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A THEORETICAL APPROACH TO OPTIMISING CAPSULE FILLING BY A 
., DOSATOR NOZZLE 
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The r e t e n t i o n  of  powder wi th in  a capsule  f i l l i n g  d o s a t o r  nozz le  dur ing  t r a n s f e r  
from t h e  feed bed t o  t h e  capsule  s h e l l  r e q u i r e s  t h e  formation o f  a s t a b l e  powder 
a r c h  a t  t h e  nozzle  o u t l e t .  I t  has  been previous ly  shown ( J o l l i f f e  and Newton 
1978) by t h e  a p p l i c a t i o n  o f  hopper design t h e o r i e s  t h a t  t h e  a b i l i t y  t o  form an 
arch  depends on t h e  angle  of  wal l  f r i c t i o n ,  0 .  Fur ther  a p p l i c a t i o n  of  t h e s e  
t h e o r i e s  (Walker 1966 and Walters 1972) enables  t h e  c a l c u l a t i o n  o f  t h e  
compression t h a t  must be appl ied  dur ing  f i l l i n g  t o  ensure a rch ing  w i l l  occur a t  
t h e  o u t l e t .  The v e r t i c a l  compressive s t r e s s  t h a t  i s  requi red  t o  a c t  a t  t h e  top  
of  t h e  powder bed, ~ ~ , ~ r e q ,  shows a dependence on t h e  e f f e c t i v e  angle  o f  i n t e r n a l  
f r i c t i o n ,  6 ,  t h e  Jenike flow f a c t o r ,  FF, and t h e  bulk d e n s i t y ,  y, of  t h e  powder, 
nozz le  dimensions and t h e  angle  o f  wall f r i c t i o n ,  0. 

The r e l a t i o n s h i p  between t h e s e  f a c t o r s  and ~ ~ , ~ r e q  has been i n v e s t i g a t e d  by using 
t y p i c a l  va lues  f o r  each of  t h e s e  f a c t o r s  and varying each one i n  t u r n .  The 
v a r i a t i o n  o f  ~ ~ , ~ r e q  with 6 produced t h e  most s i g n i f i c a n t  e f f e c t .  
a s  t h e  va lue  o f  $ is  increased ,  oz,oreq decreases ,  s i n c e  it i s  e a s i e r  f o r  a rch ing  
t o  occur  on rougher walls. However, a s  l a r g e r  va lues  o f  9 a r e  used, ozq9req  
l e v e l s  o f f  and then i n c r e a s e s  aga in .  Although rougher w a l l s  enable  a rch ing  
with smal le r  compressive s t r e s s e s  a c t i n g  a t  t h e  p o t e n t i a l  a rch ing  zone, t h e s e  
l a r g e  va lues  0 make it more d i f f i c u l t  t o  t ransmi t  s t r e s s  t o  t h i s  zone r e s u l t i n g  
i n  a l a r g e  aZ,,req being necessary .  

The r e l a t i o n s h i p  between t h e  o t h e r  f a c t o r s  6 ,  FF ,  y and c o n t a i n e r  dimensions and 
oz,oreq show e i t h e r  l i n e a r  o r  exponent ia l  r e l a t i o n s h i p s .  
f a c t o r s  on t h e  minimum value  o f  az ,oreq v a r i e s  with t h e  f a c t o r .  Increas ing  t h e  
va lue  of  6 causes  t h e  optimum v a l u e  of @ ( a t  which Gz,?req i s  a minimum) t o  
i n c r e a s e .  
enabl ing  b e t t e r  s t r e s s  t r a n s f e r  through t h e  bed t o  t h e  a rch ing  zone. Large 
va lues  o f  FF cause t h e  optimum value  o f  6 t o  decrease  because i n  f r e e  flowing 
powders, p a r t i c l e s  tend 10 s l i d e  over  each o t h e r ,  r e s u l t i n g  i n  poor s t r e s s  
t r a n s f e r .  Increas ing  t h e  bulk d e n s i t y  of  t h e  bed does not a f f e c t  t h e  optimum 
value  of @, but  t h e  improved s t r e s s  t r a n s f e r  through a t i g h t l y  packed bed means 
l e s s  compression i s  r e q u i r e d .  I f  t h e  nozzle  length  i s  increased ,  a g r e a t e r  
o Z  oreq w i l l  have t o  be appl ied  s i n c e  t h e  s t r e s s  has t o  be t r a n s f e r r e d  through a 
1a;ger d i s t a n c e .  

In g e n e r a l ,  cohesive m a t e r i a l s  w i l l  be r e t a i n e d  with minimal compressive s t r e s s  
on rough nozzle  wal l s ,  w h i l s t  smoother wal l s  provide t h e  b e s t  condi t ions  f o r  
r e t a i n i n g  powder t h a t  i s  f r e e  f lowing.  
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Large va lues  o f  6 a r e  due t o  g r e a t e r  f r i c t i o n  between t h e  p a r t i c l e s  

J o l l i f f e ,  I .G. ,  and Newton, J . M .  (1978) J.Pharm.Pharmaco1. 30: 4 1 P  
Walker, D . M .  (1966) Chern. Eng. S c i .  21: 975-997 
Walters ,  J.K. (1973) Chem. Eng. S c i .  28:13-21 


