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ABSTRACT 

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

l o g g e d  s t r a i n  movements ( a t  c o n s t a n t  s t r e s s )  and  e l a s t i c -  

v i s c o e l a s t i c  e x p a n s i o n s  ( o n  l o a d  r e l e a s e )  of c o m p a c t s  made f r o m  

e i g h t  p h a r m a c e u t i c a l  powders  a r e  r e p o r t e d .  T h e  f e a s i b i l i t y  of 

u s i n g  an e l a s t i c  r e c o v e r y  i n d e x  ( t h e  r a t i o  of e l a s t i c  r e c o v e r y  t o  

v i s c o e l a s t i c  s t r a i n  movements)  t o  p r e d i c t  t h e  q u a l i t y  of a 

m a t e r i a l  i s  a l s o  d i s c u s s e d .  

A l l  c o m p a c t s  c o n t i n u e d  t o  c o n s o l i d a t e  b y  v i s c o e l a s t i c  and 

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

p e r i o d .  The " c o m p r e s s i b l e "  b a s e s  A v i c e l  PH-101 and Sta-R:i 1500 

e x h i b i t e d  more t i m e  d e p e n d e n t  movements t h a n  p o w d e r s  siich a s  

P a r a c e t a m o l  D C ,  P a r a c e t a m o l ,  E m ~ o m p r e s s  and magnesium s t e a r a t e .  

P o o r l y  c o m p r e s s i b l e  m a t e r i a l s  s u c h  a s  magnesium c a r b o n a t e  and 

p a r a c e t a m o l  showed t h e  g r e a t e s t  e l a s t i c  e x p a n s i o n s  on l o a d  

r e l e a s e .  

I t  h a s  been f o u n d  t h a t  t h e  e l a s t i c  r e c o v e r y  i n d i c e s  o f  t h e  

c o m p r e s s i b l e  m a t e r i a l s  were l o w e r  t h a n  t h o s e  of p o o r l y  

c o m p r e s s i b l e  p o w d e r s .  
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I N T R O D U C T I O N  

CELIK AND TRAVERS 

S e v e r a l  a u t h o r s  ( 1 - 4 )  have i n v e s t i g a t e d  t h e  p l a s t i c  a n d  

v i s c o e l a s t i c  f low t h a t  o c c u r s  w h e n  a t a b l e t  i s  he ld  under c o n s t a n t  

compression f o r c e .  Some o t h e r  t e c h n i q u e s  have a 1 5 0  been developed  

t o  measure s t r e s s  r e l a x a t i o n  under c o n s t a n t  s t r a i n  c o n d i t i o n s  

( 5 - 8 ) .  

I t  has  been p o i n t e d  out  ( 2 - 4 )  t h a t  on t h e  r e l e a s e  of 

compress ion  f o r c e ,  the  compact w i l l  expand w i t h i n  t h e  d i e  and may 

c o n t i n u e  t o  do so a f t e r  e j e c t i o n .  Armstrong a n d  H a i n e s - N u t t ( ? ) ,  

Erycer  a n d  o t h e r s ( l 0 )  and s e v e r a l  more a u t h o r s  (11-13)  have crsed 

the  p e r c e n t a g e  e l a s t i c  r ecove ry  ( E )  d e f i n e d  b y  

E = 100 * i H  - H c ) / H c  ( 1 )  

t o  measure t h e  d i s r u p t i v e  e f f e c t s  of e l a s t i c  de fo rma t ion  on  t h e  

cornpacts a n d  t o  p r e d i c t  t h e  capping  t e n d e n c i e s  of t h e  m a t e r i a l s .  

In t h e  above e q u a t i o n  Hc and H a r e  t h e  h e i g h t s  of t h e  compacts 

under p r e s s u r e  and a f t e r  e j e c t i o n  r e s p e c t i v e l y .  However Rue and 

o t h e r s ( l 4 )  u s ing  an a c o u s t i c  emis s ion  t e c h n i q u e  showed t h a t  

capping  and l a m i n a t i o n  can occur  d u r i n g  t h e  decompress ion  w i t h i n  

t h e  d i e .  T r a v e r s  a n d  o t h e r s ( 3 )  and Ce l ik  and o t h e r s i 4 )  employed a 

computer a ided  logg ing  t e c h n i q u e  t o  prove  t h a t  e l a s t i c  expans ion  

of t h e i r  compacts took p l a c e  i n  abou t  0 .1s  a n d  t h i s  occured  w i t h i n  

the  d i e  immedia te ly  t h e  load  was r e l e a s e d .  After t h i s  s h o r t  

p e r i o d  compacts con t inued  t o  expand vi s c o e l  a s t i c a l  1 y .  

T h e  pu rpose  of t h i s  s t u d y  was t o  i n v e s t i g a t e  t he  f e a s i b i l i t y  

o f  u s ing  an E l a s t i c  Recovery Index ( E R I )  d e f i n e d  b y  

ERI = ER / SM ( 2 )  

where ER i s  t h e  e l a s t i c  expans ion  of t h e  compact w i t h i n  t h e  d i e  on 

load  r e l e a s e  and SM i s  the  v i s c o e l a s t i c  s t r a i n  movements under 

d e f i n e d  c o n s t a n t  s t r e s s  c o n d i t i o n s .  The e f f e c t s  of compress ion  

f o r c e  and ho ld ing  t ime  ( d u r a t i o n  of maximum compress ion  f o r c e )  5 n  

the  p a r a m e t e r s  ERI, E R  and S M  were a l s o  i n v e s t i g a t e d .  

M A T E R I A L S  A N D  METHODS 

I n  t h i s  s t u d y ,  f i v e  d i r e c t  compress ion  b a s e s  Avicel PH-101 ( a  

m i c r o - c r y s t a l l i n e  c e l l u l o s e ) ,  Sta-Rx 1500 ( a  modif ied  s t a r c h ) ,  
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USE OF AN ELASTIC RECOVERY INDEX 301 

Parace tamol  DC ( d i r e c t  compress ion  of p a r a c e t a m o l ) ,  Emdex i a  

m a l t o s e / d e x t r o s e  m i x t u r e )  and Emcompress (an  e x c i p i e n t  based on 

d i ca l c ium p h o s p a t e )  and t h r e e  p o o r l y  c o m p r e s s i b l e  m a t e r i a l s  

( p a r a c e t a m o l ,  magnesium s t e a r a t e  and magnesium c a r b o n a t e )  have 

been used a s  r e c e i v e d  from t h e  s u p p l i e r s  a f t e r  be ing  s t o r e d  a t  

40-60  O C  f o r  12-18 hours .  

The Mayes Un ive r sa l  Hydrau l i c  T e s t i n g  P r e s s  employed f o r  

compaction s t u d i e s  and a 2 . 5 4  cm d i a m e t e r  punch-d ie  s e t  used i n  

c o n j u n c t i o n  wi th  t h e  p r e s s  have been f u l l y  d e s c r i b e d  e l s e w h e r e  

( S , 4 )  * 

Compression f o r c e s  and punch movements were moni tored  b y  a 

l oad  c e l l  b u i l t  i n t o  t h e  p r e s s  and an e x t e r n a l  s h o r t  r ange  

d i sp lacemen t  t r a n s d u c e r  (Sangamo WC,  A C  t y p e )  r e s p e c t i v e l y .  

Analog s i g n a l  v o l t a g e s  f r om t h e  d i sp lacemen t  t r a n s d u c e r  ( a m p l i f i e d  

b y  a Sangamo Type C56 t r a n s d u c e r  m e t e r )  and load  c e l l  were 

s i m u l t a n e o u s l y  passed  t o  a dua l  ana log  t o  d i g i t a l  l ogg ing  

c o n v e r t o r  ( A D C )  connected  t o  t h e  user p o r t  o f  a CBM Model 4 0 3 2  

microcomputer ( 3 , 4 ) .  

The Compaction and Data Logging P r o c e s s  

Enough m a t e r i a l  ( 6 . 5 - 1 0 . 5 9 )  t o  g i v e  a f i n a l  p rede te rmined  

compact t h i c k n e s s  i 1 2 m m )  was poured i n t o  t h e  d i e  s e t  and t h e  upper 

p u n c h  was i n s e r t e d .  A l l  compacts were p r e p a r e d  from u n l u b r i c a t e d  

m a t e r i a l s  t h roughou t  t h e  s t u d y ,  b u t  i n  t h e  c a s e  of Emdex, 

Emconpress and magnesium c a r b o n a t e  t h e  d i e  was f i r s t  l u b r i c a t e d  b y  

compress ing  a m i x t u r e  o f  t h e  m a t e r i a l  w i t h  50% (w/w) magnesium 

s t e a r a t e  t o  p r e v e n t  t h e  m a t e r i a l  s t i c k i n g  t o  t h e  d i e  wa l l .  

T h e  d i e  se t  and i t s  h o l d e r  were p l a c e d  between t h e  p l a t e n s  ol 

t h e  Mayes machine.  I t  was n e c e s s a r y  t o  s e t  a smal! p r e l o a d  ( a b o u t  

I k N )  p r i o r  t o  a p p l y i n g  t h e  compress ion  f o r c e  a t  a s e t  l o a d i n g  

r a t e .  The f i n a l  a x i a l  f o r c e  was s e t  a t  4 5 k N ,  30kN o r  1 5 k N  a t  a 

l o a d i n g  r a t e  of  83kN/s on t h e  c o n t r o l  pane l  of t h e  Hayes p r e s s .  

A n  e x t e r n a l  t r a n s d u c e r  a t t a c h e d  t o  a magnet ic  s t a n d  on t h e  

c ros shead  o f  t h e  Mayes was s e t  t o  r e g i s t e r  t h e  punch movements 

when the  compacts had been comple t e ly  formed and were under 

c o n s t a n t  s t r e s s .  
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302 C E L I K  AND TRAVERS 

The f i r s t  and s e c o n d  c h a n n e l s  o f  t h e  d u a l  A D C  were  s e l e c t e d  

t o  m o n i t o r  c o m p r e s s i o n  f o r c e  and p u n c h  d i s p l a c e m e n t  r e s p e c t i v e l y ,  

The m a c h i n e  c o d e  o p e r a t i n g  p r o g r a m  ( w h i c h  was c a p a b l e  o f  l o g g i n g  

up t o  4048  i tems: 's  w i t h  t h r e e  p r o g r a m m a b l e  v a r i a b l e  s p e e d s  wi th : :  

t h e  same r u n !  was l o a d e d  i n t o  R A M  (Random Access  Memory!  o f  t h e  

c o m p u t e r .  

When a l l  was r e a d y ,  p r e s s i n g  t h e  s p a c e  b a r  o f  t h e  c o m p u t e r  

s i m u ! t a n e o u s l y  w i t h  t h e  o p e r a t i n g  b u t t o n  on t h e  Hayes  Ccng.o le  s e t  

t h e  c o m p a c t i o n  and  l o g g i n g  p r o c e s s  ir! m o t i o n .  

When t h e  maximum c o m p r e s s i o n  f o r c e  was a t t a i n e d ,  t h e  f o r m e d  

compac t  was m a i n t a i n e d  a t  c o n s t a n t  s t r e s s  f o r  a p r e d e t e r m i n e d  

p e r i o d  o f  up t o  605 ( u s u a l l y  l< ) s )  b y  means o f  a s e r v o m ~ c h a n i s m  

b u i l t  i n t o  t h e  m a c h i n e  w h i c h  compensat ,ed f o r  any v i s c o e l a r t i c  

movement o f  t h e  c o m p a c t .  C o n s t a n t  s t r e s s  was m a i n t a i n e d  d u r i n g  

t h i s  p e r i o d  b y  a s l o w  movement o f  t h e  r a m  and punch  w h i c h  was 

son  i t o r  e d b .y t h e  d i s p 1 a c em e n t t r a n 5 d i(c e r  . 
A f t e r  a s e t  h o l d i n g  p e r i o d  a t  c o n s t a n t  s t r e s s ,  t h e  l o a d  was 

r e l e a s e d  and t h e  compac t  was e j e c t e d  a f t e r  a f u r t h e r  4 5 s .  D u r i n g  

t h i s  p e r i o d  t h e  r a p i d  e l a s t i c  and much s l o w e r  v i s c o e l a s t i c  

e : : p a n s i o n s  o f  t h e  co inpact  w e r e  a l s o  m o n i t o r e d  b y  t h e  t r a n s d u c e r .  

The d a t a  w e r e  t r a n s f e r r e d  t o  a f l o p p y  d i s k  u n d e r  d e s c r i p t i v e  

f i l e  names a f t e r  b e i n g  c a p t u r e d  and s t o r e d  i n  t h e  R A M .  

S e v e r a l  p r o g r a m s  were w r i t t e n  t o  r e c a l l  t h e s e  f i l e s ,  r e a d  t h e  

d a t a  i n t o  memory and p r i n t  them i n  g r a p h i c a l  f o r m  u s i n g  a 

Commodore T r a c t o r  P r i n t e r  ( T y p e  3 0 2 2 ) .  F u r t h e r  d e t a i l s  h a v e  Seen 

g i v e n  e l s e w h e r e  ! 3 , 4 , 1 5 ) .  

T h r o u g h o u t  t h e  s t u d y  f o u r  r e p !  i c a t e  c o f i p a c t s  were  p r e p a r e d  

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

h o l d i n g  t.ime and  f i n a l  compac t  t h i c k n e s s .  

RESULTS A N D  D I S C U S S I O N  

I n  o r d e r  t o  d e t e r m i n e  t h e  p o i n t  o f  maximum c o m p r e s s i o n  f o r c e ,  

t h e  c o n c u r r e n t  v a l u e s  o f  c o m p r e s s i o n  f o r c e  and p u n c h  movement were  

s i m u l t a n e o u s l y  r e c o r d e d .  I t  had been  p r e v i o u s l y  shown ( 4 )  t h a t  
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USE OF AN ELASTIC RECOVERY INDEX 303 

t h e  H a y e s  m a c h i n e  t o o k  l o n g e r  t o  a . t t a i n  a s e t  c c m p r e z s i o n  f o r c e  

when b a s e s  s u c h  a s  F l v i c e l  a n d  S t a - R x  wet-e i n  t h e  d i e  t h e n  ws5 t h e  

c a s e  when l e s s  c o m p r e s s i b l e  m a t e r i a l s  s u c h  a s  P a r a c e t a m o i  DC a n d  

Emcompress w e r e  p r e s e n t .  

The movements  u n d e r g o n e  b y  a f o r m e d  c o m p a c t  u n d e r  c o n s t a n t  

s t r e s s  a n d  o n  l o a d  r e l e a s e  a r e  shown s c h e m a t i c a l l y  i n  F i g . 1  w h i c h  

a l s o  i n d i c a t e s  t h e  c h a n g e s  i n  l o g g i n g  r a t e s .  

S t r a i n  Movements  a t  C o n s t a n t  S t r e s s  

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

r e a c h e d  a maximum a n d  c o n s t a n t  b y t e  v a l u e  a n d  t h i s  p o i n t  was t a k e n  

as t h e  s t a r t i n g  p o i n t  o f  t h e  c o n s t a n t  s t r e s s  p e r i o d  ! P o i n t  A i n  

F i g . 1 ) .  S t r a i n  movements  *vs t i m e  p r o f i l e s  o f  t h e  c o m p a c t s  w e r e  

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

d i E I:: . 
The s t r a i n  movements  o f  t h e  c o m p a c t s  e x a m i n e d  a r f  shown i n  

F i g . ? a n d  t h e  e f f e c t  o f  v a r y i n g  c o m p r e s s i o n  f o r c e  a n d  h o l d i n g  t i m e  

o n  t h e s e  movements  a r e  s u m m a r i s e d  i n  T a b l e  1 .  The p l a s t i c  a n d  

v i s c o e l a s t i c  f l o w  o f  S ta -Rx  and  A v i c e l  w h i c h  a r e  known t o  b e  t i m e  

d e p e n d e n t  p l a s t i c  b a s e s  ( 6 )  w e r e  g r e a t e r  t h a n  t h o s e  o f  n o n e  t i m e  

d e p e n d e n t  b a s e s  s u c h  a s  Emdex, P a r a c e t a m o l  DC a n d  Emcompress  and  

p o o r l y  c o m p r e s s i b l e  m a t e r i a l s  ( p a r a c e t a m o l ,  magnes ium c a r b o n a t e  

a n d  i xagnes ium s t e a r a t e ) .  The l a s t  t h r e e  m a t e r i a l s  p r o d u c e d  e i t h e r  

v e r y  b r i t t l e  o r  l a m i n a t e d  c o m p a c t s .  

The r a n k  o r d e r  o f  t h e  d e g r e e  o f  f u r t h e r  c o n s o l i d a t i o n  o f  t h e  

c o m p a c t s  a t  c o n s t a n t  s t r e s s  ( u n d e r  o u r  e x p e r i m e n t a l  c o n d i t i o n s  a s  

s t a t e d  i n  T a b l e  1 )  i s  S ta -Rx  >. A v i c e l  .) Emdex >. P a r a c e t a m o l  D C  .; 

m a g n e s i ~ i m  s t e a r a t e  .:. magnes ium c a r b o n a t e  > p a r a c e t a m o l  

Emcompress.  T h i s  i s  f u r t h e r  e v i d e n c e  t h a t  t h e  m a g n i t u d e  o f  t h e s e  

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

t h e  m a t e r i a l s  ( 4 ) .  

E l a s t i c  H e c o v e r y  o n  L o a d  Release 

We h a d  p r e v i o u s l y  shown t h a t  t h e  Mayes m a c h i n e  was n o t  a b l e  

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

d u r a t i o n  o f  d e c o m p r e s s i o n  was a b o u t  10c)ms and  t h e  r a t e  o f  l o a d  

r e l e a s e  was i n d e p e n d e n t  o f  t h e  b a s e s  p r e s e n t  i n  t h e  d i e  ( 3 , 4 ) .  
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304 CELIK AND TRAVERS 

F I G U R E  1 
S t r a i n  Movements a t  C o n s t a n t  S t r e s s ( A - E O ,  E l a s t i c  H e c o v e r y ( C - D !  
and  V i s c o e l a s t i c  K e c o v e r y ( P o i n t  17 o n w a r d s )  on L o a d  R e l e a s e  
( S c h e m a t i c ) .  B,E and F a r e  t h e  p o i n t s  where  t h e  l o g g i n g  r a t e  
a n d / o r  t i m e  s c a l e  h a v e  been a l t e r e d .  L o g g i n g  Speeds ( i t e m s / s ) :  
9?(4-B) ; 9 9 0 ( E - E )  ; 49(E o n w a r d s ) .  ( V i d e  r e f e r e n c e  4 ) .  

2 4 6 8 t i m e ( s )  

F I G U R E  2 
S t r a i n  Movements a t  C o n s t a n t  S t r e s s .  C F = 3 0 k N  : LA=83kN j t iT=l<Js 
0 ,Sta-Rx 1500 e , A v i c e l  P H I 0 1   emco compress 

,Parace tam01  DC 0 , p a r a c e t a m o I  8 I Emdes 
* ,magnesium s t e a r a t e  o , m a g n e s i u m  c a r b o n a t e  
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USE OF AN ELASTIC RECOVERY I N D E X  305 

When t h e  c o m p r ~ s r i o n  l o a d  was r e l e a s e d  a f t e r  a p r e d e t e r m i n e d  

h o l d i n g  t i E e ,  a l l  t h e  c o i n p a c t s  e x a m i n e d  e x h i b i t e d  a r a p i d  e l a s t i c  

e x p a n s i o n  f o l l o r t e d  b y  a much s l o w e r  v i s c o e l a s t i c  r e c o v e r y .  

F i g u r e s  3-7 show t h e  ' e x p a n d e d ;  e l a s t i c  r e c o v e r y  p l o t s  o f  t h e  

p u n c h  a l o n e  on  l o a d  r e l e a s e  c o n t r a s t e d  w i t h  t h e  p l o t ;  o b t a i n e c i  

when c o m p a c t s  a r e  f o r m e d  i n  t h e  d i e .  As c a n  b e  s e e n  f r o m  t h e s e  

f i g u r e s ,  f o r  a p e r i o d  o f  !5ms on l o a d  r e l e a s e ,  a l l  t h e  e x p a n s i o n s  

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

and  n o t  t o  a n y  p r o p e r t y  of  t h e  c o m p a c t s  t h e m s e l v e s .  A f t e r  t h i s  

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

c o f i p a c t s  e x h i b i t e d  t h e i r  e x p a n s i s n s  w h i c h  c o u l d  b e  c a l c ~ ! ! a t e d  Oj, 

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

w i t h i r !  10CJms. T h e s e  c o r r e c t e d  v a l u e z  a r e  ;ummar ised i n  T a b l e  2 .  

T ~ E  c o f i p a c t s .  c f  z5q t i f i e  d i ; F E n ? E E t  b a s e s  i c . z r l )  

c o m ? r e s s i b l e  m a r e r i a l s  ~ a ; i 3 l y  c o , x p l e t e d  t h e i r -  F l i . i t i C  3 r . d  

v i s c o e ! a z t i c  mzvernent r i  w i t h i n  5-.4s a n d  fi ? r c ! o n g e d  kc!!<:;is t x e  

d i d  n o t  p r o d u c e  a:;? i n c r e a s ?  z r  i e c r e a i e  i n  z t r a i n  r!o'~/em-or!?s. I n  

c o n t r a s t  t h e  cS iEFac ts  prei;.;rcd f i - o z  S t a - R x  G . Z C  

+ c , r t h e r  5 l = w z r  d e + c r ~ f i t ! o , ~  a v e r  a J 3 n g  p e r : f i d  ~ i r i a ' ~ :  :zi.,?. R z e z  

a n d  E I 2 E ( b )  h a v e  r e p o r t e d  t k a t  Sta-R:; : s  ; , ? a b l e  of e : ; tens : i e  plistic 

d e f c r m a t i s n  I +  s u i i l c i e n t  t i f i e  1 s  a i l o i . ; e5  f o r  t h l i  ti7 cc:!-,r-. 
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0 

8 

0 

m 

FIGURE 3-a 
E l a s t i c  R e c o v e r y  o f  T h e  C o m p a c t s  on L o a d  R e l e a s e .  CF=SOI:N ; 
H T = 1 0 s  ; LR=83kN/s. + , B l a n k  R u n  (No powder i n  t h e  d i e )  
0 , S t a - R x  1 5 0 0  0 , A v i c e l  P H l O l  , P a r a c e t a m 0 1  DC 0 , p a r a c e t a m o l  

0 
20 60 

8 0 

2 m 

0 
9 
0 
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* o  
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0 
e 9 
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0 
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0 
0 00 

e e  

0 
0 

9 - 
= *  

FIGURE 3-b  
E l a s t i c  R e c o v e r y  of T h e  C o m p a c t s  on Load  R e l e a s e .  CF=30kN ; 
H T = 1 0 s  ; LR=83kN/s e , B l a n k  Run 0, Emcompress 

8 ,Emdex * , m a g n e s i u m  s t e a r a t e  0 , m a g n e s i u m  c a r b o n a t e  
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h 

E 
a 
v 

L 

5 00 

F I G U R E  4 
E l a s t i c  R e c o v e r y  o f  The Compacts  on Load R e l e a s e .  CF=iZkN : 
t !T= l< l5  ; L H = U k N / s .  0 , B l a n l :  R u n  0 , S t a - R s  1500  

. ,Avicel  P H l O l  . ,Paracetarno1 DC 8 ,Ei;;de:.: O,Emcompress  

h 

E 
3. 
v 

u 
'3 
3 

F I G U R E  5 
E l a s t i c  R e c o v e r y  o f  The C o m p a c t s  on L o a d  R e l e a s e .  CF=45rii'd ; 
HT=lOs : LR=831:W/s. e , ~ l a n k  Run O,Sta- f i : ;  15QO 
. ,Avicel PHIO!  m , P a r a c e t a m o l  DC 8 ,Emdex lZl,Emcompr-e~c 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



308 CELIK AND TRAVERS 

t 

0 

h 

E o  
1 m  
v 

w 
W 

F I G U R E  7 
E l a E t i c  F e c o v e r y  o f  T h e  Compacts  on L o a d  Re1ea.e. C F = 3 O k N  : 
H T = 3 0 5  : L R = B j k N / s .  * , B I a n l  Run 0,  S t  a -R;: 1 5ir 0 
@ , A v i c e l  P H 1 0 1  , P a r a c e t a r n o 1  DC 0 ,Emde!: a , E m c o m p r e s s  
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TABLE 2 
E f f e c t s  o f  { Y a r y i n g  C o m p r e s s i o n  F o r c e  and  H o l d i n g  T ime  on E l a s t i c  R e c o v e r y  
o f  The Compacts on Load  R e l e a s e .  E R = C o r r e c t e d  E l a s t i c  R e c o v e r )  (pin! 

COMPRESS! ON FORCE I kN)  HOLDING TIME i s )  
15 30 45 0 5 10 15 30 45 60  

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

a p p r e c i a b l e  e f f e c t  on t h e  d e f o r m a t i o n  o f  t h e  c o m p a c t s  p r e p 3 r e d  

f rom Emdex, Emcompress,  P a r a c e t a m o l  DC. However  I f  t h e  

c o m p r e s s i o n  f o r c e  on  Sta-R:: and  A v i c e l  was i n c r e a s e d  t h e n  the;:- 

cr ;mpacts  e x h i b i t e d  c o n s i d e r a b ! y  l e s s  p l a s t i c  and v i s c o e l a s t i c  f l o w  

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

f o r c e  was e m p l o y e d .  The d e c r e a s e  i n  s t r a i n  m o v e a e n t s  a t t r i b v t e d  

t o  t h e  e f f e c t  o f  a h i g h e r  c o m p r e s s i o n  f o r c e  was g r e a t e r  f o r  A v i c e l  

c o m p a c t s  t h a n  f o r  S t a - R x .  S i x s m i t h ( l 6 !  h a s  r e p o r t e d  t h a t  Av :ce l  

t a b l e t s  b e c a n e  more  p l a s t i c  a t  h i g h  compac t :on  p r e s s u r e s  and 31.17 

o b s e r v a t i o n s  a r e  i n  a g r e e s e n t  w i t h  t h i s  v i e w .  

The l a r g e  i n c r e a s e  i n  s t r a i n  movement when Emde:c c o m p a c t s  a r f  

s t r o n g l y  c f impressed  ( 4 5 k N !  is r a t h e r  u n e x p e c t e d .  I t  15 p o s s : b l e  

t h a t  t h e  m a t e r i a l  f ! ows  p l a s t i c a l l y  i n t o  t h e  v o i d s  a t  h i y h  

p r  e s 5 u r e 5  I 

As shown i n  F i g u r e s  3 a ,  3 b ,  4 and  5,  when t h e  c o m p r e s s i o n  

f o r c e  was i n c r e a s e d ,  t h e  t i m e  d e p e n d e n t  p l a s t i c  b a s e s  A v i c e l  and 

Sta-Rx e x h i b i t e d  l e s s  e l a s t i c  e x p a n s i o n  w h i l e  Emdex, P a r a c e t a m o l  
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310 CELIK AND TRAVERS 

DC and Emcompress showed a s l i g h t l y  i n c r e a s e d  r e c o v e r y .  A 

p o s s i b l e  e x p l a n a t i o v  i s  a s  f o l l o w s .  As t h e  compress ion  f o r c e  

i n c r e a s e d ,  Avicel a n d  Sta-Hx compacts become m o r e  p l a s t i c  and 

produce s t r o n g e r  i n t e r p a r t i c u l a t e  bonding which may r e s u l t  i n  

f a i l u r e  under r e c o v e r y  s t r e s s e s .  However, a s  mentioned e a r l i e r ,  

t h e  deg ree  of p l a s t i c  a n d  v i s c o e l a s t i c  f low of t h e  compacts 

p repa red  from Emcompress a n d  Parace tamol  D C  i s  n o t  i n f l u e n c e d  b y  a 

h ighe r  compress ion  f o r c e .  The r e l a t i v e l y  g r e a t e r  e l a s t i c  

expans ions  of t h e s e  compacts  a t  h igh  compress ion  f o r c e s  may be 

a t t r i b u t e d  t o  a lower deg ree  o f  p l a s t i c  f low and weaker 

i n t e r p a r t i c u l a t e  bonding. 

The e f f e c t  of pro longed  ho ld ing  t i m e  o n  t h e  e l a s t i c  r e c o v e r y  

o f  t h e  compacts can be deduced from t h e  f i g u r e s  3 a ,  3 b ,  6 and 7 

a n d  Table  2 .  I f  t h e  h o l d i n g  t ime was s e t  a s  low a 5  p o s s i b l e  ( i l s )  

then  t h e  e l a s t i c  expans ions  of t h e  compacts was a lways  g r e a t e r  

than  was t h e  c a s e  i f  t h i s  p e r i o d  was pro longed  u p  t o  60s. The 

d e c r e a s e  i n  e l a s t i c  expans ion  wi th  i n c r e a s e d  h o l d i n g  t ime  may be 

a t t r i b u t e d  t o  f u r t h e r  c o n s o l i d a t i o n  of t h e  compacts under c o n s t a n t  

s t r e s s  which a l l o w s  some c o n v e r s i o n  o f  e l a s t i c  energy  i n t o  p l a s t i c  

a n d  v i s c o e l a s t i c  movement and which u s u a l l y  w i l l  r e s u l t  i n  b e t t e r  

t a b l e t s .  

M i l o s o v i c h ( l 7 )  p o i n t e d  o u t  t h a t  capping  was due t o  t h e  

expans ion  of e l a s t i c a l l y  deformed p a r t i c l e s  and subsequen t  r u p t u r e  

o f  i n t e r p a r t i c u l a t e  b o n d s .  More r e c e n t l y  Rue and o t h e r s ( l 4 )  

showed t h a t  capping  and l a m i n a t i o n  can o n l y  occur  d u r i n g  t h e  

decompression w i t h i n  t h e  d i e .  R i t t e r  a n d  Sucker have a l s o  formed 

t h e  op in ion  t h a t  r a t e  of decompress ion  i s  an i m p o r t a n t  f a c t o r  

( 1 8 ) .  Our r e s ~ i l t s  have shown t h a t  e l a s t i c  r ecove ry  o f  t h e  

compacts occured  i n  about  lO0ms which was a l s o  the d u r a t i o n  of 

decompress ion .  A f t e r  t h i s  p e r i o d ,  t h e  compacts c o n t i n u e d  t o  

expand v i s c o e l a s t i c a l y  b u t  t h e s e  slow movements a r e  l e s s  l i k e l y  t o  

cause  l a m i n a t i o n  t h a n  t h o s e  due t o  e l a s t i c  r ecove ry  ( T a b l e  3 ) .  

E l a s t i c  Recovery I n d i c e s  of The Compacts 

Numerous t e c h n i q u e s  have been employed t o  q u a n t i f y  t h e  

expans ion  o f  .formed compacts and some of t h e s e  were r e c e n t l y  
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USE OF AN ELASTIC RECOVERY INDEX 311 

COMPRESSION FORCE I k N )  HOLDING T I M E  Is) 
15 3 0  45  0 5 10 15  30 4 5  6 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V i s c o e l a s t i c  R e c o v e r y  ( pm ) 

S ta -Rx  1500  ( 8 9 )  60h 511 462 
C l v i c e l  P H - 1 0 1  (89) 4 5 3  3 2 4  2 9 0  

Emcompress ( 1 0 . 5 g )  46 4 3  5 8  
P a r a c e t a m o l  D C ( 6 . 5 9 )  121  113 121  

Emdec ( 8 9 )  101 101 121  

P a r a c e t a m o l  ( 6 . 5 9 )  7 4  
Mg.  s t e a r a t e  (89) 1 5 2  
Mg. c a r b o n a t e  (79) 1 0 1 

e v a l u a t e d  b y  C r y c e r  and  o t h e r s ( 1 9 ) .  The most  w i d e l y  u s e d  

c r i t e r i o n  is t h e  p e r c e n t a g e  e l a s t i c  r e c o v e r y  ( E l  a s  d e f i n e d  b y  

e q u a t i o n  ( 1 )  p r e v i o u s l y  q u o t e d .  The e x p a n s i o n  o f  c o m p a c t s  h a s  

been  measured  b y  d i f f e r e n t  a u t h o r s  a t  v a r y i n g  t i m e s  a f t e r  e j e c t i o n  

and s o  may i n c l u d e  s l o w e r  v i s c o e l a s t i c  r e c o v e r y  a s  w e l l  a s  t h e  

r a p i d  e x p a n s i o n .  T h e r e f o r e  t h e  e q u a t i o n  ( l i  c a n  n o t  b e  a d i r e c t  

measurement  o f  t h e  e l a s t i c  e x p a n s i o n  o f  t h e  t a b l e t s  w h i c h  c a n  o n l y  

o c c u r  w i t h i n  t h e  d i e  and d u r i n g  d e c o m p r e s s i o n .  

I n  t h i s  s t u d y  we p r o p o s e  an a l t e r n a t i v e  t e c h n i q u e  w h i c h  maj' 

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

and  t o  m e a s u r e  t h e  d i s r u p t i v e  e f f e c t s  o f  e l a s t i c  e x p a n s i o n .  T h i s  

p a r a m e t e r  is t h e  E l a s t i c  R e c o v e r y  I n d e x  ( E R I !  d e f i n e d  b y  

E R I =  E R / S M  ( 2 )  

w h e r e  ER i s  e l a s t i c  r e c o v e r y  o f  t h e  c o m p a c t  on l o a d  r e l e a s e  

( c o r r e c t e d  f o r  p u n c h  r e c o v e r y )  a n d  SM i s  t h e  s t r a i n  movement u n d e r  

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

T a b l e  4. 
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T A B L E  4 
E l a s t i c  R e c o v e r y  I n d i c e s  ( E R I )  c f  The Compacts  Examif i ed .  

- 

LR=BZkN/s ; H T =  10s  CF= . I i )kN ; LFi=83kN;s 

COMPRESSION F O R C E  i k N )  H O L D I N G  T I R E  ! s j  
4 5  L(-] 15 30 45 5 1 0 1 5 

T h e  r a n k  o r d e r  f o r  t h e  E R I  of t h e  c o m p a c t s  examined  ! Z F = S C k N  

; HT=lOs ; LR=83kNis)  is Sta-Rx 150!:1 ( 0 . 3 6 ? )  < A v i c e l  fH-li:ll 

( 0 . 5 2 0 )  < Emde:: ( 0 . 7 2 0 )  <c P a r a c e t a i n o l  D C  ( 1 . 3 4 5 )  < Emcompress 

( 1 . 4 1 0 )  q y  magnesium c a r b o n a t e  ( 1 . 8 4 7 )  i =  magnesium s t e a r a t e  

(1 .850 ;  :i p a r a c e t a m o l  ( 2 . 2 6 0 ) .  

We c a n  t h e r e f o r e  s u g g e s t  t h a t  i f  a m a t e r i a l  h a s  a low E R I  

v a l u e  t h e n  i t  may p r o d u c e  a good t a b l e t .  Sta-Fix a n d  Clvice! which 

a r e  i:nown t o  be c o m p r e s s i b l e  b a s e s  e x h i b i t e d  t h e  l o w e s t  ERI 

v a l u e s .  Magnesiicm c a r b o n a t e ,  magnesium s t e a r a t e  and p a r a c e t a m u l ,  

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

t a b l e t s .  We would p r e d i c t  t h i s  frcm t h e i r  h i g h  E R I  v a l u e s  which 

were  g r e a t e r  t h a n  1 .500  s u g g e s t i n g  t h a t  i f  a m a t e r i a l  h a s  an  E E I  

v a l u e  m o r e  t h a n  t h i s  t h e n  t h a t  w i l l  r e s u l t  i n  a weak,  p o s s i D l y  

c a p p e d  t a b l e t  u n d e r  oi!r e x p e r i m e n t a l  c o n d i t i o n s  a s  s t a t e d  a b o v e .  

An  i n t e r e s t i n g  f e a t u r e  of t h e  E R I  va lues  was t h e i r  d e p e n d e n c y  

on h o l d i n g  t i m e .  The E R I  v a l u e  o f  t h e  c o m p a c t s  was a l w a y s  ;mailer 

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

a s  icw a s  p o s s i b l e  ( ( ! s j ,  A h i g h  ' d w e l l  t i w e '  i n  m a n u f a c t u r i n g  

p r a c t i c e  i s  well known t o  f a v c u r  t h e  s u c c e s s f u l  t a b l e t t i n g  of 

d i  f f i c u l  t mat e r  i a 1  s.  
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One of  the  f a c t o r s  caus ing  some t a b l e t t i n g  problems such a 5  

capping  i 5  t h e  use  of t o o  h i g h  a compress ion  f o r c e  ( 1 8 ) .  We would  

p r e d i c t  t h i s  from our ERI r e s u l t s  which were h ighe r  f o r  a g iven  

m a t e r i a l  compressed a t  45KN than  t h o s e  o b t a i n e d  a t  lower f i n a l  

compress ion  f o r c e s .  

CONCLUSION 

The c o n c l u s i o n s  t h a t  may be drawn from the  work d e s c r i b e d  a r e  

a5  f o l l o w s .  

a )  An E l a s t i c  Recovery Index (ERI) d e f i n e d  b y  

E R I  = EK/SM 

where E R  i s  e l a s t i c  r e c o v e r y  of t h e  compact on load  r e l e a s e  

( c o r r e c t e d  f o r  punch r e c o v e r y )  and SM i s  t h e  s t r a i n  movement under 

a c o n s t a n t  l o a d ,  can be employed t o  p r e d i c t  t h e  compress iona l  

behaviour  of a m a t e r i a l .  

b )  If a m a t e r i a l  has  a low ERI v a l u e  then  i t  forms  

s a t  i sf a c t o r y  t a b 1  e t s .  

c )  If the  E R I  v a l u e  o f  a m a t e r i a l  i s  h i g h e r  t h a n  1 . 5  (under  

t h e  e x p e r i m e n t a l  c o n d i t i o n s  c i t e d )  t hen  i t  forms  a poor a n d  

b r i t t l e  compact prone  t o  l a m i n a t i o n .  

d )  The ERI v a l u e  of a m a t e r i a l  i s  d e c r e a s e d  b y  a p ro longed  

ho ld ing  t ime  a n d  i n c r e a s e d  b y  a h igh  f i n a l  compress ion  f o r c e .  
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