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ABSTRACT 

The c o n s o l i d a t i o n  o f  powders d u r l n g  compac t lon  can 

bo r e l a t i v e l y  e a s i l y  measured and i n d i c a t e s  b o t h  t h e  

mechanism o f  c o n s o l i d a t i o n  and mochan ica l  p r o p o r t i e s  o f  

t h e  drug .  Knowledge o f  who tho r  a p a r t i c u l a r  powdor 

c o n s o l i d a t e s  by f r a c t u r e  o r  by  p l a s t l c  d e f o r m a t i o n  can 

be i n v a l u a b l e  i n  a p r e f o r m u l a t l o n  s t u d y .  The deve lop -  

ment p h a r m a c i s t  may have t o  ovorcomo b i o a v a i l 8 b l l i t y  o r  

s t a b i l i t y  p rob loms a r i s i n g  d u r i n g  p r o c o s s i n g  as  a r e s u l t  

o f  c o n s o l i d a t l o n  mechanisms. 

INTRODUCTION 

D u r i n g  t h e  t a b l o t t i n g  o f  p h a r m 8 c e u t i c a ~ s ,  powders 

o r  g r a n u l e s  a r e  compactod t o  f o r m  an adheron t  mass. T h i s  

o p e r a t i o n  o f  c o n s o l i d a t i n g  t h o  powdor may o f f e r  t h e  

*basod on a paper  g i v e n  a t  a Symposium on “ C h a r a c t e r i s -  
a t i o n  o f  t h e  Bulk P r o p e r t i e s  o f  G r a n u l a r  M a t o r i a l s  and 
Powders”, U e s t f i o i d  Col leg., London, Soptombor 1973. 
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deve lopment  p h a r m a c i s t  u s e f u l  i n f o r m a t i o n  on t h e  p r o p -  

e r t i e s  o f  t h e  d r u g  o r  e x c i p l e n t  b e i n g  compacted. Such 

i n f o r m a t i o n  may be u s e f u l  i n  t h e  subsequent  e v a l u a t i o n  

o f  s t a b i l i t y  o r  b i o a v a l l a b i l i t y  d a t a  as w e l l  as g i v i n g  

a u s e f u l  measure o f  t h e  mechan ica l  p r o p e r t i e s  o f  t h e  

subs tance .  

E m p i r i c a l  t r e a t m e n t  o f  c o n s o l i d a t i o n  d a t a  may be 

t r a c e d  back  t o  t h e  work  o f  Walker  ( I ) ,  who o b t a i n e d  a 

r e l a t i o n  be tween t h e  r e l a t i v e  vo lume,  V r ,  o f  a compact 

and t h e  f o r m i n g  p r e s s u r e ,  P .  

V r  - C -k I n  P (1  1 

where t h e  r e l a t i v e  volume i s  d e f i n e d  as t h e  r a t i o  o f  

t h e  b u l k  volume a t  p r e s s u r e  P t o  t h e  volume a t  i n f i n i t e  

p r e s s u r e  and C and k a r e  c o n s t a n t s .  S i m i l a r  e q u a t i o n s  

have s i n c e  been p u t  f o r w a r d  by many w o r k e r s  i n  t h e  

f i e l d s  o f  g e o l o g y ,  ce ramics  and powder t e c h n o l o g y .  

However, t h e s e  e q u a t i o n s  can o n l y  be c o n s i d e r e d  as 

c u r v e  f i t t i n g  e x e r c i s e s  - t o  f i t  t h e  a v a i l a b l e  d a t a .  

Noreover ,  t h e  c o n s t a n t s  c o n t a i n e d  i n  e q u a t i o n s  o f  t h f s  

t y p e  have d o u b t f u l  p h y s i c a l  s i g n i f i c a n c e  and c a n n o t  be 

a s s i g n e d  t o  a p a r t i c u l a r  p a r a m e t e r  o f  t h e  powder b e i n g  

compacted o r  t o  t h e  geomet ry  oaf t h e  sys tem.  

A more m e a n i n g f u l ,  i f  s t i l l  e m p i r i c a l ,  app roach  was 

t a k e n  by Hecke l  ( 2 1 ,  who c o n s i d e r e d  t h a t  t h e  c o n s o l i d -  

a t i o n  o r  dec rease  i n  p o r o s i t y  w i t h  i n c r e a s e d  p r e s s u r e  
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WWEB CONSOLIDATION 

c o u l d  be  l i k e n e d  t o  a f i r s t  o r d e r  chemica l  r e a c t i o n .  

From t h l s  approach,  he o b t a i n e d  a r e l a t i o n  between 

a p p a r e n t  d e n s i t y ,  D,  and f o r m i n g  p r e s s u r e ,  P .  

1 
( 2  1 I n  (m) - KP + A 

where K and A a r e  c o n s t a n t s .  I n  t h l s  case, however,  

t h e  c o n s t a n t s  were  shown t o  have some r e i a t i o n s h l p  t o  

t h e  system, s i n c e  K was found  t o  be equa l  t o  t h e  

r e c i p r o c a l  o f  t h e  mean y i e l d  p r e s s u r e  and A was a 

f u n c t i o n  o f  t h e  o r i g i n a l  cornpqct volume. I n  f a c t ,  

A i s  n o t  a lways  c o n s t a n t ,  b u t  depends upon t h e  degree 

o f  p a c k i n g  t o  wh ich  t h o  powder has been s u b j e c t e d  and 

also on t h e  geomet ry  o f  t h e  system. I t  tends  t o  a 

c o n s t a n t  v a l u e  f o r  l a r g e  d i a m e t e r  compacts I n  w h i c h  t h e  

powder Is w e l l  packed. 

U s l n g  a model d e r l v e d  f r o m  s t a t i s t i c a l  mechanics,  

B o c k s t l e g e l  ( 3 )  s l m i l a r y  e v o l v e d  an e q u a t i o n  f o r  powder 

c o n s i d a t i o n ,  w h i c h  may be  s i m p l l f i e d  t o  t h e  f o r m  o f  

e q u a t i o n  ( 2 ) .  

Use o f  e q u a t i o n  (2 )  i s  c a p a b l e  o f  d i s t i n g u l s h l n g  

between t h e  mechanism o f  c o n s o l l d a t l o n .  F o r  example,  

sod lum c h l o r i d e  c o n s o l i d a t e s  m a i n l y  b y  p l a s t i c  de form-  

a t i o n  (4). T a k i n g  d i f f e r e n t  p a r t i c l e  s i z e  f r a c t i o n s  

g i v e s  r l s e  t o  d l f f e r e n t  b u l k  volumes o r  i n i t i a l  v a l u e s  

o f  A ( i . e .  when P - 0 ) .  D u r i n g  compact lon .  t h e  

i n i t i a l  p a r t i c l e  s i z e  i n f l u e n c e s  t h e  c o n s o l i d a t i o n  o f  
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BERSEY 

t h e  m a t e r  

a t i o n  o f  

f ragmenta 

a1 g i v  

a c t o s e  

i o n  o f  

ng  a t y p e  A c u r v e  ( f i g - I ) .  C o n s o l i d -  

(4) and s u c r o s e  (5) proceeds  m a i n l y  by 

t h e  p a r t  

s i z e  h a v i n g  l i t t l e  e f f e c t  

can be seen f r o m  t h e  t y p e  

ium c h l o r i d e  behaves s i m i  

whereas p o t a s s i u m  c i t r a t e  

and s u c r o s e  (7). 

More r e c e n t l y ,  a t h i r d  

has been r e p o r t e d  f o r  f a t t  

Where a b i n a r y  m i x t u r e  o f  

powder was used,  t h e r e  was 

t o  t y p e  C c o n s o l i d a t i o n  as 

c l e s .  The i n i t i a l  p a r t i c l e  

on t h e  c o n s o l i d a t i o n  c u r v e  as 

8 c u r v e  ( f i g . 2 )  ( 6 ) .  P o t a s s -  

a r l y  t o  sod ium c h l o r i d e  

behaves s i m i l a r l y  t o  l a c t o s e  

t y p e  o f  b e h a v i o u r  ( t y p e  C )  

a c i d  powders ( f i g . 1 )  ( 8 ) .  

a c t o s e  and a f a t t y  a c i d  

a g e n e r a l  s h i f t  f r o m  t y p e  B 

t h e  p e r c e n t a g e  o f  f a t t y  a c i d  

powder i n  t h e  m i x t u r e  was i n c r e a s e d .  

APPLICATION 

I f  d u r i n g  t h e  p r o c e s s i n g  o f  a p h a r m a c e u t i c a l  p r o d u c t  

t h e r e  a r e  changes I n  t h e  p a r t i c l e  s i r e  o f  t h e  d r u g ,  

A p p l i e d  P r e s s u r e  P 

PIGORE I 
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P(IyDZR COUSOLIDATION 

t h o s e  changes may have an i n f l u e n c e  on  b o t h  t h e  s t a b i l -  

i t y  and a v a i l a b l l l t y  o f  t h a t  d rug ,  due t o  t h e  i n c r e a s e  

i n  s u r f a c e  area .  For  example, a s p i r i n  has been shown 

t o  f r a c t u r e  d u r i n g  t a b l e t t i n g  and then,  on f u r t h e r  

l n c r e a s e  i n  p r e s s u r e  t o  rebond. T h i s  maximum I n  t h e  

s u r f a c e  a rea  g raph  has been shown t o  c o i n c i d e  w i t h  t h e  

maximum d i s s o l u t i o n  r a t e  f o r  a s p i r i n  t a b l e t s  p r e p a r e d  

o v e r  a range o f  d i f f e r e n t  p r e s s u r e s  ( 9 ) .  

C l e a r l y ,  i t  wou ld  be an advan tage  f o r  t h e  f o r m u l -  

a t o r  t o  know how h i s  d rug  w i l l  behave on  compression. 

Measurement o f  changes i n  s u r f a c e  a rea  a r e  r e l a t i v e l y  

complex (10.11). I t  i s  much more s i m p l e  t o  measure 

t h e  compact d imens ions  a t  d i f f e r e n t  f o r m i n g  p r e s s u r e s  

and p l o t  e q u a t i o n  (2) ( 1 2 ) .  

However, t h e r e  a r e  prob lems i n  t h e  i n t e r p r e t a t i o n  

o f  e q u a t i o n  (2 ) .  These have n o t  been q u a n t i f i e d  i n  

t h i s  c o n t e x t  t o  any e x t e n t .  The 

sys tem w i l l  be I m p o r t a n t ,  s i n c e  i t  

p a c k i n g  o f  t h e  powder. The d e p t h  

ence t h e  a c t u a l  p r e s s u r e  a t  any PO 

eomc t ry  o f  t h e  

w i  

o f  

n t  

due t o  t h e  l o g a r i t h m i c  p r e s s u r e  loss 

1 a f f e c t  t h e  

f i l l  w i l l  i n f l u -  

i n  t h e  compact 

own t h e  compact 

l e n g t h  due t o  f r i c t i o n .  The method o f  measurement o f  

t h e  compact, whether  i n  s i t u  i n  t h e  d i e  o r  a f t e r  

e j e c t i o n ,  a l l o w i n g  f o r  e l a s t f c  r e c o v e r y  t o  t a k e  p l a c e .  

The presence o f  t r a c e  con taminan ts ,  i n c l u d i n g  m o i s t u r e  

o r  l u b r i c a n t s .  The p a r t i c l e  r l t e  e f f e c t  par sa as 
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BEBSEY 

i n d i c a t e d  by  t h e  w o r k  o f  G r l f f i t h  ( 1 3 ) .  T h e  s i g n i f i c -  

a n c e  o f  t h e  a b o v e  p a r a m e t e r s  m u s t  b e  a s c e r t a i n e d  b e f o r e  

r e 1  l a n c e  

r e s u l t s  

p r o b a b l y  

d r y  powd 

c a n  b e  p u t  o n  t h e  i n t e r p r e t a t  

1 4 ) .  i n  v i e w  o f  o u r  c u r r e n t  

b e t t e r  t o  u s e  r e l a t i v e l y  t h i n  

r i n  a c l e a n  d i e  o f  r e l a t i v e l .  

on of  t h e  

k n o w l e d g e ,  i t  i s  

f i l l s  o f  c l e a n  

l a r g e  d i a m e t e r .  

F u r t h e r  w o r k  I n  t h i s  a r e a ,  s u c h  as t h e  e l u c i d a t i o n  

of e l a s t i c  r e c o v e r y  b y  t h e  c o m p r e s s i o n  o f  s t a r c h  g r a i n s  

(15) and  t h e  a d d i t i o n a l  e v i d e n c e  o f f e r e d  b y  m e a s u r i n g  

s t r e s s  r a t i o s  d u r i n g  c o n s o l i d a t i o n  ( 1 6 ) .  w i l  1 e n a b l e  

t h e  d e v e l o p m e n t  p h a r m a c i s t  t o  g a i n  a c o n s i d e r a b l e  know- 

l e d g e  o f  t h e  d r u g  f r o m  r e l a t i v e l y  s i m p l e  e x p e r i m e n t s  

du r i n g  p r e f o r m u l  a t  i o n .  

1 .  

2 .  

3 . .  

4. 

5. 
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