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ABSTRACT 

A 2.54cn d i a m e t e r  punch and d i e  s e t  h a s  been used i n  

c o n j u n c t i o n  w i t h  a Mayes H y d r a u l i c  l l ach ine  t o  e x m i n e  s t r a i n  

movements w i t h i n  t h e  d i e  o f  c o c p a c t s  n 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 .  

These were p r e p a r e d  from t h e  b a s e s  A v i c e l  PH 101 ( A V ) ,  Sta-Rx 

1500 ( S T ) ,  P a r a c e t a m l  DC ( P C ) ,  Emdex (ED) and Encor?press (EC). 

Compression f o r c e  and punch n o v e r e n t s  were s i c u l t a n e o u s l y  

monitored u s i n g  a CBH n i c r o c o u p u t e r  w i t h  d i s k  s t o r a g e  o f  d a t a .  

A l l  compacts shoL-ed t ine dependent  c o n s o l i d a t i o n  under c0nstar . t  

s t ress  when h e l d  a t  ' h o l d i n g  t i n e '  0 2  up t o  60s. PC, AV and ST 
"Lo..7enrr'is b u t  -I--* - c  7.7-9 --I L : i c i  ui -., ..&..-I cc :.;ere I G Z 2 .  ex!. ?!. i t e i  ci."- ...p alaL1 L 

..I" 

Elas t ic  r e c o v e r y  on sudden re lease o f  l oad  w a s  fol lowed 

us ing  machine code l o g g i n g  o v e r  a p e r i o d  o f  90ms. Large 

r e c o v e r i e s  were r e c o r d e d  f o r  AV,  PC and ST. I f  l o a d  r e l e a s e  was 

i m e d i a t e  ( z e r o  h o l d i n g  t i m e )  t hen  t h e  r ecove ry  was g r e a t e r  when 

co rpa red  w i t h  r ecove ry  a f t e r  h o l d i n g  tir,es of  30 and 6 0 s ,  

sugge , s t ing  t h a t  some e l a s t i c  ene rgy  was d i s s i p a t e d  d u r i n g  t h e  

h o l d i n g  t i m e .  E l a s t i c  r e c o v e r y  o f  E D  2nd E C  was about  h a l f  t h a t  

o f  rile o t h e r  b a s e s .  Although t h e s e  b a s e s  a l s o  showed reduced 

r ecove ry  w i t h  h o l d i n g  t i n e ,  p e r c e n t a g e  r e d u c t i o n  was s n a l l e r  

than f o r  t h e  o t h e r  b a s e s .  
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140 TRAVERS, CELIK, AND BUTTERY 

Fol lowing e l a s t i c  r e c o v e r y ,  a r u c h  slower v i s c o e l a s t i c  

movement couZl be  d e n o n s t r a t e d .  I t  was d i f f i c u l t  t o  c l e a r l y  

demarcate  t h e  d i v i s i o n  between v i s c o e l a s t i c  and e l a s t i c  rover.ent 

b u t  i t  appeared t h a t  t h e  moverent on v i s c o e l a s t i c  c o n s o l i d a t i o n  

was conpa rab le  t o  t h a t  cn r ecove ry  when t h e  load was r tnoved.  

There are many r e f e r e n c e s  t o  tine dependent e f f e c t s  d u r i n g  

t a b l e t  compression t o  be  found i n  t h e  l i t e r a t u r e .  One of t h e  

e a r l i e s t  was due t o  Rees and Sho t ton  (1) who found t h a t  t h e  

c r u s h i n g  s t r e n g t h  of sodium c h l o r i d e  t a b l e t s  could double a f t e r  

t h e  l a p s e  of one hour  from e j e c t i o n .  T h i s  has  r e c e n t l y  been 

shown by Rue and Barkworth ( 2 )  t o  be due t o  t h e  e x i s t e n c e  of 

a work hardened o u t e r  s h e l l  which i n h i b i t s  r e l a x a t i o n  by 

v i s c o e l a s t i c  flow. 

S e v e r a l  a u t h o r s  (3,4,5) have i n v e s t i g a t e d  t h e  s t r e s s  decay 

t h a t  o c c u r s  when a t a b l e t  is h e l d  a t  a nominal ly  c o n s t a n t  f o r c e .  

Thus Wells and Langridge (5) moni'tored t h e  f a l l  from a peak 

p r e s s u r e  o f  332.W/m20n a t a b l e t  p r e p a r e d  i n  a s i n g l e  punch 

oach ine  t u r n e d  by hand. S i m i l a r  t e c h n i q u e s  have been desc r ibed  

by Rees and Rue ( 3 ) ,  h ' i e s t and  and o t h e r s  ( 4 )  and S h l a n t a  and 

Milosovich (6) .  However a s  Rees and Rue  have po in ted  o u t ,  

t h e s e  pe thods  measure s t ress  r e l a x a t i o n  mder c o n s t a n t  s t r a i n  

c o n d i t i o n s .  T h e i r  r e s u l t s  and c o n c l u s i o n s  d i f f e r e d  from those  

of David and Augsburger ( 7 )  who compressed t h e  sane d i r e c t  

compression b a s e s  on a r o t a r y  t a b l e t  machine. I n  a r o t a r y  

oach ine  conpres s ion  t a k e s  p l a c e  under  v i r t u a l l y  c o n s t a n t  s t r e s s  

c o n d i t i o n s  because of  t h e  b u f f e r  e f f e c t  of  t he  powerful s p r i n g s  

f i t t e d  t o  t h e  compression whee l s .  

Th i s  p a p e r  d e s c r i b e s  sone  t e c h n i q u e s  and o b s e r v a t i o n s  on 

t h e  compression o f  some d i r e c t  compression bases  u s i n g  a l-tayes 

Hydrau l i c  T e s t i n g  Machine (KH Mayes (Windsor) Ltd)  which i s  

capab le  o f  m a i n t a i n i n g  c o n s t a n t  s t r e s s  c o n d i t i o n s  on a c o r p a c t  

formed i n  a punch and d i e  s e t  mounted between t h e  p l a t e n s .  

!<ATERIALS 

The d i r e c t  compression b a s e s  used throughout  t h e  s tudy  u e r e  

Av ice l  PA 101 ( 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 co rn  s t a r c h ) ,  Cncoripress (an e x c i p i e n t  based on 
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STRAIN MOVEMENTS I N  COMPACTS 141 

d i c a l c i u n  p h o s p h a t e ) ,  P a r a c e t a n o l  DC ( d i r e c t  compression form of 

pa race tamol )  and Emdex (a m a l t o s e / d e x t r o s e  m i x t u r e ) .  A l l  n a t e r i a l s  

v e r e  used as r e c e i v e d  from t h e  s u p p l i e r s  and were cocpres sed  

w i t h o u t  i n t e r n a l  1 u b r i c . a n t s  a f t e r  b e i n g  s t o r e d  a t  40-6OOC f o r  

twelve h o u r s .  

E.WERIMENTAL METHODS 

The Mayes machine,  though n o t  a purpose b u i l t  'Compaction 

S i m u l a t o r '  as d e s c r i b e d  by Hunter  and o t h e r s  (8) h a s  nany 

f e a t u r e s  which make i t  s u i t a b l e  f o r  compaction s t u d i e s .  These 

can  be s u n o a r i s e d  as f o l l o w s :  

1) I t  i s  f a i r l y  r d p i d  i n  a c t i o n .  A t  t h e  f a s t e s t  l oad  r a t e  

of 5000 kN/min a l o a d  o f  30kN cou ld  t h e u r e t i c a l l y  be a t t a i n e d  i n  

between 0.33 s t o  0.37 s though compression times are l o n g e r  when 

n a t e r i a l s  a re  p r e s e n t  i n  t h e  d i e .  

2) A snal l  p r e l o a d  c a n  b e  set  p r i o r  t o  c o q a c t i o n .  T h i s  

p r o v i d e s  an unambiguous r e f e r e n c e  p o i n t  as t h e  i n i t i a l  c o n d i t i o n  

f o r  e a c h  compact ion.  

3) The l o a d i n g  r a t e  c a n  be v a r i e d  and t h e  aaximun compression 

f o r c e  p r e s e t  by t h e  o p e r a t o r .  

4 )  The f o r c e  c e l l  l o c a t e d  i n  t h e  crosshead i s  war ran ted  t o  A 1  

s t a n d a r d  (BS 1610.1967) .  T h i s  avo ids  the  need f o r  punch bonded 

s t r a i n  gaugene tworks  which can  b e  a f r e q u e n t  s o u r c e  o f  e r r o r  ( 9 ) .  

The ana logue  s i g n a l  from t h e  c e l l  h a s  a maxinum v a l u e  of 10 v 

which w a s  s u i t a b l e  f o r  a p p l y i n g  d i r e c t l y  t o  a s p e c i a l l y  des igned  

ana logue  t o  d i g i t a l  c o n v e r t e r  (ADC) s e r v i n g  a mic rocoupu te r  

l o g g i n g  sys t em used i n  t h e  p r e s e n t  work. 

5) The ram d i s p l a c e c e n t  t r a n s d u c e r  has  a r ange  o f  20 m and 

t h e  v o l t a g e  o u t p u t  was s u i t a b l e  f o r  nany of  t h e  p r o c e d u r e s  d e s c r i b e d  

i n  t h i s  p a p e r .  

6) S e r v o a e c h a n i s c s  w i t h i n  t h e  p r e s s  o p e r a t e  t o  r r a in t a in  a 

c c n s t a n t  l o a d  on t h e  punch t h u s  compensating f o r  t h e  s t ress  r e l a x a t i o n  

u h i c h  would n o r m a l l y  o c c u r  due t o  t i n e  dependent novernents i n  t h e  

formed cou,pacts. The l o a d  c a n  be n a i n t a i n e d  f o r  a p r e s e t  ' h o l d i n g  

t i m e '  and l o a d  r e l e a s e  i s  v e r y  r a p i d  a t  t he  end o f  t h i s  p e r i o d .  

7) The p r e s s  h a s  a c o n s o l e  which e n a b l e s  the  o p e r a t o r  t o  s e t  

t h e  c o n d i t i o n s  and o b s e r v e  d i g i t a l  v a l u e s  of  t he  v o l t a g e  o u t p u t s  
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142 TRAVERS, CELIK, AND BUTTERY 

I 

I 
I 
I Top punch 

Die 

Bottom punch 

Holder 

FIGURE l a  

The Punch and D i e  Assembly .  

f rom t h e  l o a d  c e l l  and  displaceL?.ent t r a n s d u c e r .  These  o u t p u t s  can  

b e  c o n n e c t e d  t o  e x t e r n a l  e q u i p c e n t  s u c h  as c h a r t  r e c o r d e r s  and  d a t a  

l o g g i n g  a p p a r a t u s .  

PUNCH MITI D I E  ASSEIfl3LY 

T h i s  i s  shown s k e t c h e d  i n  F i g .  l a .  The i n t e r n a l  d i a m e t e r  was 

2.54cm and t h e  d i e  w a l l  and  f l a t - f a c e d  punches  were chrome p l a t e d .  

A known w e i g h t  of m a t e r i a l  u s u a l l y  8g, was p o u r e d  i n t o  t h e  d i e ,  

and t h e  t o p  punch  i n s e r t e d .  I n  t h e  c a s e  o f  Emdex and Enconpres s ,  

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

of  a m i x t u r e  o f  t h e  m a t e r i a l  + 50% Yagnesium s t e a r a t e  (w/w). 

A f t e r  t h i s ,  compac t s  o f  u n l u b r i c a t e d  mater ia l  were p r e p a r e d .  
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disk printer 

FIGURE l b  

Mayes Machine and Equipment Arrangement (Schematic)  

a. 
b.  E x t e r n a l  T r a n s d u c e r  
c. Load C e l l  
d. T ransduce r  Meter 
e. Mayes Machine Console  
f .  One o r  Two channel  ADC 
a ' ,  b '  e t c  Connec t ions  t o  Console 

D i s p 1 ace  men t T r a n  s duce r 

TABLE I 

Pa rame te r s  Var i ed  f o r  t h e  D i f f e r e n t  Bases  

lax Load (k?? 
15 
30 
45 

Load Rate 
(kN/min) 5 

50 
500 

5000 

Ho 1 d i n g  
T i c e ( s )  0 

15 
30 
45 
60  

V I C E L  
H 101 

* 
* 
* 

*@ 
@ 

*@ 
*@ 

*+  * 
*+ * 
*+ 

STA-RX 
1500 

_ _ ~ -  

* 
* 
* 

*@ 
e 

*@ 

*@ 
-___ 

*+ * 
*+ 
* 
*+ 

*+ I *+ 
* i *  
*+ ' *+ 

I 

*+ * 
*+ 

L 
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144 TRAVERS, CELIK, AND BUTTERY 

T h i s  p rocedure  w a s  n e c e s s a r y  t o  p r e v e n t  t h e  n a t e r i a l  s t i c k i n g  t o  

t h e  d i e .  

w a s  i n v e s t i g a t e d .  

In t h i s  s t u d y  t h e  behav iour  o f  u n l u b r i c a t e d  m a t e r i a l  

The assembly 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  

of t h e  p r e s s  and a p r e l o a d ,  (5% of f i n a l  l o a d )  then  a p p l i e d .  

The naxinum compression f o r c e  and l o a d  r a t e  were s e t  on t h e  

conso le .  A. nw.be r  o f  c o n d i t i c n s  and p a r a m e t e r s  c o u l d  t h u s  b e  

d e f i n e d  and v a r i e d .  These a r e  s u m m r i s e d  i n  Tab le  I which a l s o  

show which f a c t o r s  were v a r i e d  f o r  each  o f  t h e  i n d i v i d u a l  d i r e c t  

compression b a s e s .  \ h e n  a l l  was r e a d y ,  t h e  p r e s s i n g  of  a s i n g l e  

c o n t r o l  b u t t o n  s e t  t h e  compaction p r o c e s s  i n  n o t i o n .  The compact 

i e n g t n  was around 1 2 . 7 0  mm f o r  n o s t  of t h e  compacts.  

GENERAL ARRANGEMENT 

The p r e s s  and a n c i l l a r y  e q u i p n e n t  i s  shown i n  diagrammatic 

form i n  Fig.  l b .  I n  a d d i t i o n  t o  t h e  t r a n s d u c e r s  b u i l t  i n t o  t h e  

p r e s s ,  a s h o r t  r ange  d i s p l a c e m e n t  t r a n s d u c e r  (SangaEo 2 w  AC t ype )  

w a s  a t t a c h e d  t o  a magne t i c  s t a n d  h e l d  on t h e  upper c r e s s h e a d .  

T h i s  w a s  s e t  t o  r e g i s t e r  when t h e  compacts had been c o n p l e t e l y  

formed and were h e l d  under  a c o n s t a n t  l o a d i n g .  I t  monitored 

t h e  f u r t h e r  s c a l l  s t r a i n  novenen t s  which occur red  d u r i n g  t h i s  

h o l d i n g  t i m e .  These were always l ess  than  2m. The o u t p u t  from 

t h i s  t r a n s d u c e r  was a m p l i f i e d  by a Sangamo (Type C 5 6 )  Transducer-  

meter and i t  w a s  c a l i b r a t e d  u s i n g  a micrometer  r i g ,  i n c o r p o r a t i n g  

a Shardlow i n s t r u m e n t  (0 -0 .25  rcm t r a v e l ,  6.5 cm drum). 

COMF'UTER LOGGING 

S i n g l e  Channel Logging 

For t h e s e  e x p e r i m e n t s ,  where o n l y  one parameter  such a s  punch 

movement was r e q u i r e d  as a f u n c t i o n  o f  t i m e ,  one channe l  

s u f f i c e d .  The g e n e r a l  p r i n c i p l e s  have been d e s c r i b e d  by T r a v e r s  and 

L'ebster (10) and l o g g i n g  d u r i n g  t a b l e t  compression by computer 

t e c h n i q u e s  h a s  b e e n  used  by Armstrong and Abourida (11) and 

L a m e n s  and o t h e r s  ( 9 ) .  

A-: ana logue  vg? t a g e  from t h e  ~ p p r o p r i a t e  t r a n s d u c e r  was 

a m p l i f i e d  i f  n e c e s s a r y  and f e d  t o  a s i r . g l e  channel  ADC g i v i n g  an 

o u t p u t  of 255 b i t s  f o r  a maximum i n p u t  o f  255  mv. T h i s  d i g i t i s e d  
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STRAIN MOVEMENTS IN COMPACTS 145 

i n p u t  pas sed  t o  t h e  u s e r  p o r t  of a Model 4016 CBM microcorxputer 

( 3 2 K ) .  

code and d a t a  c a p t u r e  w a s  up t o  400 r e a d i n g s l s  s t o r e d  a t  nenory 

l o c a t i o n  8192 onwards.  The i n t e r v a l  tic?e w a s  c a l c u l a t e d  from 

two c o r r e s p o n d i n g  r e a d i n g s  o f  t h e  c c q u t e r  i n t e r n a l  c l o c k  r eco rded  

a t  t h e  s t a r t  and f i n i s h  of  t h e  d a t a  logg ing .  A l l  runs under  

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

Dual Channel Logging 

The o p e r a t i n g  program was p a r t l y  w r i t t e n  i n  nach ine  

T h i s  was used  when c o n c u r r e n t  v a l u e s  o f  punch d i s p l a c e n e n t  

and c o r p r e s s i o n  f o r c e  were r e q u i r e d .  P r o g r a m i n g  i n  BASIC w a s  

s u f f i c i e n t l y  r a p i d  a t  c i r c a  2 7  r e a d i n g s l s  on each channe l .  A 

d u a l  ADC was d e s i g n e d  and c o n s t r u c t e d  and d a t a  icere swi t ched  

i n t o  a l t e r n a t e  pemory l o c a t i o n s  by u s i n g  t h e ' v r i t e '  l i n e  t o  t h e  

computer second casse t te  a s  a programmable s w i t c h  (12). 

Adjacen t  b y t e s  t h e n  c o n t a i n e d  co r re spond ing  d a t a  on f o r c e  

and d i s p l a c e n e n t .  S i n c e  t h e s e  d a t a  were l a t c h e d  a lmos t  

s i m u l t a n e o u s l y  by t h e  d u a l  ADC b e f o r e  a c c e p t a n c e  by t h e  micro- 

computer,  t h e y  were s e p a r a t e d  i n  t i m e  b y  a s h o r t  p e r i o d  o f  abou t  

1 5 ~ s .  

S e q u e n t i a l  da ta  f i l e s  were coded under  f i l e  names such a s  

AAVLT30Fll when t r a n s f e r e d  t o  t h e  f l o p p y  d i s c .  T h i s  code denoted 

s t r a i n  movements a t  c o n s t a n t  s t ress  (A) on A v i c e l  (AV) which 

w a s  u n l u b r i c a t e d  (U) and 8g compact w e i g h t  ( E ) .  Compression 

f o r c e  was 30kN ( 3 )  w i t h  no (0) recompress ion .  Load ra te  w a s  

5000 kN/min (F) and 15s h o l d i n g  t i m e  (1). It  was t h e  f i r s t  (1) 

of t h e  two d e t e r m i n a t i o n s  made under  t h e  same c o n d i t i o n s .  

I f  d a t a  on t h i s  r u n  w a s  r e q u i r e d  f o r  subsequen t  i n s p e c t i o n ,  

t h e  f i l e  cou ld  e a s i l y  b e  i d e n t i f i e d ,  r e a d  i n t o  necory  and 

p rocessed .  

PXSULTS AND DISCUSSION 

When a compact h a s  been formed i n  t h e  d i e  t h e  a p p l i c a t i o n  

of a 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  w i l l  c ause  

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

and p l a s t i c  f low.  

r e c o v e r  some of  t h i s  rsovement. S h a m t  (13) u s i n g  t h e  Nayes 

hThen t h e  s t r e s s  i s  removed t h e  cornpact w i l l  
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146 TRAVERS, CELIK, AND BUTTERY 

Machine, o b t a i n e d  p l o t s  o f  t h e  type  shown s c h e r a t i c a l l y  i n  

F i g .  2 by f e e d i n g  t h e  ana logue  o u t p u t  from t h e  ram d i sp lacemen t  

t r a n s d u c e r  t o  a c h a r t  r e c o r d e r  s e t  t o  ' c u t  i n '  when t h e  naxirxm 

compression f o r c e  was a t t a i n e d .  

T h i s  t e c h n i q u e  had c e r t a i n  drab-backs.  I t  was d i f f i c u l t  t o  

j u d g e  t h e  e x a c t  p o i n t  when a c o n s t a n t  l o a d i n g  had been a t t a i n e d  

( p o i n t  A) and t h e  sudden e l a s t i c  expans ion  on l o a d  r e l e a s e  

(3 -? C )  was t o o  r a p i d  t o  be exanined i n  d e t a i l .  I n  t h e  p r e s e n t  

work t h e s e  d i f f i c u l t i e s  have been largely r e s o l v e d  by computer 

l o g g i n g  o f  d a t a .  

S t r a i n  Yovecents  A t  C o n s t a n t  S t r e s s  (A + B F ig .  2) 

- 

I n  o r d e r  t o  de t e rmine  t h e  p o i n t  o f  r ax i rxm c o r p a c t i o n  f o r c e ,  

t h e  two i n p u t  s w i t c h i n g  nethod was used t o  s i c u l t a n e o u s l y  r eco rd  

b o t h  compression f o r c e  and punch movement d u r i n g  t h e  i n i t i a l  

compression . 
The t i m e  a t  which t h e  l o a d  i n p u t s  j u s t  reached a maximum 

and c o n s t a n t  b i t  v a l u e  was t aken  as t h e  s t a r t i n g  p o i n t  of  t h e  

c o n s t a n t  l o a d  p e r i o d ,  ( p o i n t  A i n  F i g .  2). The g r e a t  advan tage  

of computer l o g g i n g  was t h a t  i t  enab led  t h i s  p o i n t  t o  be more 

a c c u r a t e l y  l o c a t e d  than  cou ld  be done u s i n g  a c h a r t  r e c o r d e r  

o r  s i n i l a r  a p p a r a t u s  

When t h e  c o n p r e s s i o n  f o r c e  become ' s t e a d y '  i e  had r eached  

t h i s  v a l u e ,  i t  w a s  h e l d  f o r  a prede te rmined  p e r i o d  measured i n  

seconds.  The s low B A S I C  program was adequa te  t o  r e c o r d  t h e s e  

s t r a i n  movements a t  c o n s t a n t  s t r e s s .  The c o q u t e r  c o u l d  b e  

programmed t o  c e a s e  l o g g i n g  a t  t h e  end of t h i s  p e r i o d  b u t  o n l y  

a t  t h e  expense o f  a s lower  logg ing  r a t e .  I n  p r a c t i c e  t h e  h o l d i n g  

t ine  w a s  t e r m i n a t e d  rranual ly .  

The two b a s e s  which showed most t i r e  dependent  rovement were 

Av ice l  and Sta-Rx ( F i g  3 r e g i o n  1) and t h e s e  a r e  known t o  be 

t i m e  dependent  p l a s t i c  b a s e s  ( 3 ) .  

I f  t h e  compression f o r c e  was i n c r e a s e d  then t h i s  v i s c o e l a s t i c  

rroverrent w a s  l ess .  S ixsmi th  (14) and Marsha l l  and S i x s n i t h  (15) have 

r e p o r t e d  t h a t  A v i c e l  compacts become c o r e  p l a s t i c  a t  h i g h  

compaction p r e s s u r e s  and t h i s  would appea r  from o u r  r e s u l t s  t o  

be acconpanied by a d e c r e a s e  i n  v i s c o e l a s t i c  moveuent. 
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D 

Time 

FIGLXE 2 

S t r a i n  Movements a t  Cons tan t  S t r e s s  and R e l a x a t i o n  on 
Load Release (Schematic) .  

- 600 
- 5 
c 
C 0)  

!i 
8 400 
E 

E x 
C .- 

200. 

0 

2 

200 

- 600 
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C 0)  

!i 
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C .- 

200. 
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200 

5 10 15 5 9 
Time (secs) 

FIGURE 3 

S t r a i n  Moverrents a t  Constant  S t r e s s  and Recovery of  A x c e l  and 
Sta-Rx Compacts. 

(8gram compacts p repa red  a t  l o a d  r a t e  of 5COOkN/nin) 

Key (Base,  F i n a l  Compression Force) 

X A v i c e l ,  15kN: 0 Sta-Rx, 15kN: x Sta-Rx, 30M 

A v i c e l ,  30W: A Sta-Rx, 45W: 0 A v i c e l ,  45kN 
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148 TRAVERS, CELIK, AND BUTTERY 

STRAIN tl0VEMENTS (yn) 

Holding T ime(s ) l5  30 45 60 
Mate r i  alJ. c-) 

The s t r a i n  movements i n c r e a s e d  F o r e  s lowly  a s  t i n e  p r o g r e s s e d  

and t h e i r  form, as shown i n  F i g .  3 i s  s i m i l a r  t o  t h a t  o b t a i n e d  

by S h a m a t  f o r  t h e  same b a s e s  ( 1 3 ) .  

The r e s u l t s  f o r  a l l  t h e  bases  a r e  s m a r i s e d  i n  Tab le  2 

( (-A+ !dbr h o l d i n g  t imes  a s  g i v e n .  They a r e  e x p r e s s e d  a s  m 

mover-ent f o r  t h e  whole corcpact and a l s o  a s p  p e r  g .wt .o f  

compact a n d p m  p e r  c m  l e n g t h  of e j e c t e d  c o c p a c t s .  

were -.rery s m a l l  f o r  h c o n p r e s s  conpac t s  conf i rming  t h e  o b s e r v a t i o n  

of Rees and Rue  (3 )  t h a t  t h i s  b a s e  does n o t  e x h i b i t  t i c e  2,Fendent 

e f f e c t s  t o  any a p p r e c i a b l e  e x t e n t .  A v i c e l ,  Sta-Rx and P a r a c e t a c o l  

DC c o c p a c t s  showed l a r g e  s t r a i n  movements. 

Rapid Conpact Expansion On Load R e l e a s e  ( B  + C F i g .  2) 

The v a l u e s  

Shammat (13) e s t i v a t e d  from h i s  work on t h e s e  d i r e c t  coEpress ion  

b a s e s  t h a t  t h i s  expans ion  took p l a c e  i n  abou t  0.1s and was t h e r e f o r e  

ELASTIC dr VISCOEL RECOVERY $mn) 

0 1 5  30 45 60 

TABLE 2 

E f f e c t  of Holding Time on S t r a i n  Movercents and E l a s t i c  and V i s c o e l a s t i c  

Recovery. (Pfaximum Compression Load was 30kN a p p l i e d  a t  5000k”/min). 

A I B 
I 

AVICEL pH101 375 394 406 437 669 610 614 567 590 
V m / g  46.2 48.6 50.2 53.9 82.5 75.3 75.7 70 72.9 
p l c m  28.6 29.5 31.4 33.9 34.3 49.2 46 44 45.8 

STA-RX 1500 378 480 441 504 980 750 665 630 618 
48.6 61.5 56 .5  64.6 124 96.4 85.2 81 79.3 
30.2 38.1 35.1 40.3 76 60 52.8 50.1 49.5 

P / g  
y m l c m  
PPXACETAMOL DC 121  175 176 144 383 379 364 348 363 
p d g  18.5 26.9 27 22 .1  5 8 . 9  58.2 56 53.6 55 
p l  cm 9.5 13.8 1 3 . 8  11.3 30 29.8 28.6 27.4 28 

EEDEX 1 2 1  133  125 128 298 286 2 7 0  266 270 
15 .5  17  1 6 . 1  16.5 38.2 36.8 34.8 34.4 34.4 
9 .4  10.3 9 .8  10 23.4 2 2 . 3  21 20.8 2 1  

P l g  
pmlcm 

EMCO! PPESS 47 55 5 8  5 1  266 255 258 251 247 
P I  g 4.2 5 5 . 2  4.6 24.2 23.1 23.5 2 2 . 8  2 2 . 4  
p l c m  3.6 4.3 4 . 5  3.9 2 0 . 8  19 .8  20 19.2 19.2 
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STRAIN MOVEMENTS I N  COMPACTS 

T B L E  3 

149 

F a l l  o f  Load on P r e s s u r e  Re lease  (8g c o r p a c t s  of s t a t e d  b a s e  i n  d i e )  

~~ 

L O A D  ( k N )  
T i c e ( s )  Blank Av ice l  Sta-I?x P a r a c e t a n o l  DC Errdex E n c o q r e s s  

0.000 30.31 30.31 30.31 30.31 30.31 30.31 
0.037 11 .73  11.92 10.55 12.31 12.71 11.34 
0.074 4.69 5.05 4.49 4 . 8 8  5.37 4.65 
0.111 2.34 2 .93  2 .54  2.73 2.73 2.73 
0 .148  1.95 2.15 1 - 9 5  1.95 1.95 1 .95  

v i r t u a l l y  an i n s t a n t a e n o u s  e l a s t i c  r e c o v e r y ,  b u t  he  was unab le  t o  

examine i t  i n  d e t a i l .  I n  t h e  p r e s e n t  s t u d y  the  da t a  were logged u s i n g  

t h e  f a s t  t a c h i n e  code program o v e r  a p e r i o d  of  9 h s  f rom t h e  r e l e a s e  

of l o a d .  

I t  i s  o b v i o u s  t h a t  no  machine i s  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  a s  shown by t h e  r e s u l t s  g iven  i n  Tab le  3 

t h e  l o a d  f e l l  t o  around 10% of  i t s  i n i t i a l  va lue  i n  about  lllms 

and t h i s  ra te  was t h e  sane r e g a r d l e s s  of t h e  compact p r e s e n t  i n  

t h e  d i e .Va lues  i n  Tab le  3 were o b t a i n e d  u s i n g  t h e  slow BASIC 

program so  t h e  t i m e  i n t e r v a l s  were r a t h e r  l ong  (37rns), b u t  t h e  

t r e n d  i s  q u i t e  c l e a r .  

Data of t h e  r ecove ry  on l o a d  r e l e a s e  are g iven  i n  f i g u r e s  

4a and 4 b .  A t  9Oms t h e  compacts were s t i l l  under a p p r e c i a b l e  

l o a d i n g  so expans ion  was n o t  t a k i n g  p l a c e  under z e r o  load  

c o n d i t i o n s .  

less than  8 rn ( z1  b i t )  so t h e r e  i s  some u n c e r t a i n t y  i n  t h e  p o i n t s  

a s  p l o t t e d .  However i t  was e v i d e n t  t h a t  f o r  a p e r i o d  of about  

1 2 m s  a f t e r  l o a d  r e l e a s e  t h e  p o i n t s  f e l l  a long  a s i n g l e  l i n e  

i n d i c a t i n g  t h a t  t h i s  was due t o  machine c h a r a c t e r i s t i c s  a n d / o r  

punch expansion and n o t  t o  any p r o p e r t y  of t h e  corrpacts t h e c s e l v e s .  

A f t e r  t h i s  p e r i o d  t h e  p l o t s  d i v e r g e d  q u i t e  m r k e d l y  s u g g e s t i n g  

The computer c o u l d  n o t  r e s o l v e  punch movements 

t h a t  though t h e  compact were s t i l l  under  l o a d ,  t h e  p l o t s  now 

r e p r e s e n t e d  t h e  r a p i d  expans ion  of  t h e  m a t e r i a l s .  I f  t h e  i n i t i a l  

p e r i o d  of  1 2  m s  was d i s r e g a r d e d ,  t h e  remaining s e c t i o n  of  t h e  

p l o t s  could b e  f i t t e d  q u i t e  w e l l  by t i 2 0  o r  t h r e e  s t r a i g h t  l i n e s  
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FIGURE 4a 

The E f f e c t  of Holding T i n e  on E l a s t i c  Recovery 

Key 
Avice l  and Encompress f o r  ze ro  holding time 

0 0 Same b a s e s  f o r  holding time of 30s 
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STRAIN MOVEMENTS IN COMPACTS 
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FIGURE 4b 

The E f f e c t  o f  Ho ld ing  Tirne on E l a s t i c  Recovery 

Key 

Pa.racetar.ol  DC II Sta-Rx and  A Emdex a l l  f o r  zero  

0 , i? and a are  sane bases  f o r  h o l d i n g  tirx of  3 0 s  

h o l d i n g  t i r e  
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152 TRAVERS, CELIK,  AND BUTTERY 

s u g g e s t i n g  t h a t  a number of  s e p a r a t e  r a t e  c o n s t a n t s  were i n v o l v e d  

i n  t h e  e x p a n s i o n .  H i e s t a n d  and  o t h e r s  (4)  and Rees and Rue (3) 

a r r i v e d  a t  a s i m i l a r  c o n c l u s i o n  t h a t  s t r e s s  decay  unde r  l o a d  

would a l s o  r e q u i r e  t h e  a s s u q t i o n  of  a number of  r a t e  c o n s t a n t s  

i n  o r d e r  t o  f i t  t h e i r  d a t a .  

An i n t e r e s t i n g  f e a t u r e  o f  t h e  p l o t s  was t h e i r  dependency on 

t h e  h o l d i n g  titie. I f  t h i s  t i n e  was s e t  a s  low as p o s s i b l e  ( ( 1 s )  

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

tir:e was 30 o r  60s.  I t  i s  w e l l  e s t a b l i s h e d  t h a t  a h i g h  ' d w e l l  t i r e '  

(16 )  u s u a l l y  y i e l d s  b e t t e r  t a b l e t s .  The r e s u l t s  shown i n  F i g .  4a 

i n d i c a t e  t h a t  c o n s o l i d a t i o n  u n d e r  c o n s t a n t  s t r e s s  a l l o w s  s o r e  

c o n v e r s i o n  of e l a s t i c  e n e r g y  i n t o  v i s c o e l a s t i c  a r d  p l a s t i c  r o v e c e n t  

w i t h  l e s s  sudden  e x p a n s i o n  on r e l e a s e  o f  t h e  c o n p r e s s i o n  f o r c e  

and a l e s s e r  t e n d e n c y  t o  l a m i n a t i o n .  

T h e r e  was no g r e a t  a d v a n t a g e  i n  p r o l o n g i n g  t h e  h o l d i n g  t i m e  

s i n c e  t h e  e x p a n s i o n  w a s  a l m o s t  as g r e a t  a t  60s as i t  was € o r  30s 

h o l d i n g  t i m e .  In t h e  i n t e r e s t  o f  c l a r i t y ,  p o i n t s  f o r  6 0 s  h o l d i n g  

t ime  have  been  o m i t t e d  from F i g  4a  and 4b .  

b o t h  e x h i b i t e d  a h i g h  d e g r e e  o f  e l a s t i c  r e c o v e r y  f rom which  i t  

c a n  be  deduced  t h a t  t h e i r  good t a h l e t t i n g  p r o p e r t i e s  a r e  n o t  

a f f e c t e d  by the stresses which  may b e  se t  up by t h i s  e x p a n s i o n .  

T r a v e r s  and  Cox (17) found t h a t  compac t s  o f  t h e s e  materials 

were v e r y  r e s i s t a n t  t o  t h e  s h e a r  s t r e s s e s  induced  when t h e y  were 

l o a d e d  i n  f r e e  a x i a l  compress ion  a f t e r  r e r o v a l  f rom t h e  d i e .  

They t h e r e f o r e  may b e  i n h e r e n t l y  r e s i s t a n t  t o  i n t e r n a l  s t r e s s  

s e t  up when t h e y  expand.  

S ta-Rx and A v i c e l  

P a r a c e t a m o l  DC forms a b r i t t l e  compact  (17 ,18 ) .  I t  a l s o  

shows c o n s i d e r a b l e  e x p a n s i o n  ( F i g .  4 b ) .  T a b l e t s  of  t h i s  m a t e r i a l  

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

t h e y  are compressed  q u i c k l y .  I t  w i l l  b e  n o t e d  ( F i g .  4b) , t h a t  

t h e  expans ion  was s e n s i t i v e  t o  h o l d i n g  t i n e  and t h i s  e x p l a i n s  why 

slow c o E p r e s s i o n  i s  a d v a n t a g o u s .  

Enconpres s  and Endex b o t h  form compac t s  which  a r e  weak i n  

s h e a r  when t h e y  a r e  l o a d e d  a x i a l l y  i n  t h e  Zree s t a t e  ( 1 7 ) .  

Cansec-!uently, t h e y  shoclld b e  p r o n e  t o  l a r > n a t i c n ,  b u t  a s  cnn be  

s e e ?  from f i g u r e s  4a and  4b t h e y  have  a low e l a s t i c  coverrent tchich 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



STRAIN MOVEMENTS I N  COMPACTS 153 

rray compensate f o r  t h i s .  L!e would a l s o  p r e d i c t ,  s i n c e  t h e i r  

expansion i s  n o t  so  dependent  on h o l d i n g  time, t h a t  i n c r e a s i n g  

t h e  speed of compression would n o t  b e  d e t r i m e n t a l .  

C o d )  i n e d  E 1 a s  t i c  And V i  s c  oe l a s t  i c  Re cove r y  

Data p o i n t s  f o r  t h e s e  a r e  conbined i n  F i g .  3 r eg ion  2 (Sta-Rx 

and Avice l )  and i n  Table  2 ( 4  B 3 )  f o r  a l l  t h e  bases  examined. 

I t  i s  d i f f i c u l t  from an examina t ion  of F i g . 3  t o  s e p a r a t e  the  

r a p i d  e l a s t i c  r ecove ry  from t h e  Guch s lower  v i s c o e l a s t i c  r o v e c e n t .  

The re  a r e  changes o f  s l o p e  i n  F i g .  4a and 4b f o r  a l l  m a t e r i a l s  b u t  

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

l i n e s  r e p r e s e n t  pu re  e l a s t i c  r ecove ry .  Frcn F i g .  3 i t  would appear 

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

0.1 and 0.2s from r e l e a s e  of  load i n  a g r e e c e n t  w i t h  t h e  o b s e r v a t i o n s  

of Shanunat (13) .  The end of t h e  e l a s t i c  p e r i o d  was taken i n  t h i s  

work as 0.1s from t h e  r e l e a s e  of  l o a d ,  b u t  more d e t a i l e d  a n a l y s i s  

o f  Fig. 4a  and 4b may w e l l  e n a b l e  a mre a c c u r a t e  demarcat ion t o  

be  a s c e r t a i n e d ,  though t h e r e  n u s t  be a t r a n s i t i o n  pe r iod  between 

e l a s t i c  and v i s c o e l a s t i c  moven;ent. 

I t  can be  seen  from F ig .  3 t h a t  v i s c o e l a s t i c  r ecove ry  

measured from 0.1s a f t e r  l o a d  r e l e a s e ,  was g r e a t e r  a t  z e r o  o r  

low ho ld ing  time f o r  A v i c e l  and Sta-Rx. These s low 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  than  t h o s e  due t o  e l a s t i c  

r ecove ry ,  b u t  t h e y  nay c o n t r i b u t e  t o  i t  and t h e y  w i l l  be  dec reased  

by l o n g  dwe l l  t i m e s  i n  t a b l e t t i n g  p r a c t i c e .  

Force V Displacement  P l o t s  

The Mayes machine can  y i e l d  d a t a  f o r  t h e s e  p l o t s  d i r e c t l y  

from i t s  i n t e r n a l  t r a n s d u c e r s ,  though compression tines were r a t h e r  

l ong  when coEpress ing  t h e  l a r g e  compacts made i n  t h e  p r e s e n t  

study. 

P l o t s  f o r  Av ice l  and Sta-Rx a r e  shown i n  F ig .  5. The p o i n t s  

a r e  eean  v a l u e s  from f i v e  d e t e r n i n a t i o n s  under t h e  s t a t e d  co r .d i t i ons  

There was some v a r i a t i o n  e s p e c i a l l y  for Avice l  compacts which we 

b e l i e v e  a r o s e  from t h e  d i f f i c u l t y  of e n s u r i n g  uniform pack ing  o f  

t h e  powder p r i o r  t o  compaction. Hersey and Rees (19)  have shown 

t h a t  Heckel p l o t s  ( Z O ) ,  which a r e  p l o t s  of a f u n c t i o n  of a 
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FIGURE 5 

Force  v Punch Displacement P l o t s  f o r  A v i c e l  and 

Sta-Rx 

8 I n d i c a t e s  Pre load:  

8g  of Base was t aken:  
a t  5000 kN/min load  r a t e .  

Each p o i n t  i s  mean o f  f i v e  d e t e r m i n a t i o n s  

t a b l e t  d e n s i t y  v compact ion  p r e s s u r e ,  can v a r y  g r e a t l y  i f  t h e  

i n i t i a l  bed d e n s i t y  v a r i e s  p r i o r  t o  compact ion  2nd we obse rved  

t h a t  t h e  t h i c k n e s s  o f  A v i c e l  compacts d i d  i n  f a c t  d i f f e r  f rom 

run  t o  run .  

The a r e a  under  t h e  f o r c e  - d i s p l a c e m e n t  p l o t s  f o r  Av ice l  and 

Sta-Rx d i d  n o t  a l t e r  a p p r e c i a b l y  w i t h  r a t e  of  l oad  a p p l i c a t i o n .  
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S T R A I N  MOVEMENTS I N  COMPACTS 

TABLE 4 

F o r c e  v Punch Disp lacemen t  Data up t o  A t t a i n m e n t  of Maximum 

Load (at 5000 kN/min) 

S ta-Rx 

Time ( s )  F o r c e  
D i  s p  1 

Value  

0 0 . 5 9  3 0.000 
0 .225  6.06 31 2,902 
0 .636  14 .47  74 5 .176  
0 . 7 1 1  14 .67  75 5 .255  
0 . 8 2 3  14 .86  76 5 .333  
1 .085  15 .06  77 5.412 
1 . 1 1 7  15 .06  77 5 .490  
1 .154  15 .06  7 7  5.569 
1.339 15 .06  77 5.632 

A v i c e l  

0 0 .59  
0 .225  1.37 
0 .636  5 . 0 8  
0 . 7 1 1  6 .45  
0 . 8 2 3  8 .41  
1 . 0 8 5  12 .71  
1 .117  1 3 . 1 0  
1 .154  13.49 
1.339 14.47 
1 .413  14 .67  
1 .562  14.86 
1 .897  15 .06  
1 .934  15.06 
1 . 9 7 1  15 .06  
2.008 15 .06  

3 
7 

26 
33 
43  
6 5  
67  
69 
74 
75 
76 
77 
77 
77 
77 

0 .om 
2.902 

10 .431  
11 .529  
13 .020  
15 .059  
15.294 
15 .373  
15 .765  
1 5 . 8 4 3  
16 .000  
16 .157  
16 .235  

16.314 
lb. 3i4 

155 

However as t h e s e  r a t e r i a l s  were  v e r y  c o u p r e s s i Y e  and p r e s e n t  i n  

a l a r g e  q u a n t i t y  (89), i t  took  a b o u t  1s (Sta-P.x) or  2 s  ( A v i c e l )  

t o  a t t a i n  the  maximum l o a d  of 1 5  kN a t  t h e  f a s t e s t  l o a d  r a t e .  

T h i s  i s  l o n g e r  t h a n  would o c c u r  i n  p r a c t i c e  and i t  n a y  be  t h a t  

d i f f e r e n c e s  c o u l d  b e  o b s e r v e d  a t  f a s t e r  compress ion  r a t e s .  

Rowever, a s  shown i n  T a b l e  4 ,  96% of t h e  a p p l i e d  l o a d  was a t t a i n e d  

i n  h a l f  t h e  t o t a l  t i m e  o f  compress ion  s o  the  E a j o r i t y  o f  t h e  

compact ion  was i n  f a c t  nore  r a p i d .  

CONCLUSION 

The Mayes Machine u s e d  i n  c o n j u n c t i o n  w i t h  computer  

l o g g i n g  of  d a t a  h a s  been  shown t o  b e  a c o n v e n i e n t  means 
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156 TRAVERS, CELIK, AND BUTTERY 

o f  s t u d y i n g  t h e  c o n p r e s s i o n a l  b e h a v i o u r  o f  compac t s  

m a i n t a i n e d  a t  c o n s t a n t  stress a n d  t h e i r  s u b s e q u e n t  e l a s t i c  

r e c o v e r y  uhen  t h e  l o a d  i s  removed.  D e t e m i n i n g  t h e  e x t e n t  

of e l a s t i c  r e c o v e r y  a f t e r  d i f f e r e n t  h o l d i n g  times may b e  

u s e f u l  p r a c t i c a l  t es t  to p r e d i c t  t h e  b e h a v i o u r  of 

g r a n u l a t e s  a t  h i g h  c o m p r e s s i o n  ra tes .  
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