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A comwn method o f  f i l l i n g  hard g e l a t i n  capsules employs a dosa to r  nozz le  which 
d i p s  i n t o  a pre-formed powder bed, p i c k s  up a p l u g  o f  powder and subsequently 
e j e c t s  i t  i n t o  an empty g e l a t i n  s h e l l .  I n  o rde r  t o  a t t a i n  cons tan t  f i l l  weight 
t he  powder bed should be o f  a un i fo rm and rep roduc ib le  b u l k  d e n s i t y .  A technique 
has been developed by which l o c a l  v a r i a t i o n s  i n  b u l k  d e n s i t y  o r  p o r o s i t y  can be 
detected.  

Gamma rays o f  energy 60 keV from a 200  m C i  p o i n t  source o f  Americium-241 a re  
c o l l i m a t e d  i n t o  a c y l i n d r i c a l  beam 2mm i n  diameter and d i r e c t e d  through a 
powder bed. The emerging photons a r e  c o l l i m a t e d ,  de tec ted  by a sodium i o d i d e  
c r y s t a l  and counted by a d i g i t a l  e l e c t r o n i c  counter .  The p o r o s i t y  of t h a t  p a r t  
o f  the sample through which the beam passes i s  g i ven  by E i n  the  f o l l o w i n g  
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equa t ion :  N ltl- 
NO 

E =  1 + -  
!JL 

where N = number o f  counts i n  t ime  t w i t h  the sample i n  the beam, No = number 
o f  counts i n  t ime t w i t h  no sample i n  t h e  beam, p = a t t e n u a t i o n  c o e f f i c i e n t  
o f  sample m a t e r i a l  and L = th i ckness  o f  powder bed. By d i r e c t i n g  the beam 
through a number o f  d i f f e r e n t  p o s i t i o n s  i n  a powder bed, a p i c t u r e  o f  l o c a l  
p o r o s i t y  v a r i a t i o n s  may be b u i l t  up. 

The model powder system chosen f o r  t h i s  work was a - l a c t o s e  monohydrate, 
a v a i l a b l e  i n  e i g h t  p a r t i c l e  s i z e  f r a c t i o n s .  Samples were con ta ined  i n  
aluminium c y l i n d e r s  o f  depth 4.4.cm and i n t e r n a l  diameter 1.9cm. Values o f  
a t t e n u a t i o n  c o e f f i c i e n t ,  !J, a t  60  keV were determined f o r  each s i z e  f r a c t i o n  
a t  a range o f  o v e r a l l  p o r o s i t i e s  as f o l l o w s :  a composite count ,  N ,  was obta ined 
such t h a t  i t  was r e p r e s e n t a t i v e  o f  the sample as a whole, and i t  was s u b s t i t u t e d  
i n t o  the above equat ion a long  w i t h  the o v e r a l l  p o r o s t i y  E. The va lue  o f  !J 
ob ta ined  was dependent on the o v e r a l l  p o r o s i t y ,  and the  best f i t  s t r a i g h t  l i n e  
t o  the r e l a t i o n s h i p  between !J and E was found t o  be: 

p = (0.289 + 0 . 0 2 1 5 ~ )  cm-l 

(number o f  p o i n t s =  5 0 ,  c o r r e l a t i o n  c o e f f i c i e n t  = 0 . 8 0 5 ,  s i g n i f i c a n t  a t  the 
1 %  l e v e l ) .  Th i s  p rov ides  the c a l i b r a t i o n  f o r  subsequent l o c a l  p o r o s i t y  
de te rm ina t ions .  

Three p a r t i c l e  s i z e  f r a c t i o n s  o f  l a c t o s e  were f i l l e d  by a v a r i e t y  o f  methods 
i n t o  the sample con ta ine rs  desc r ibed  above. The c o l l i m a t e d  gamma-ray beam 
was d i r e c t e d  v e r t i c a l l y  through the  sample, and by a d j u s t i n g  the l a t e r a l  
p o s i t i o n  o f  the c o n t a i n e r  by means o f  a micromanipulator ,  counts were recorded 
i n  a def ined network o f  p o s i t i o n s .  
each count, and the  network o f  r e s u l t s  i nd i ca ted  the r a d i a l  d i s t r i b u t i o n  o f  
p o r o s i t y .  Computer p rocess ing  o f  such p o r o s i t y  d i s t r i b u t i o n s  produced images 
which cou ld  be d i sp layed  on a c o l o u r  te I .ev i s ion  screen, o r  reproduced by an 
e l e c t r o s t a t i c  p r i n t e r  t o  i l l u s t r a t e  l o c a l  p o r o s i t y  v a r i a t i o n s  p i c t o r i a l l y .  

A l o c a l  p o r o s i t y  va lue  was c a l c u l a t e d  from 


