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Mechanisms o f  s e g r e g a t i o n  which apply t o  a random mix (Williams, 
1968) a r e  u n l i k e l y  t o  s e p a r a t e  a p e r f e c t  o rdered  mix, such a s  t h a t  d e s c r i b e d  by 
Yip and Hersey (1977) .  Elcema G250 ( E )  and DiPac sugar  (DP) , two d i r e c t  
compression e x c i p i e n t s  which may produce s e g r e q a t i o n  i n  random mixes because of 
t h e i r  p a r t i c l e  s i z e  and flow p r o p e r t i e s ,  were mixed s e p a r a t e l y  with 0.5% of a 
f i n e - p a r t i c l e ,  model drug ,  potassium s o r b a t e  (PS) us ing  a Y-cone b lender .  The 
mixed powders were f i l l e d  i n t o  a b r a s s  c y l i n d e r  and samples ranging  from 250 t o  
1000 mg were analysed;  t h e  homogeneity w a s  independent  of  s m p l e  s i z e ,  confirming 
t h a t  a p e r f e c t  mix had been formed. The c y l i n d e r  w a s  s u b j e c t e d  t o  low frequency 
v i b r a t i o n  i n  a j o l t i n g  volumeter. This  produced a n o n - d i l a t i n g  bed with 
i n t e r p a r t i c u l a t e  voids  smaller than t h e  e x c i p i e n t  p a r t i c l e s  b u t  l a r g e  enough t o  
a l low movement of  any d is lodged  PS p a r t i c l e s .  A f t e r  v i b r a t i o n ,  5 samples were 
removed from each o f  4 l e v e l s  i n  t h e  c y l i n d e r ,  zone I be ing  a t  t h e  t o p ,  zone IV 
a t  t h e  bottom. The c o e f f i c i e n t s  o f  v a r i a t i o n  (CV%) were compared with t h e  
t h e o r e t i c a l  CV8 of  a random mix (Johnson, 1975) as  shown i n  F ig .  1. DP shows a 
tendency f o r  PS t o  s e g r e g a t e  throughout  t h e  bed al though CV% diminishes  towards 
t h e  c y l i n d e r  base because,  due t o  c o n s o l i d a t i o n ,  t h e  voids  become s m a l l e r ,  
r e s t r i c t i n g  f r e e  movement o f  drug.  Microscopic s u r f a c e  exanina t ion  o f  DP and E 
p a r t i c l e s  showed that E was f a r  more p i t t e d  than DP, and mercury w r o s i m e t r y  
showed that  t h e  s u r f a c e  a r e a  o f  pores  a c c e s s i b l e  t o  p a r t i c l e s  g r e a t e r  than 2 urn 
was 1,365 cm2/g f o r  DP and 5,400 cm2/g f o r  E. 
p a r t i c l e s ,  diameter  d ,  i n  a mix, t h e  t h e o r e t i c a l  f r a c t i o n  f ,  which w i l l  adhere t o  
c a r r i e r  p a r t i c l e s ,  d iameter  D ,  i s  given by t h e  r e l a t i o n s h i p  f = nd2/4D2, where n 
i s  t h e  number o f  small p a r t i c l e s  adhering t o  each l a r g e  p a r t i c l e  (Hersey, 1975) .  
Using our  experimental  va lues  f o r  s u r f a c e  a r e a s  a c c e s s i b l e  t o  PS p a r t i c l e s ,  f i s  
g r e a t e r  than u n i t y  showing t h a t  t h e r e  are many more s i tes  of  adhesion than 
adher ing  p a r t i c l e s .  Thus, s t e r e o m e t r i c a l l y ,  both DP and E a r e  capable  of 
c a r r y i n g  t h e  f i n e  p a r t i c l e s  b u t  PS appears  t o  form s t r o n q e r  bonds with E than 
w i t h  DP. We conclude t h a t  p a r t i c l e s  enc lose6  i n  c a v i t i e s  on t h e  s u r f a c e  of  E 
w i l l  experience q r e a t e r  s u r f a c e  i n t e r a c t i o n  i n c l u d i n g  e l e c t r o s t a t i c  a t t r a c t i o n ,  
s o  t h a t  the f o r c e  o f  aclhesion i s  g r e a t e r  than t h e  v i b r a t i o n a l  f o r c e  o f  
s e g r e g a t i o n .  The d i f f e r e n t  s e g r e g a t i o n  behaviour  of PS when mixed wi th  DP and E 
i n d i c a t e s  t h a t  the t h e o r e t i c a l  parameter ,  f ,  v a r i e s  depending on t h e  s u r f a c e  and 
e l e c t r i c a l  p r o p e r t i e s  o f  carr ier  p a r t i c l e s .  

O f  the t o t a l  number o f  small 

Fig.  1 Mean CV% a t  d i f f e r e n t  sampling 
p o s i t i o n s  , with  95% confidence limits 
f o r  DiPac s u g a r  e and E l c e m  G250 = : 
x and y are t h e o r e t i c a l  unper and lower 

3 99% confidence l i m i t s  f o r  a random mix. 
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