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INTERPARTICLE ADHESION FORCES IN ORDERED MIXES 
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Random powder mixing  w i l l  o n l y  o c c u r  w h e n  t h e r e  a r e  no i n t e r a c t i o n s  between 
p a r t i c l e s  (Lacey  19431.  I n  a b i n a r y  m i x  o f  l a r g e  f r e e - f l o w i n g  p a r t i c l e s  and 
s m a l l  c o h e s i v e  p a r t i c l e s ,  t h e  f i n e  f r a c t i o n  may a d h e r e  t o  t h e  c o a r s e  f r a c t i o n  
[ c a r r i e r s )  t b i s  p r e v e n t s  r a n d o m i s a t i o n  and p roduces  an o r d e r e d  m i x  [Her sey ,  
1975). The f o r m a t i o n  of o r d e r e d  rcixes depends  on t h e  i n t e r p a r t i c u l a t e  a d h e s i o n  
f o r c e s  which ho ld  o r d e r e d  u n i t s  t o g e t h e r .  A c e n t r i f u g a l  method f o r  c a l c u l a t i n g  
a d h e s i o n a l  f o r c e s  i n  f i n e  p e r t i c l e s ,  deve loped  by Krupp (19671 ,  was mod i f i ed  f o r  
u s e  1 4 i t h  p h a r m a c e u t i c a l  powder mixes ,  The a d h e s i o n a l  f o r c e s  i n  o r d e r e d  mixes  
c o n t a i n i n g  sucrose I S 1  and 1% f i n e  s a l i c y l i c  a c i d  " S A )  p a r t i c l e s  were compared 
w i t h  t h e  i n t e r p a r t i c l e  f o r c e s  b i n d i n g  SA t o  t h e  d i r e c t  compress ion  e x c i p i e n t s ,  
Emdex ( E l  and Dipac  [Dl. A sample  f rom each  o r d e r e d  mix was p l a c e d  i n  a 
s p e c i f i c a l l y  c o n s t r u c t e d  spec imen c e l l  which f i t t e d  i n t o  an  u l t r a c e n t r i f u g e  r o t o r .  
Dur ing  r o t a t i o n  any d i s l o d g e d  d r u g  p a r t i c l e s  were  s e p a r a t e d  f rom c a r r i e r  
p a r t i c l e s  c n t o  a c o l l e c t i n g  i l n i t  which was s u b s e q u e n t l y  a n a l y s e d  for SA c o n t e n t .  
F i g u r e  1 shows t h e  r e l a t i o n s h i p  between t h e  q u a n t i t y  o f  d r u g  p a r t i c l e s  adhe red  
t o  c a r r i e r  p a r t i c l e s  and t h e  magn i tude  o f  t h e  a d h e s i o n  f o r c e s .  The q u a n t i t y  of 
d r u g  p a r t i c l e s  bound t o  t h e  s u r f a c e  o f  S p a r t i c l e s  d i m i n l s k d w i t h  i n c r e a s i n g  
a d h e s i o n  f o r c e  and t h e  amount a d h e r i n g  w i t h  a maximum m e a s u r a b l e  f o r c e  o f  
1360 rn.dyne ( 1 . 3 6  x w 5 N )  was 3% w h i c h  was lower  t h a n  t h e  p r o p o r t i o n  o f  SA 
a d n e r e d  t o  D or E a t  1360 m.dyne (1.36 x 10-5PJ) and was p r o b a b l y  caused  by 
s u r f a c e  i r r e g u l a r i t i e s  on t h e  r o u g h e r  D and E p a r t i c l e s  p r o d u c i n g  i n c r e a s e d  
i n t e r p a r t i c u l a t e  a t t r a c t i o n  f o r c e s .  T h e  a d h e s i o n  p r o f i l e  of C and 1% SA 
o r d e r e d  mixes  was a compos i t e  o f  two c u r v e s  ( F i g .  11. The f i r s t  s e c t i o n  showed 
an i n i t i a l  loss o f  l a r g e  q u a n t i t i e s  of SA p a r t i c l e s  f rom o r d e r e d  u n i t s  c o n t a i n i n g  
D. Approximate ly  20% of t h e  f i n e  ';A a r t i c l e s  were bound t o  D by adhes ion  
f o r c e s  less t h a n  38 m.dyne (3 .8  x 1O-'.J1 whereas  i n  o r d e r e d  mixes  c o n t a i n i n g  S o r  
E c a r r i e r  p a r t i c l e s  c n l y  5% of  SA p a r t i c l e s  had a d h e s i o n  f o r c e s  less  than  
38 m.dyne 13 .8  1017N). 

T h e  adhes ion  f o r c e s  b i n d i n g  E and  SA were s t r o n g e r  t h a n  t h e  f o r c e s  i n  e i t h e r  
S o r  D o r d e r e d  mixes .  S i n c e  o n l y  35% of SA p a r t i c l e s  were a d h e r e d  t o  E w i t h  
f o r c e s  l e s s  t h a n  1360 m.dyne 1 .36  x l O + N I  l a r g e - s c a l e  s e g r e g a t i o n  o f  t h e s e  m i x e s  
would be improbab le .  C o n v e r s e l y ,  t h e  d i s p r o p o r t i o n a t e l y  l a r g e  q u a n t i t y  o f  weakly 
b o u n d  C and SA p a r t i c l e s  r a y  be connec ted  w i t h  t h e  i n c r e a s e d  s e g r e g a t i o n  t endency  
o f  Dipac  o r d e r e d  mixes  IRees L S t a n i f o r t h  1978). 

F i g .  1. R e l a t i o n s h i p  between q u a n t i t y  
o f  SA a d h e r e d  t o  c a r r i e r  p a r t i c l e s  and 
magn i tude  o f  a d h e s i o n  f o r c e s  f o r  o r d e r e d  
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