established microencapsulating characteristics. The other polymers 

were examined to demonstrate the latitude available in selecting the coating 

material independent of their inherent wetting abilities (solubility 

parameter). 

The vinylchloride/tr if 1 uoro-chioroethyl ene (FPC-461) represented a low 

surface energy polymer. 

PETN (PETN - 1.78 g/cc. FPC-461 - 1.7 g/cc). 

ever. because of its established performance in plastic bonded explosives 

(PEX) - which is why it was selected for most of the scaled up experimental 

effort. 

The density of FPC-461 very closely matches that of 

It was of prime interest, how- 

The cross1 inkable polymer systems of urea-formaldehyde and gelatin 

were also shown to be usable for microencapsulation o f  PETN explosive 

powders. 

pursued. 

3.1.3 Liquid Medium 

However, they require a more complex process and thus were not 

Liquids performed three primary functions: first, to disperse and suspend 

the explosive crystals so they could be individually coated; second, t o  dis- 

solve and dilute the polymers which are to form the coatings; and third, t o  

act as a surfactant. 
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The pr imary suspending medium was de ion i zed  water .  I t  was h i g h l y  advan- 

tageous because o f  t h e  i n s o l u b i l i t y  o f l o r g a n i c  c r y s t a l s  i n  i t , t h e  m i s c i b i l i t y  

o f  so l ven ts  i n  i t , i t s  p u r i t y ,  i t s  freedom from i n d u s t r i a l  hygiene problems, 

and i t s  ready a v a i l a b i l i t y .  

s t a b i l i z i n g  e f f e c t  on the  temperature,  thus  f o r c i n g  a more c o n s i s t e n t  p r e c i p i -  

t a t i o n  o f  t he  polymer. 

I t s  h i g h  thermal  c a p a c i t y  a l s o  cou ld  have a 

The so l ven ts  used i n  the  process  were se lec ted  f o r  1) t h e i r  l ack  o f  

e f f e c t  on the  energe t i c  c r y s t a l s ,  2 )  t h e i r  so lvency  power f o r  t h e  s p e c i f i c  

polymer, 3) t h e i r  a b i l i t y  t o  be e l i m i n a t e d  f rom t h e  f i n a l  p roduc t ,  and 4 )  

t h e i r  freedom from i n d u s t r i a l  hyg iene problems. The s p e c i f i c  so l ven ts  used 

t o  d i s s o l v e  and d i l u t e  the  polymers w i l l  be d iscussed w i t h  t h e  r e s u l t s  on 

s p e c i f i c  c o a t i n g  processes. 

The s u r f a c t a n t  p rov ided t h e  mechanism f o r  t h e  e n e r g e t i c  c r y s t a l s  t o  

a t t r a c t  t he  polymer ( i n  s o l u t i o n )  t o  depos i t  on t h e  c r y s t a l s ,  r a t h e r  than  t o  

have t h e  polymer p r e c i p i t a t e  as use less  spheres. A l though s u r f a c t a n t s  such as 

p o l y v i n y l a l c o h o l s  were examined and found t o  be u s e f u l ,  i t  was d iscovered t h a t  

e t h y l  alcohol., commonly used i n  t h e  p rocess ing  o f  e x p l o s i v e  powders. served 

t h e  f u n c t i o n  very  we l l .  

m a t e r i a l s  n o t  be incorpora ted  i n t o  the  system. t h i s  r e s u l t  was most 

f o r t u i t o u s .  

3.2 Processes 

Since i t  was d e s i r a b l e  t h a t  new and/or  d i f f e r e n t  

The developed process conta ined t h r e e  major  s tages :  f i r s t ,  t he  a p p l i -  

c a t i o n  o f  a c o a t i n g  i n  t h e  100 A t h i ckness  range t o  t h e  i n d i v i d u a l  exp los i ve  

c r y s t a l s ;  second. a c o n t r o l l e d  agg lomera t ion  o f  t h e  coated  c r y s t a l s  i n t o  much 

l a r g e r  spher i ca l  p a r t i c l e s ;  and t h i r d ,  t h e  s e p a r a t i o n  o f  t hese  p a r t i c l e s  f rom 
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a liquid medium into the form of a dry flowable powder. 

between this process and plastic-bonding of explosives will become evident and 

is an important distinction. 

3.2.1 Coating (microencapsulation) 

The difference 

The key to achieving the overall desired result lies in the coating 

process. In essence, a set of conditions was determined that 1) keep the PETN 

crystals (density 1.78 glcc) suspended, and 2 )  favor deposition of a uniformly 

thin coating onto each o f  the individual crystals. The process is outlined in 

Figure 1. 

The process consists of 1) dispersing a small quantity of PETN powder 

into ethanollwater (1:l vlv) (typically 4 g in 30 mL), 2 )  diluting the dis- 

persion with water (typically 10 times the solvent), 3)  -vigorous agitation of 

the mixture, and 4 )  a slow (dropwise) addition of a dilute solution of a poly- 

mer (0.02 g in 50 mL) into the dispersion. 

It is this starved addition of a polymer at a very low concentration to 

the individually suspended crystals that forces thin uniform coatings in the 

range of 20 to 800 A (calculated based on an assumed uniform distribution over 

a measured surface area). and is what distinguishes the technique from 

plastic-bonding where crystals are added into a concentrated polymer solution. 

The artgstrom thicknesses are the result of adding 0.5 to 20 wt. % of polymer 

to powders having surface areas of -5000 cm2/g. 

were done only for completeness o f  the study. 

Additions greater than 1% 

The final steps to this coating process are the removal of the solvent 

and separation of the coated crystals from the liquid medium. 

(for the polymer) was removed by heating the solution to 45oC and letting it 

The solvent 
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b o i l  o f f .  

a i r  drying. 

The coated c r y s t a l s  were then separated by f i l t e r i n g ,  washing, and 

Except t o  f a c i l i t a t e  so l va t i on  o f  polymers p r i o r  t o  the coat ing o f  

c r y s t a l s  o r  t o  evaporate the solvent a& noted j u s t  above, t he  m a j o r i t y  o f  the 

experimental work was done a t  room temperature (-25%). Add i t i on  t ime 

and concentrat ion o f  the polymer so lut ions were c o n t r o l  led and determined t o  

be c r i t i c a l  parameters i n  the microencapsulat ion and p r i l l i n g  processes. 

I t  i s  important t o  note that, whi le  microencapsulat ion technologies were 

used i n  the  processes, t o t a l  and i n t e g r a l  encapsulation. per  se, was not  

deemed c r i t i c a l .  

A t y p i c a l  process formulat ion and add i t i on  r a t e s  are g iven i n  Table 3. 

The coat ing process was scaled up t o  100 g batches from 4 g batches i n  a 10 L 

reac t i on  vessel avai lab le f o r  processing explosives. 

be scalab le over t h i s  two-order-of-magnitude range. 

The process was shown t o  

TABLE 3 

Process Formulation and Parameters f o r  Microcoat ing I l l u s t r a t e  
the Starved Addi t ion Which i s  Key t o  the Process 

PETN 100 g 
Water 4000 g A 
Ethanol 400 g* 

Dichloromethane 500 mL 

Ag i ta to r  speed (o f  A)  300 rpm 
Polymer add i t i on  r a t e  1 L l h r  (6  i n t o  A) 

For batches us ing ER 7479. 600 grams 

**For batches us ing ER 7256, which were 

FPC 461** 0.5 g B 

......................................... 
o f  ethanol were used. 

pre l iminary.  e thy l  c e l l u l o s e  was 
the p l a s t i c  used. 
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3 . 2 . 2  Prill ing (Control led Agglomeration) 

The prilling process consists of forcing the agglomeration of the coated 

crystals (which do not flow much better than the uncoated crystals) into more 

spherical particles. Increasing the size and weight of the particles is also 

important to generate heavier particles which can overcome electrostatic 

forces. 

Having as a starting point crystals coated with a soluble plastic, 

agglomeration is achieved by sticking the crystals together under controlled 

conditions. This process step is illustrated in Figure-2. First the coated 

crystals are redispersed into an alcohollwater medium. 

very low, and critical, level of a solvent is added dropwise to tackify the 

surfaces of the plastic coating. 

gether. The crystals are formed into larger, more spherical arrays by intro- 

ducing a specific level of turbulence to the dispersion. The turbulence must 

be strong enough to create the arrays, but moderated so that the agglomerates 

are not fractured. 

agitation can be reduced to stimulate even greater growth. 

conditions are shown in Table 4. 

This time, however, a 

This gives them the ability to stick to- 

As the agglomerates progressively increase in size the 

The experimental 

TABLE 4 

A Typical Formulation for Prilling Illustrates 
the 10011 Dilution of the Active Solvent 

Coated PETN 100 g 
Water 4200 g C 
Ethanol 400 g 

To1 uene 50 g 0 

Agitator speed (of C) 300 rpm 
Addition rate 5 glmin (D into C) 
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3.2.3 Stabilization and Separation 

A final 3nd a most important part of the manufacturing process was the 

sxtractioi o f  t??  prill2d powders frcm their liquid medium, b y  filtering, 

washing with water, and drying. 

major advantage over oven-drying, relative to pourability. It was originally 

anticipated that the solvent would need to be boiled off before any filtering 

was attempted, but this was found to be unnecessary. 

Freeze-drying, however, was shown to have a 

Keeping the prilled powder very dry was also shown to be necessary to 

maintain good pourability. Day-to-day changes in humidity (in the Dayton 

area) were sufficient to radically change the pourability of the powders. 

Safety precautions dictate relative humidity of at least 40%, so resolution 

of this problem is required. The cause of this effect,-especially with the 

fluorinated polymer coatings i s  presently unknown. 

3 . 3  Physica~.Characteriza~ion 

Having defined the materials and processes to achieve the candidate 

energetic prills, the prills were evaluated both quantitatively and sub- 

jectively for performance, both as powders and as molded pellets. 

terization included appearance, pourability, strength and environmental 

effects. 

3 . 3 . 1  Appearance, Form, Size and Density 

Charac- 

PETN exists in two basic crystal morphologies. The most common is a 

needle-like crystal, which accounts for the poor  pourability o f  the powder. 

The other crystal type i s  rounder, and sometimes l o o k s  like a flower. 

ning electron microscope (SEM)  photographs of these two crystals are shown 

in Figure 3 .  

Scan- 

It is not possible to observe the polymer coating in SEM 
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photographs, other than as an apparent slight rounding of the edges of the 

crystals as shown. 

The pr-illed, microencapsulated PETN powders are made up o f  agglomerates 

of the coated crystals, and are basica,lly spherical. Visually, and under 

low magnification, these particles resemble a typical PBX powder (with -5% 

polymer). However, the SEH photographs shown in Figure 4 reveal the diff- 

ence. 

The prilled, microencapsulated particle has no such smooth areas, but rather 

shows only the PETN needles. 

The PBX particle shows large smooth areas, which are excess polymer. 

The bulk densities of the PETN powders examined are very low, which is 

another factor that affects their pourability. 

on the prilled, microencapsulated powders show that prilling increases the 

bulk density. which helps to improve the pourability. 

are presented in Table 5 [l]. 

Bulk density measurements made 

The bulk density data 

TABLE 5 

Bulk Density Data Show that Prilling Increases the Bulk Density 
o f  the Particles, Which is Necessary f o r  Pourability 

Bulk Density Bulk Density 
(Starting Material ) (Prilled) 

Powder g I cm3 g1cm3 

ER 7477 0.19 
ER 7478 0.13 
ER 7479 0.18 
ER 7487 0.38 

0.33 
0.26 
0.27 
0.42 

3.3.2 Pourability 

Needle-like PETN will not pour through a funnel and cannot be made to 

flow in an automatic pelleting machine. Flower-like PETN has somewhat better 
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p o u r a b i l i t y ,  b u t  i s  s t i l l  n o t  s a t i s f a c t o r y  f o r  automat ic p ress ing .  Mic ro-  

encapsu la t ion  o f  PETN does improve the  p o u r a b i l i t y  t o  a s l i g h t  degree, b u t  no t  

s u f f i c i e n t l y  f o r  au tomat ic  p e l l e t i n g .  

c a n t l y  inc reases  t h e  p o u r a b i l i t y  o f  bo th  c r y s t a l  forms o f  PETN. 

P r i l l i n g ,  or agglomerat ing,  s i g n i f i -  

P o u r a b i l i t y  measurements were q u a n t i f i e d  us ing  t h e  H a l l  f lowmeter [ Z ] .  

I t  was necessary t o  make a funne l  w i t h  a l a r g e r  diameter h o l e  (1 cm) i n  o rde r  

t o  make these measurements, s i n c e  the  apparatus was designed f o r  metal  pow- 

ders, I t  i s  i n t e r e s t i n g  t h a t  f l o w  r a t e s  o f  about 3 g lsec  were achieved f o r  

a l l  o f  t h e  p r i l l e d  powders, rega rd less  o f  t h e  su r face  area  o r  shape o f  t he  

o r i g i n a l  m a t e r i a l .  

3.3.3 S t reng th  

Flow r a t e s  f o r  a l l  o f  t h e  u n p r i l l e d  powders were 0 g/sec.  

I n i t i a l  s t r e n g t h  measurements were performed on moTded p e l l e t s  i n  a 

q u a l i t a t i v e  ( p a s s i f a i l )  manner. The t e s t  cons i s ted  o f  mo ld ing  -118 i n  

diameter by 1/16 i n  t h i c k  p e l l e t s  i n  a p o l i s h e d  s t e e l  compression mold. The 

p e l l e t s  were t hen  e j e c t e d  f rom t h e  mold th rough  a 1 i n  s leeve w i t h  a p i n  t ype  

e jec to r .  

t he  powder was compressed t o  90% o f  t h e o r e t i c a l  dens i ty .  

A s p e c i f i c  amount (0.10 9 )  o f  powder was used f o r  each mold ing  and 

P e l l e t s  made f rom un t rea ted  PETN powders, when compacted and then  

ex t rac ted  i n  t h i s  manner, break up i n t o  t h i n  d i s k s  or smal l  p ieces. I n  

essence t hey  cannot s u r v i v e  t h e  e x t r a c t i v e  f o r c e s  (which were n o t  quan t i -  

f i ed ) .  P e l l e t s  coated wi th as l i t t l e  as 0.5% o f  polymer, however, su rv i ved  

t h e  e x t r a c t i o n  and formed i n t e g r a l  p e l l e t s  t h a t  cou ld  n o t  be f r a c t u r e d  even 

when sub jec ted  t o  be ing  p i cked  a t  w i t h  a sharp spa tu la  t i p .  

Another r a t h e r  s u b j e c t i v e ,  b u t  q u a n t i f i a b l e ,  t e s t  was developed t o  

i l l u s t r a t e  t h e  reduced f r i a b i l i t y  i n t roduced  by t h e  t h i n  po lymer ic  coat ings .  
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The t e s t  cons i s ted  clf  f i r s t  p repar ing  p e l l e t s  as above, b u t  n o t  us ing  the  

s leeve for e j e c t i o n  (so i n t e g r a l  p e l l e t s  o f  a l l  t ypes  cou ld  be generated).  

These p e l l e t s  were weighed and then sub jec ted  t o  a tumbl ing  mot ion  i n  a 

round-bottom f l ask ,  by means o f  a magnet ic s t i r r e r .  

t ime, enough t o  demonstrate d i f f e rences ,  was e m p i r i c a l l y  d e r i v e d  t o  be 30 

min. 

f i n a l l y  t h e  percent  weight r e t a i n e d  was ca l cu la ted .  

A conven ien t  exposure 
L 

Fo l low ing  the  tumbl ing,  t he  th ree  l a r g e s t  f ragments were weighed, and 

P e l l e t s  made from powders rang ing  i n  su r face  area from 4000 t o  12000 

cm2/g, and con ta in ing  0.0 and 0.5% polymer were t e s t e d  t h i s  way. 

f r i a b i l i t y  da ta  a re  presented i n  Tab le  6. 

polymer causes a reduc t i on  i n  f r i a b i l i t y ,  rang ing  f rom 10 t o  40 percent.  

s c a t t e r  i n  t h e  da ta  i s  due t o  t h e  l a c k  o f  r e p r o d u c i b i l i t y  i n  exper imenta l  

cond i t i ons .  

The 

I n  a l l  cases, as l i t t l e  as 0.5 % 

The 

TABLE 6 

The F r i a b i l i t y  o f  PETN P e l l e t s  can be Reduced With as 
L i t t l e  as 0.5 X P l a s t i c  Coat ing  App l ied  t o  the  Powder 

Powder 
Weight Percent  Lost* 

Coated Uncoated 

ER 7471 9 
E R  7478 12 
ER 7479 7 
ER 7487 6 

36 
16 
1 4  
45 

................................................ 
*Por t i on  o f  p e l l e t  l o s t  due t o  mechanical 

abras ion  d u r i n g  tumbl ing.  

3.3.4 I n i t i a t i o n  Threshold 

Re ten t ion  o f  t he  i n i t i a t i o n  s e n s i t i v i t y  o f  t h e  coated p r i l l s  and o f  t h e  

moldings and p e l l e t s  made from these p r i l l s  was an impor tan t  and de terminant  
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f a c t o r  i n  t h e  o v e r a l l  development. Th i s  r e t e n t i o n  was whdt cou ld  d i s t i n g u i s h  

these p d r t i c l e s  f r o m  PBX powders t h a t  e x h i b i t  a s i g n i f i c a n t  decrease i n  

s e n s i t i v i t y .  

I n i t i a t i o n  th resho ld  exper iments o f  t he  uncoated and coated powders were 

The s lapper  r e f e r s  t o  t h e  performed us ing  an exper imenta l  s lapper  de tonator .  

use o f  a smal l  (p inhead s i z e )  d i sk  o f  p l a s t i c  t h a t  i n i t i a t e s  de tona t ion  by 

mechanical impact w i t h  the  p e l l e t .  Bu rs t  c u r r e n t  d e n s i t i e s  i n d i c a t i n g  the  

energy t o  i n i t i a t e  were measured a t  -1100 V v o l t a g e  th resho ld .  Measurements 

were made on mold ings  a t  a d e n s i t y  o f  1.65 glcm3. 

0.5 w t .  % a d d i t i o n  o f  polymer. 

d e n s i t i e s  o f  210 GAlm2. w h i l e  t h e  microencapsulated m a t e r i a l s  ranged from 

200 t o  230 GAlmZ. 

a re  i n d i s t i n g u i s h a b l e ,  a l though t h e r e  i s  more s c a t t e r  i n  t h e  da ta  for  t h e  

coated powders. 

These r e s u l t s  a re  f o r  a 

A l l  o f  t he  uncoated powders had b u r s t  c u r r e n t  

W i t h i n  the  p r e c i s i o n  o f  these t e s t s  (f 15%), these va lues  

4 .  CO~CLUSIO~S-AND-FUTURE..WORK 

These r e s u l t s  demonstrate t h a t  m ic roencapsu la t i on  and p r i l l i n g  techn iques  

can be used t o  t a i l o r  exp los i ve  powders f o r  au tomat ic  hand l ing .  

l i t t l e  as 0.5% coa t ing ,  t h e  s t r e n g t h  of molded p e l r e t s  i s  increased. 

s i v e  powders t h a t  have been mic rocoated  w i t h  as l i t t l e  as 0.5 % polymer can be 

p r i l l e d  t o  produce pourab le  powders t h a t  per fo rm s a t i s f a c t o r i l y  i n  au tomat ic  

p e l l e t i n g  machines. 

a r e  poss ib le ,  w h i l e  ma in ta in ing  t h e  i g n i t i o n  s e n s i t i v i t y  o f  t h e  uncoated PETN 

powder. 

Wi th  a s  

Explo- 

These improvements i n  h a n d l e a b i l i t y  o f  t h e  PETN powder 
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Having achieved the primary goal of this effcrt, it would now be des ir -  

able to characterize these powders more completely. 

will be directed toward providing more information about the nature of the 

coating, the thickness of the coating\ the weight percent of the coating, and 

also the surface characteristics of the coated crystals, prills. and the 

pellets formed from these materials. With a more complete description of 

these microencapsulated PETN powders, it should be possible to tailor the 

processes to provide a powder with the desired characteristics for a given 

application. 

Characterization efforts 
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