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UN C LASSIFIED

RESUME

Les au teurs on t mis au poin t une méthode perme ttant la pr6para tion
d’ explosifs de grande énergie en grains ~ base de tolite et d’alum i.niumadd it ionnés ou non d ’hexogène ; ces grains on t un dia m~tre moyen de 3 mm.

L 

Leur écoulem ent semblable a celui des l iquides , leur resistance a Peau ,
leur longue durée de vie et leur utilisation possible dans une large
gamme de temperatures en font des explosifs trés intéressants pour
certaines applications dans ic domaine du g~nic militaire . La méthode
repose sur Ia formation de gouttelettes d’une suspens ion l iqui de
d’ cxplos i f ~ l ’ extrémité d’une buse dc petit di am~tre immerg~e au
sommet d’une colonne d’eau. Les gouttelettes se solidifient lors de
leur chute dans la colonne d’eau. Pour éviter l’ accumula tion d ’élec trici té
statique sur les grains secs , on les rend par tiel lemen t conduc teurs
en les enrobant d’une mince couche de carhone. Les etudes , d’ abord
entreprises en laboratoire , ont etC poursu iv ies ~ l’Cchelle de lt usine_
pilo te dans une colonne de 44 cm de diamè tre pouvan t produire j usqu ’à
90 kg d’ exp losifs par coulCe . Dans Ic cadre de l’Cvaluation du pouvoir
excavateur de ces nouveaux produ its , on a fabr iquC environ deux tonnes
d’ explosifs de deux compositions différentes. (NC)

\~ ABSTRACT

A method has been developed for the production of high energy
blasting prills (UEBP) containing TNT/Al or TNT/RDX/Al ; the average
particle size of the prills is approximately 3 mm . Such HEBP explosives
seem attractive for special military engineering applications because
they are free-flowing, water resistant, have a long shelf life and can
be used over a w ide tempera ture range . The method cons ists of form ing
f lu id drople ts of a mol ten mi xture of exp losive at the tip of a small-
diameter nozzle immersed in the top of a water column . After the drop-
lets leave the no::le, they sol idify  as they f a l l  throug h the remainder
of the column . To avoid building up static charges , the pri lls are
made semi-conductive by coating then with a thin layer of raphite.
Studies were first uñdertaken in the laboratory and then sca ed up to
a 44-cm diameter pilot-plant pril ling column that can produce about
90 kg of pri lls pcrThatch. Some 1000 kg of each of two different
composij.iQns were produced for determination of their cratering
characteristics (in a separate study). (i’)
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I . (1 I N I T h ) I ) 1  IC ’F I ON

A St udv wa~ undertaken at  h ) e f e i i c e  Research I St ab I i shment
\a I cart ier (DIUVi in June 1~~7 .i’ t o  i n v e s t  i eat e the product ion and

~~~~~~~~~~~~~ i es of m u l t i  — i i igred lent explosive p r i  11~; w i t  hi a t v p i c a l  c i  ~e
of ~ to 5 mm. Subsequent Iv  renamed a~ h igh  ener cy  b l a s t  1mg p r i  i s  ( B 1 I ~P)
they are attract ive for specia I mi 1 it ar ’ r inee rin app i j e i t  i.~r ~~~~~
the~’ are t ree — f l o w i n g  . w a t e r  re c j st ant . ha  ~‘e a 1 on~ she 1 f I i  fe .uid c an
be used over  a w ide t empe rat ure range . .\not her  po’~~ ib i  e app i i c a t i o n  i s
as a replacement for the tess powerful i’N’F pr ills  in slurr y e~p1oc i yes  •

h iEBh ’  CXj) Los i yes  c o n s i s t  of one or more e n er g e t i c  ingred i ents
support ed by a f l u i d  ~TN’I) t h at so l i d  I t i  I’S upon coo I i n~’ . S~ v e i a  1

t’ormula t  ions of di  f f er e n t  rat jos of tNt . RDX • a lum i mum and ammon m m
p erchlorate  were produced on a laborator scale to determin e their
processing c h a r a c t e r i s t ic s , and to eva l uate some of t h e i r  physic al and
explosive properties ; these latter prop er t  i c c  w i l l  be d e s c r ib e d  i n  a
future report . The process was then sea I ed u p to p i l o t  — p l a n t  s i  :e .
two formulati ons of about 1000 kg each were produced . These C\i’1osi~ (

‘S

were sent to Defence ResearcI~ i stablishment Suffield (lIRI *) for deter-
mination of their cratering cha racteristi cs i n  tlh fall of 1 9 l  (1).

This document covers  the s t u d i e s  conducted at  DREV on IIFI ~P
explosives from their inception in June. l9~2. through to mid-19’4 . The
work was carried out under Project 10-2S-4S (lx~ l~ sives Research and
Engi neering).

2 . 0 LABORATORY —SCAL E Still) I ES

Laboratory studies est ahi i shed an experi  m enta l  p rocedure  f o r
producing IIEBP explos ive s  and determined the parameters cont roll 1mg the
properties of the finished prod uct . M o r e o v er , these s t u d i e s  were
necessary to acquire the  know l edge to s c a l e — u p  the  process

2 .  1 Method

The method tkve loped for producing IWB 1’ explosives cons I st s of
forming f l u i d  droplets of a vio l ten ml \ t L l r e  of exp l~~si ye at  the t i p  of a
~ ma 11 — d i a m e t e r  nozzle I miners ed in the t oi~ ~ f a wa t er •ol iimn • the uppe r —
ino s t part of the co 1 timn b e i n g  !~eat ed . A f~ er the drop let s leave the
no:: Ic , they fall through a colder po ~~ i on of t he w a ter  co 1 umii w h e r e  t hey
s o l i d i f y  keeping t h e i r  i n i t i a l  sh~

’pe. Final 1~- • the pri I Is i c c t i m i i l a t e
in a c at c h  pot at the bottom of the co lumn . 
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2.2 Apparatus

The basic apparat us eons 1st  S of a h o l d i n g  pan  and .i nozzle sup-
ported hr a ye’ rt i cal tower fill ed i~ it h h .1 t o  r and ter n i nat ed at the hot torn

a catch pot . A diagram and photograph  of the  .ipj’ar.it ii ’. are shown in
Figs . I and 2, respect ire lv . The .ieket ed h i  ding pan , wh e r e  th e  ex r to -

sive i s  melted , is c y l i n d r i c a l  at the top w i th a 25-cm d i a m e t e r  by .‘0 cm
deep spherical bot tom. The mol ten  explosive is  s t i r r e d  l i ght  ly  b~ .in a i r
t u r b i n e  rotating at about SO r m i n .

As shown in F ig .  3 , a IIo.~zlL’ j s  located in the centre of the
bottom of the pan ; nozz le  diameters used were I . 2 . 2 OH and 2 . ~‘ I  mm.
To ensure that the heat barrier is  low , the nozzle tubes are made of
thin stainless steel. A brass holding ring is press f i t  onto the
i i o . z 1 e , prior to press f i t t i n g  th i s  assembly into the pan.

A jacketed nozzle  was also designed to prevent blockage ~htic t o
cooling of the molten l i quid in the n o z z l e .  I t  was subsequentl y deter-
mined that blockage , when it occured , was not caused by cooling , hut
rather by the bui id—up of exp los ive  crystal s and a l u m i n u m  p a r t i c l e s  it
the tip. This j acketed nozz le  was there fore discarded sinc e it did not
solve the prob lem , and was cumbersome and comp i i ‘at ed to bull ~l .

To obtain a good reproduc ib i i i  lv o I the pr ill  di st r i but ion and
to avoid frequent blockage of the nozzle , the tip of the nozzle must he
immersed in at least 4 cm of hot water. Reproducibility is even bett er
whe n the wa ter level i s about 2 mm beneath the ho 1 ding pa n . Th e t emp er—
ature of the hot water in the sect ion of ’ the column close to the no:
must also be at least equa l to or s l i g h t ly  h i gher than the temperature
of the explosive in the pan .

I n i t i a l l y ,  it was f e l t  that agglomeration of the p r i l l s  m i g hz
occur in the catch pot because the pr i l l s tended to fall from the n o z z l e
down through the column in a st ra i ght l ine , thereby a l l  land ing i n  t he
same place. Two methods of agitation in the upper por t ion  of the column
were inves tigated to disperse the falling p r i l ls somewhat. The first
consis ted of bubbling air in the column , and the second consisted of
mechanica l agi tat ion . Both were discarded at a later stage because
the agglomerated pri 1 ls came apart easily when the catch pot was empt 1
In add i t ion , agi tation raised new problems : by forming a i r bubble s a t
the nozzle tip with the first method ; and by giving less contro l of the
water temperature in both sect ions of the column wi th the second .

The upper end of the 20-cm diameter by 2.15- rn hi gh tower was
equipped with an ajustab le overflow for control ling the water level in
the column and a 13-cm diameter by 30-cm high copper coil for heating

• the water in this section of the column . The bottom of the column was
closed by a catch pot made of stainless steel; a cold-water inlet was
connec ted to the side of this pot .

-~ 
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ihe t cape : a t u r c s  in th e  di t I c r e n t  sect iens of the apparatus were
n ’  m a  liv me •is a red h~ t !i e r ’ o r i e  or t he mmecou p I es and m a n t i a  11 ~ ‘1~ i t r o l l e d
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2 . 3  Pro~ edtire

I’he column w as 1~r e lt •ired Lw tnt rodue t u g  :t~ t water ( 15°C) thra ’u.azh
the  cold -wa ter inlet on the catch pot and . once the ccl nan IS I S  l ull
d i ‘ch~i l’ a~ i n g it t h r t ) I I c l i  t he a) 5 t’I ’t  1 a las . hot a~ ~: em •tnd ‘or St  eaxn w e  r i  ci  reu  -

I at ed through the heat ing ~o ll i f l ’S ide the  co 1 urui and the holding pan.
liii’ water 1 e~ e 1 was ad ust ed ‘o that the n o z z l e  Is iS  imm er s ed i n  a t  I a’ as
4 en of hot water. In most i n s t  :lnees , 500 to IOt a) g of ex i alo - s L~ I I 5 ( ’ t ’

m e l t e d  and m i  xe~1 in the holding pan p r i o r  t o  b ”ein~ ei~~ ted t h r o u g h the
n oz z l e .  U pon c o m p l e t i on  of each rim , the :arjll s acL ’ ir- lul:ltekl in the
catch pot were dried and weighed , and then their s i z e  d i s t r i b u t i on .
compo s it i on . bu lk  and abso lu t e  d e n s i t i e s  w e r e  de te rmined .

2 4  Results

Table I summarizes the expe l ’ iment s performed to deve l op  the l ii ’
o ra t o r y—sca le  techn i que of p e l l e t i z i n g  m u l t i - i n g r e d i e n t  e xp l o s i v e s . -\

total of 25 runs are reported , i nvolving 13 d i f f e r e n t  IIEBP compositions.
Some runs carried out are not reported because they were of little
s i g n i f i c a n c e  and judged unnecessary for a sound understanding of
the process.

2.4.1 Compositions

A l l  composi t ions conta ined  TN 1’ as the earn or fluid tom other
ingredients. Run 1 contained oni T~ l’ wher eas • in the others , a
f r a c t i o n  of this energetic fluid was rep laced by SOThC combination of RUN .
aluminum (•\l) and amnionium perchiorate (AP) to investi gate the possibilit y

— of substituting some of the TNT by these materials. The RP\ content
varied between 0 and b0~ while the AP and A l contents ranged fro’t 0 to .S0 ’ 55 .

The theoretical densities calculated from the crystal d e n s i t y  of each of
the ingred i ents ranged from 1.65 g “ cm 3 for pure TNT (2) to 2.02 g en ’
for the formulation TNT/RDX/Al: 35 35/30. The bulk densiti es of these
two formulations measured in a 5-cm diameter cy l inder  were 1.04 and
l .2H g/cm 3 respectivel y.

Table I also gives the chemical analyses of the ~rt 1 Is 1’ro~L ii eoJ
and their size di st rihut ions. The analyses. based on the preterent m l
dissolution of TNT in  henzenc and RDX in acetone , show that the 1’\~
content was often 1 to 2% higher than the formulated composition. the
pril l size fractions, obtained by dry sieving of pellets with a DRl~

’-
designed round-hole sieve, were generally between 0 and 5 mm.

i’he t’ormu 1 at ions c o n t a i n i n g  RUN were pFe~ a red from a coiuh m a t  ion
of Composition B, TNT and either Al or AP . Since Composition B
contains some wax , the pr i ll s produced al so contained wax as a d e s e n s i t i z -
ing add itive. No desensiti zer was added to runs I, 2 and 3,whi eh did
not contain R[1X.

_ _ _ _ _ _ _ _ _  _______________  
j
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‘ro impede t h e  p o s s i b l e  r ea c t  ion of al  twa i t a w  w i t :  aa . a t  er or t~at  or
v.ipa ’ti r , :IlnI’ta l ll t urn I i cili a su l f ’o i i : i t  e (a  sie : ict  i vat l i l t ’ ; a a ’, i ’n~ ) a- t i - — added , i i i  a
concentration of about 0.l°~ by weig ht , to formulat i ons containing
aluminum . Subsequent testing , howeve r , showed that no gas evolved
when ~r i l l s , w i t h  or w i t h o u t  l i g n o su l f o n at e , were submerged in wa t e r
at 20 C for  50 days .

2.4.2 1 ,ffect of Temperature on Prill I:ornlation

i w o  temperature ranges of the molten suspension of explosive were
mainl y investigated : the first between the melting point of TNT (81°C)
and 8c °C, where the viscosity of the suspension is relative ly hig h an d
var ies  rap id l y w i t h  temperature (3) ; and the second from 90 to 93 °C , where
the v i s e o s i t v  is lower and r e l a t i v e l y constant .

The e f f ec t  of temperature on the formation of p r i l l s  was studied
w i t h  the f o r m u l a t i o n  FNT ,” RD X / Al :  42,’42/ 16; data from Table 1 has been
reproduced in Table I I  for ease of comparison . Here it can be seen
t h at t h e s i z e  of p i i l l s  decreased w i t h  increasing t emperature. At 83°C ,

TABLE I I

E f f e c t  of Temperature on P r i l l  Size Dis t r ibu t ion
(‘I’NT/RDX/A1:42/42/16; 2.06 mm nozzle)

Temperature Bulk de ns i t y  S ize  of p r i l l s  (mm )
g/cm 3 % by we ight Run

_______________ 0-1.5 1.5-3 3-5 ‘.5

83 1.20 1 - -  99 - -  9

86 1.20 1 20 ‘9 -- 10

93 1.2 1 1 33 66 -- 11

99% by weig ht of the p r i l l s  were between 3 and 5 mm , wh i l e  at 93°C only
were of t h i s  s i z e , 33% being between 1.5 and 3 mm. This change in

s i ze , however , had no effect  on the bulk d e n s i t y ,  which remained at abou t
1.20 g/cm 3. These results indicate that if a uniform pr il l  s i z e  is
required , the fluid temperature should be as low as the process permits
(-83 °C). On the other hand , if a wider  d i s t r ibu t ion  is acceptable , the
pellets can be produced at a hi gher temperature.

Why t h i s  is so can be explained by observing the formation of the
prills. At temperatures slig htly above the melting point of the TNT
(83-86°C), the viscosity is relatively high and the flow through the nozzle
slow enough so that the droplets are formed one by one at the tip of the
nozzl e ; when enough mass i s present to overcome the surface tension at the
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nozzle t i p, the droplet fall’; t’i. It is s t i l l  mel t~~n at this point and
tends to flatten sl i git t l y, diii’ t o  the re’ i 5 t . i l i L ’ c- o f ’ 1’ ; i t ’ m ’ . h ht ’ i i  I l a t  t - \ 1 S J O
s i vi’ t

’ I uid i s at  a hi gh tempe rat t i l t ’ (, - 
O~~~) , t lit’ v i  wce s  i t  v I - - a t h  a t ,

I m l  l v  l ow er ’  an~l t Lii’ f luid I b i s  S i i i  a C i l l i t  I l u l ot i ’  ‘ I l l I l l i’ I’ i l l ’  ‘ I I ; W a ) ’

co 1 umn t im id  l) l’ i - : l h - ;  t ip a ; ’  o d r o p l e t  s of ’ t i i  I t ’ I C T I s i  .‘ e’ , I i  l~~ I ~~ ‘ ‘ t he
— ; t : i l l i ng e t ’f e ct  e l  t h e  ‘ l a l s  i n t o  :i ~ t ; i t  i a a I , a ! ’ \ mi-~ l ; u r m a . A var ; - c!
drop I t t  S 1 _ : C 5  :1 i t ’ t a l i  t : i i iio~l a t  t h i s  _ a’, t- i t  i , I i i  Is ii a i m a _-e l  It- l i t ’
:(ppe ;i r i  11 , i n  t L i t .’ C o a l  led ii r i b  I s . A p itu ‘ ‘ ‘ m’ :mp h  of  ‘ i i  Ca I p i t  I I  s .  s sin t s t

i i i  I - i g .  I n I t l tou t . t h i  thor ; i l l l , i  a ;p li i-  i - i  c a l  h i- i t’ hi - i ’  t i l t  , a ‘ a . , ,
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2. .1 . . l ffec! ut’ I’en !.peratury on Pi’e~tuc t ioii Rat ~

The rate of’ product ion of )~))II’ W~ic na j u l y  stud i ed at 8 antI ‘‘1 °C
i th the  t~omrnt ,Iat i t ’ l l  t ’N ’ i ’/ I I I ) \  ‘ . \ I  :- ht ’ ’- ht l~~’’),u’- ing the .~M(’ l’u ’t nozz It’ . I’atsle

I I I g I ye s  I he l’ (’ sub t ~ o I t h ret’ runs conduc t ed at each I (‘Pipe ma I i i  re . tic me

‘l’AI II.h H I

te~~~~~~~~m~~~~~ Ire~~~ P r o d u ct i o n  Rat e

(TNT/RDX/A 1 :40 / 40/20 ;  2 .  06- ‘lull no :. ’ l e t

Run ‘tempo ma t net’ Product ion rate
‘ 1. k g/h

53 0.32

18 83 0.36

19 83 0.36

Ave = 0.35

14 91 0.59

15 91 0.o3

16 91 0.54

Ave = 0.59

i t  can be seen that the aver age production ra t e increased by about 68%
f r om 0.35 to 0.59 k g/h when the temperature was raised from 83 to 91°C.
Althoug h not measured , the visc os ity at 91 °C can be estimated fr om
Ret ’. 2 to he about 60’~’ of t hat  at ~3

’ C

Us I ng dat a f rom run 3 of ‘t’ah be I , the product ion rate of ’
TNT/ A 1:80/2 0 pr i l l s  from the same noz h e diameter ( 2. 0(, mm) was -~ .6  k g  “ hr
at  86 °C. ‘fhat i s , the  add i t  ion of Rl ) X to the  compos i t ion  great ly  reduced
the product ion r a te (a d I t~ec t compar i son i s not pO~~~~~ t hi e because the
omperatures were not the same I

2 . 4 . 4 E f f e c t  of N o z z l e  D ia rne t e t ’  on S iz e  ot ’ P r i l l s

&‘ tIe et  i t o  no. z I t’ intis t ha v 0 :1 di att ic t i’ I’ p~ i’llt i t t  I fl~~ a cent i nuou ’~t ’bots ’ (i.e . no h l o c k ; i g e )  am id p r odu ct  to n c ’ l ’ p i t  I I ’A 01 about .~ n m .  h i th thu
in mini , no:.: los of I .52 , 2 .  On and 2 .  1 2 111111 l f l  di  and em ’ were t t’— t e d  t~ i t i t
t is O t o m m i m l a t  i ons  f’N F/ IW\/ .\ l :Sm ) ” t ) / 20 an~I 12 12/I (s) the result
reported i n ‘ lab I e IV 

---5- S-”—~ ~~~~~~~~~~~~~~~~~~
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‘1’ABLI~ IV

Pr ill SI.c Distribution for Three Notzlc Diameters

Mo z.: le  Temp Composition Bulk P r i l l  s ize (mm ) 
—

diameter °C den sity % by weight Run
mm TNT R2~X Al g/ cm 3 0 I . S I . 5 3  3 -5 ‘.5

1 .52  86 80 0 20 1 .13  3 9 88 0 2

86 42 42 16 1.20 0 77 23 0 6

93 42 42 16 1 .19  4 63 32 1 8

2.06 86 80 0 20 1 .13  1 25 58 16 3

86 42 42 16 1 .20  1 20 79 0 10

93 42 42 16 1 .2 1  1 33 66 0 11

2.54 83 42 42 16 
- 

1.20 0 1 57 42 12

When both the 1 . 5 2 -  and 2 .06-mm nozz les  were used w i t h  the 4 2 / 4 2 / I t ’
composition , the p r i l l  s i ze  decreas ed w i t h  increasing temperature , as
previously noted in  Sec . 2.4.2. In addi t ion , the 42/42/16 p r i l l s  we re
smaller than 5 nun for both nozzl es  at both test temperatures (86 and 93 °C) .
On the other hand , wi th  the 80/0/20 composition 16% of the pr i l l s were
greater than 5 mm using the 2.0 6-mm nozz l e  at 86 °C , whereas none we re
with the smaller nozzle.

While not directly comparable , because the temperature was differ-
ent , virtually all the prills were greater than 3 mm and nearly half were
greater than 5 mm when the 42/42/ 16 composition was pr i lled through a
2.54-nun nozz le  at 83 °C. These prills , however , were less rounded than
those from the other two nozz le  s i zes .

In general it was noted that the bulk density was not affected
by either nozzle s i ze  or temperature , and that the 1 .52-mm nozzle tended
to block with the 42/42/ 16 composition .

- -   ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - 5
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3 .0 PIL OT—l’l AN’l’ PRII.IINC ‘FflRI R

The second phase ot’ th i ”~ i n v e s t  i gat  ion t’as to scale tip t’roun the
• I ng b c — n o . : :  Ic 1 ab or ato ~~ ~~~ I nina to a pit of —pl ant pri II I rmg tower capab Ic

of much h i gher  product ion  r a f t ’s. t~i thr t h i s  l . irger  in s t a l  h a t  ion , pro
o o s s i n g  methods s u i t a b l e  for  i n d u s t r i a l  e x i s b e i t a t  ion w e r e  e s t . i b h i s h e d
and about two tons of lil Bi ’ o xp los i yes we me produced for  eva I nat ion in
c r a t e r i n g  t r i a l s  1 1 ) .

3 . 1 D e t a i l s  and Operat ion of the ‘l ower

A seliemat ic of the tower , t~ I t l t  i t s  4.1— cm d i a m e t er  water’ column
i s given in  1:1g. 5 , and a p iro t og rap li in Fi g . . The inc i’eased
production rate was ach i eved by p la c ing  39 nozz le s , ra ther  than jus t  one ,
at the top of the enlarged water column . Batches of a p proximately 90 k g
of p r i l l s  were processed with  the bas ic  TN ’I ’/Al:8 0/20 formulat ion : t h i s
was reduced to about 70 kg when RUX was added .

3. 1. 1 Melting h opper

The inciting hopper consists of’ a 140-c stainless-steel jacketed
ket t le .  The agitation of the exp losive in this steam-heated k e t t l e .
which is operated at atmosp heric pressure and a preselected temperature ,
is obtained by a U-shaped stirrer rotating at 80 r /m in.  The ke t t le  is
equi pped wi th  an automatically controlle d flush -mounted dumping valve ,
located at the centre of its round bottom , anti a 3 .8-cm diameter heated
pipe that feeds the drop ping pan .

3 . 1 . 2  Drop Pan and Nozzle  Assemb ~~y

The sides of the drop pan ar c formed by a 30-cm diameter by
30-cm deep s ta inless  steel cy l ind r i ca l  jacket . A bore p la te , attached
to this cylinder with screws , forms the bottom of the pan . The 39

- ‘  nozz les  (2.06-mm inside diameter) are inserted into the bore plate
symet ri ca lly around three different diameters , as i l lustrated in F ig .
Each stainless steel nozzle , 7 cm long, is press f i t  into a brass
cy linder which is , in turn , press fi t  into the hor c plate.  The nozzle
is depicted in Fi g. 5 , and a photograph of one is shown in Fi g. 8.
The level (head ~ of the molten explosive over the inlet of the nozzles can
be adjusted at w i l l , something that could not he readily done in the
laboratory-scale setup .

3 . 1 . 3  Column and Catch Pot

The 44-cm inside diameter column is made of I -cm thick plexi g lass .
At the top and bottom there are aluminum flanges held together by steel
rods run ning outside the column ; and the bottom flange is fi rml y bolted
to a supporting steel frame that also holds the catch pot (Figs . S and 6 ) .
The water in the upper part of the column is heated by a 30-cm diameter



— 
~~~~~~~~~~~~~~~
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by 33—cm high  copper tube c o i l  fed wit it L - ond er I :~ I n~ St  earn : t he c~’ i 1 is
i nine rsed in the water of’ t he co I tun a . ‘1 1w rinoe’oup I es and t he m onet o i -s a i’o
located at sevet .a  I pos i t ions i n  the Co i nan

The aluini nun cat  cli pot . w i t h  an i n s  ide di  ;imet em of -I i .  cm antI an
equal depth , has a capacity of ’ 80 ; i t  I ho l ted t o  the t owe!. support
under the column . The t a  1 ye used t o d ma in  t lie co lumn a t’t or cutup It ’ t ion
of a ba tch  i s  f i t t e d  w i t h  a f i l t e r  to stop p r i l i c  from d r a i n i n g  w i t h
the water .

3 .1 .4  ~per at in~ Temperature

Al though laboratory stud ies i n t o  the cff ’ect oh ’ t emperature  on
pri ll formation (Sec . 2.4 .2) and production rate (Soc . 2.4.3) had
been conducted , the operating temperature oh ’ the  p i l o t - p l a n t  tower
was d ic ta ted almost solely by performance of ’ the tower  after it had
been started up. I t  was found tha t  a temperature  of 53 t o  S(~°C gave a
satisfactory production rate with an acceptable pri ll size distribut i on .
I f  the temperature was inc reased above this I et-e I . the pi’ i l l s  were formed
too rapid l y ,  len ding to prob 1 ems of a c c u m u l a t i o n  in  the  co I timu . A l so ,
these lower temperatures resul ted in less TNT vapour be ing  formed i n  the
working area , a factor that  was not s i g n i f i c a n t  i~’ the’ laborator tests.

The molten explosive suspension is  fed i n t o  the drop pan when
• the recorded temperatures of the hot water ( i n  the uppe r sect i on of ’

the column ) and of the mol ten  e x p l o s i v e  in  the m e l t  j ag  pot and t i re  drop
pan cons tant ly  osc i l l a t es  between 83 and 86°C. ‘the temperature is

• control led by proportional pneumatic valves , wh i ch are ’  a c t u a t e d  by
moni torin g uni ts each connected to a thermocouple .  h u t ’  w a t e r  in  the
lower part of the column is  about 10 ° C , but there is  no temperature
contro l for the tap water injected into the column at abou t 1 ‘~/ m i n .

3.1.5 Level of Explosive in Drop Pan

The level  of explosive in the drop pan is maintained by a con --
tro ller actuating a flush-mounted dump ing valve , at the bottom of the

• hopper , which is  proportionally operated . ‘l’his level  is maintained at
6 cm for formulations containing RDX and at 1 cm for the less v i s c ous
TNT/Al formula t ion .

3.1.6 Graphiti zation of Pri ll s

• After completion of a ha t ch , the column is dra ined  and the catch
pot removed from i t s  suppor t . Then the pri lls are put in t r ays  and dr ied
overnight by c i rcula t ing  warm air ( 4 0 °C) across the tr ays . A sample of
about 1 k g is taken to determine the par t ic le  size’ distribut i on and bulk
dens i ty .

• To avoid the build-up of s t a t i c  charges , the next operation
• consist s of making the surface of the pr ill s sem i -conductive by covering

them with a very thin film of graphite. This graph iti :at ion i s  achieved 

-- --- T:~ --
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by plung ing and shaking about It) k g of dry p r i l l s  at  a time , in a w i re
mesh basket , in a col lo idal  suspension of graph i t e ’  (8’~ by weig h t )  in
isopropanol for about one minute. Final l~’ , the p r i l l s  arc again put
in  t rays and di’ I ed ovo mii i gu t ; t he conductance i ~ their  checke d and the
prills stocked in semi —conduct i t-c’ bags

- 
The e’ 1 oct vi cal n-s i st ance’ of c’oa t e’d n r i h l s  • measured between two

I S— cm cyl m di’ i cal plates 2.5 cm apart * wa s lower than  0 .5 X 1 ~~~ compared
to values h igher  than 20 x 1011) for uncoated p r i l l s .  In prac t ice , the
gt ’aph it  iza t  ion of pri I Is proved t o  eliminate the l’u i id—up of s ta t  ic charges

3.2 Resu l t s

At’ter the operating cond i t i ons  of ’ the p i l o t  p l a n t  pri 11 ing tower
were es tabl i shed , the p roduc t ion  ot’ 1000 kg of each of ‘t ’~’I ’/ R DX/ Al :40/ 4 0/2 0
and TNT / A l :8 0/ 2t )  was under taken . Chemical d e t a i l s  of the ingred i ents used
are contained in  Appendix A. As prev i ously noted in  Sec . 1 . 0 ,  these
HERE ’ exp los ives  were subsequent lv sent to DRES for determination of the i r
cratering characteristi cs (1).

• 3 .2 .1 Formulat ion TN T / R D X / A l : 4 0 / 4 0 / 2 0

Sixteen batches were requi red  to produce about 1000 kg of 40/40/20
• p r i l l s ;  the production rate . p r i l l  s ize di~ t r ihut  ion and hulk dens i ty  for

each of these batches arc l i s t ed  in Table V .

The average product ion  rate h-as 11 . 7 kg/h  (= 0 .35 kg /h /nozz l e ) .
which  compares favourab ly  w i t h  the 0 .34 -kg/ h  aver age  01’ l aboratory runs
17 and 19 (Tab Le Ui w i t h  the same composit ion , nozzle and op erating
temperature .

The p r i l l  s i z e  d i s t r i b u t i o n s  art ’ also similar to those obtained
dur i ng the laboratory stud i es. S l i g h t  d i f f e r e nc e s  from h atch  to batch

• anti from the laborntor’v studies can be explained by the  larger var i at ion
of the temperature  in the p lan t  sca le  ( ‘  3~~ (’) than in the laboratory
studies ( ‘  1 . 5 °C).

The bulk density of the ’ p t ’ i i i s  obta ined was about 1 .22  g/cm 1 ,
the same value measured during the laboratory studies .

The TNT, RDX and Al content of the pri I is was determined by
chemical analysis for runs CR-I to 3. Since the percentage of each
ingredient was i d en t i c a l  to the calculated formulat i on for two of the
three runs , and only 1° off for TNT and IWX in the third run , this test

• was judged unnecessary and discontinued .

• The water content of many samp les of the f’in ished product ,
determined by the Karl Fisher method , showed tha t  the p r i l l s  generally
contained between 60 to 90 ppm of Water .

_ _ _ _ _ _ _ _ _  
~~~~~~~~~~~~~~~~~
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3. 2 . 2 Formu 1 at ion I’N l’/:~ 1 : 
5’)~ 21)

Thirteen hatches were required to produce about 111011 kg of’ 50 , 20
pr i  l i s ;  the product ion r a t e . pri 11 si  :e’ di stribut on and hulk density
for each of the ha tche s  are I i  sted i n  Tab i t ’ V I

The avera ge  product it~ni rate WaS 73.0 kg/h (1 . 8’ kg ‘h , no :: Ic)
wh ich is on ly  about half the S .(‘ k g/ li obtained from l ahoratoi ’v run 3
(‘rable I 1 with the same composi t ion , n o z z l e  and opera t I rig t empera ture .
This was due to the much lower head of m o  it en exp los I V t ’ O t t ’ I’ the’ no:: he
in the dro p pan of the tower , which was only 1 cm (Sec . 3 .1 .5)  as
compa red to anyt hi  rig from 1 to 10 cm in the 1 abo rato ry run

The much h ig her production ra te  of the St)/20 p r i  u s  . —3 . (1 k g  ‘h

compared to 14.7 k g / li for the -10/40/2 ( 1 pri u s . i s ex p lained by the  much
lower v i scos i t y  of the molten suspension of the former .  ‘l’he mo lt  en
exp losit -e  con ta in ing  S0°~ of l’~’7l’ and 20’~ of so l id s  is ob~’ b u s  lv  much more
f l u i d  than one that conta ins  only ha l f  that  amount of ‘I’S !’ and t i r re’e
tines the quantity ot’ s o l i d s .

A comparison of the average pt’111 size distribut i on of the tower
p r i u l s  to that of laboratory run 3 shows that the percentage of pi’i hl s

L 

in excess of S mm was greatly reduced in the tower’. This can again
be explained by the lower head of exp l o s i v e  over the nozzles because
the prills will form more slowly and , therefore , more un i formly .

The average bulk density of the tower pril ls was 1 .12 g!cm-~,
which compares favourably wi th the 1.13 g/cm3 obtained in the laboratory .

The TNT and Al content of the pri ll s was determ i ned by chemical
analysis for runs TR-1 , 2 and 5. When they were found to he identical
to the formulated composition, this determination was discontinued .

,I. ~~~~-~-’-—-—,*~’, “-~~~~
— ~~____&__~~~~
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F IGURE 7 - Bottom of drop pan sh owing 39 nozz le s

FIGURE 8 - N o z z l e
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4 . 0  CONCLUSIONS

;i~ p i l o t - p l a n t  p r i l l i n g  tower for the product ion of h i gh-energy
b l a s t i n g  p r i l l s  (HEBP) , as conceived at i)REV , ha s been developed , bu ilt
and put into operation . It can produc e about 90 kg ~cr batch at r’ato’
of ~3.0 kg/h of TNT/Al :80/20 pri lls or 1.1 ,” kg/h of ‘IN’I/RDX/Al :40/40/20
pril ls. The di fference in production rates depends solely on the much
lower v i scos i ty of the formulation with 80°o of TNT.

Chemical analyses conducted on both types of prills found the
final composition to be identical to the formulated composition , indicating
that the molten explosive suspension was homogenous in both the melting
hopper and the drop pan.

For a given formulation , the production rate and pr i l l  s ize
distribution depend on the nozzle size , the operating temperature and
the head of explosive above the nozzles. An operating temperature of
83 to 86°C with 2.06-mm diameter nozzles was used for the production of
prills in the tower. The head of explosive was maintained at 6 cm for the
40/40/20 prills and at 1 cm for the less viscous 80/20 prills. Under
these conditions the average particle size of the prills was about 3 inn.

To el iminate the build-up of static electrical charges on the
pr i ll s , a graphitization process was developed that deposits a thin
coat of graphite over the prills. By so doing , the electrical resistance
was reduced from 20 x 106 to 0.5 x 10 611 and thereby rendered the prills
safe to handle  and store for long periods. In addi t ion , the H ER E ’ does not
react w i t h  wa te r .

It is felt that these IIEBP explosives have excellent properties
for special military applications. The 1000-kg productions of each of
the 80/20 and 40/40/20 compositions were sent to DRE’S (Defence Research
Establishment Suffield) for determination of their cratering character--
istics. The results of these trials are given in Ref. 1.
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I ngred i ents  Used in  the  I’roduct ion ot ’ Px ’ i l i e d  E x p l o c i v e s

The f o l l o w i n g  i s  a l i s t  o t t h e  l’ ,itc materi a ls usc~i ~~~ ingredi ’it t
in  the pm’eparat ion of pr ii led exp los i \‘es

Trjnjtrotoluene (TNT): Grade 1 , TN’i’ MIL-SPEC-’I’-248A , produced by Canadian
Industries Limited , Montreal.

Composition B: Grade A of nominal viscosity of 5 s , ~IIL SPEC C-4OlD ,
• produced by Canad ian Industries Lim it ed , Montreal .

Aluminum (Al): Atomized grade SA-2-I , mean particle size ;;n l , produced
by Alum inum Company of Canada , Montreal .

Ammoniuin perchlorate (AP): Technical grade , produced by American Potash
and Chemical Corporation, Cal i fornia. It was ground at DREV to a mean
particle s ize of 15 j m.

Amnronium lignosulfonate (TSD): Technical grade , produced by Lignosol
Chemicals, Quebec .

Colloidal graphite: Technical grade , type 1540, d ispersed in  i sopropanol .
produced by Acheson Collo ids Company , Port Huron , Michigan .

____________________ I _ _ _ _ _ _ _ _
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