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1. INTRODUCTION 

Modern formulation bases the appropriate selection of 
excipients on technological determinations. Due to 
negative effects on mechanical and biopharmaceutical 
properties of tablets, the amount of lubricant to be 
used requires optimization. Lubricants are difficult to 
evaluate in terms of effectiveness. The number of 
references existing i n  literature on this topic 
substantiates the necessity still remaining in 
pharmaceutics for lubricant testing ( 1 ,  2 ,  3 ,  4 ,  5). 

In previous papers ( 6 ,  7 ) ,  the signal obtained during 
tablet ejection in a single punch machine equipped for 
force measuring was studied. Following this, the machine 
was implemented with an inductive transducer, in order 
to measure the displacement of the lower punch during 
the ejection phase (8). The analysis of the signals 
obtained with various substances made i t  possible to 
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1048 DELACOURTE ET AL. 

r e l a t e  e a c h  p a r t  o f  t h e  r e c o r d e d  s i g n a l  t o  t h e  
c o r r e s p o n d i n g  p h a s e  o f  t a b l e t  e j e c t i o n .  
H o w e v e r ,  some  d i f f i c u l t y  s t i l l  e x i s t s  i n  c a r r y i n g  o u t  a 
q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  e j e c t i o n  p h e n o m e n o n .  A 
l o t  o f  p a r a m e t e r s ,  s u c h  a s  t o o l  q u a l i t y ,  r o o m  
c o n d i t i o n i n g ,  p o w d e r  m i x t u r e  p r e p a r a t i o n ,  o p e r a t i v e  
p r o c e d u r e s , h a d  c o n s i d e r a b l e  i n f l u e n c e  o n  t h e  
m e a s u r e m e n t s .  C o n s e q u e n t l y ,  t h e  n e e d  t o  d e v e l o p  a 
r i g o r o u s  m e t h o d o l o g y  f o r  m e a s u r i n g  l u b r i c a n t  
e f f e c t i v e n e s s ,  i n  r e l a t i o n  t o  a m o u n t s  i n  f o r m u l a t i o n  a n d  
i n t e r a c t i o n  w i t h  e x c i p i e n t s  a r i s e s .  
T h e  a im o f  t h i s  p a p e r  i s  t o  p r o p o s e  a new p r o c e d u r e  f o r  
l u b r i c a n t  s t u d y i n g ,  b a s e d  o n  t h e  d e t e r m i n a t i o n  o f  t h e  
v a l u e  o f  u p p e r  p u n c h  f o r c e  t h a t  c o u l d  p r o d u c e  t h e  

j a m m i  n g " o f t a b 1 e t t i n g  ma c h i  n e s . 
T h e  r e q u i r e d  s t a n d a r d i z a t i o n  o f  e a c h  p r o c e d u r e  s t e p  i s  
c a r e f u l l y  d e s c r i b e d .  

2. MATERIALS AND METBODS 

E x c i p i e n t s :  
L a c t o s e  F a s t  F l o  SEPPIC P a r i s  ( F )  
E m c o m p r e s s  S P C I  La P l a i n e  S t  D e n i s  ( F )  

Lubricants: 
M a g n e s i u m  s t e a r a t e  C o o p e r  M e l u n  ( F )  
C o m p r i t o l  8 8 8  G a t t e f o s s e  S a i n t  P r i e s t  ( F )  
P r e c i r o l  a t o m i s 6  G a t t e f o s s P  S a i n t  P r i e s t  ( F )  
L u b r i  t a b  SPCI  La P l a i n e  S t  D e n i s  ( F )  
PEG4000 H o e c h s t - F  P a r i s  ( F )  
T a l c  C o o p e r  M e l u n ( F ) )  

Raw m a t e r i a l s ,  p r e s e r v e d  i n  a t h i n  l a y e r  i n  a n  a i r  
c o n d i t i o n e d  r o o m  t h e  d a y  b e f o r e  e x p e r i m e n t i n g ,  w e r e  
s i e v e d ,  w e i g h e d  a n d  m i x e d  a c c o r d i n g  t o  t h e  t e c h n i q u e  
d e s c r i b e d  b e l o w .  

S t a n d a r d  M i x t u r e :  
A f t e r  s i e v i n g  t h r o u g h  a 1 . 2 5 0  m m  s i e v e ,  4 9 5  g o f  L a c t o s e  
a n d  5 g o f  m a g n e s i u m  s t e a r a t e  a r e  w e i g h e d .  One t h i r d  o f  
t h e  l a c t o s e  i s  p u t  i n  t h e  c o n t a i n e r  o f  a T u r b u l a  m i x e r  
w i t h  t h e  t o t a l  a m o u n t  o f  l u b r i c a n t .  T h e  m i x i n g  i s  
a c h i e v e d  d u r i n g  5 m i n u t e s  a t  a s p e e d  o f  5 4  rpm. A f t e r  
t h i s  t i m e ,  a n o t h e r  t h i r d  o f  l a c t o s e  i s  a d d e d  a n d  m i x e d  
f o r  5 m i n u t e s ,  f o l l o w e d  b y  t h e  l a s t  p o r t i o n  a n d  5 m o r e  
m i n u t e s  o f  m i x i n g .  

A l l  t h e  c o m p r e s s i o n  e x p e r i m e n t s  w e r e  made  o n  a s i n g l e  
p u n c h  m a c h i n e  F r o g e r a i s  O A ,  e q u i p p e d  w i t h  a 1 1 . 2 8  m m  
d i a m e t e r  f l a t  p u n c h e s .  U p p e r  a n d  l o w e r  p u n c h e s  a r e  
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LUBRICANTS USED IN TABLET TECHNOLOGY 1049 

i n s t r u m e n t e d  w i t h  s t r a i n  g a u g e s  c a l i b r a t e d  a g a i n s t  a 
r e f e r e n c e  d e v i c e  i n  a h y d r a u l i c  p r e s s .  A v a r i a b l e  l i n e a r  
d i f f e r e n c i a l  t r a n s d u c e r  (LVDT) m e a s u r e s  t h e  d i s p l a c e m e n t  
o f  t h e  u p p e r  p u n c h  w i t h  a n  a c c u r a c y  o f  1 / 1 0 0  m m .  A 
s e c o n d  LVDT m e a s u r e s  t h e  d i s p l a c e m e n t  o f  t h e  l o w e r  p u n c h  
d u r i n g  t h e  e j e c t i o n  p h a s e .  S t r a i n  g a u g e s  a n d  
d i s p l a c e m e n t  t r a n s d u c e r s  a r e  c o n n e c t e d  t o  c o m p u t e r s  b y  
m e a n s  o f  m e a s u r i n g  b r i d g e s .  T h e  c o m p u t e r  f o l l o w i n g  t h e  
c o m p r e s s i o n  p h a s e  i s  a n  A P P L E  I 1  E ,  a d a p t e d  a n d  
p r o g r a m m e d  i n  o u r  l a b o r a t o r y  ( 9 ) .  
T h e  d a t a  o n  t h e  e j e c t i o n  p h a s e  w e r e  c o l l e c t e d  by  a M I N C  
D I G I T A L  c o m p u t e r  c o n n e c t e d  t o  a X / Y  r e c o r d e r  ( 8 )  

F o r  e a c h  t a b l e t  t h e  s i g n a l ,  o f  t h e  u p p e r  a n d  l o w e r  
f o r c e s  a g a i n s t  t i m e  a n d  p u n c h  d i s p l a c e m e n t  a r e  
v i s u a l i s e d  a n d  t h e  maximum u p p e r  a n d  l o w e r  f o r c e s  ( i n  
d a N )  a r e  m e a s u r e d .  
T h e  d a t a  o n  t h e  e j e c t i o n  p h a s e  w e r e  c o l l e c t e d  b y  a M I N C  
D I G I T A L  c o m p u t e r  c o n n e c t e d  t o  a X / Y  r e c o r d e r  ( 8 )  
F o r  e a c h  t a b l e t  t h e  s i g n a l  o f  t h e  l o w e r  p u n c h  f o r c e  
a g a i n s t  t i m e  i s  v i s u a l i s e d  a n d  t h e  d i f f e r e n t  p a r t  o f  
t h i s  s i g n a l  a r e  m e s u r e d ,  r e s i d u a l  f o r c e  a n d  e j e c t i o n  
f o r c e s  ( i n  d a N ) .  
T h e  c r u s h i n g  s t r e n g t h  o f  t h e  t a b l e t  i s  m e a s u r e d  ( i n  d a N )  
w i t h  a n  H e b e r l e i n  h a r d n e s s  t e s t e r .  

3 .  OPERATIVE PROCEDURE FOR LUBRICANT EVALUATION 

I n  v i e w  o f  o b t a i n i n g  r e p r o d u c i b l e  d a t a ,  t h e  f o l l o w i n g  
o p e r a t i v e  s t e p s  a r e  s t r i c t l y  a d o p t e d  ( T a b l e  1 ) :  

1s t  s t e p :  P r e l i m i n a r y  a d j u s t m e n t s  
B e f o r e  e a c h  s e r i e s  o f  e x p e r i m e n t s ,  a l l  t h e  p a r a m e t e r s  
a r e  c o n t r o l l e d :  

- z e r o  a d j u s t m e n t ,  c a l i b r a t i o n  a n d  l i n e a r i t y  o f  t h e  
m e a s u r i n g  d e v i c e s  o f  f o r c e s  a n d  d i s p l a c e m e n t  

- d e p t h  o f  t h e  c o m p r e s s i o n  c h a m b e r  ( 1 0  + / -  0 . 0 1  mm) 
- s p e e d  o f  t h e  m a c h i n e  ( 1  t a b l e t  e a c h  s e c o n d )  
- r e l a t i v e  h u m i d i t y  ( 2 0  % )  a n d  t e m p e r a t u r e  ( 2 0 ° C )  

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

2 n d  s t e p : T o o l  c l e a n i n g  
T o o l  c l e a n i n g  i s  a c r i t i c a l  o p e r a t i o n  f o r  t h e  
r e p r o d u c i b i l i t y  o f  m e a s u r e m e n t s .  T h i s  p r o c e d u r e  c o n s i s t  
o f  f o u r  m i n u t e s  c o m p r e s s i o n  o f  a m i x t u r e  o f  
m i c r o c r i s t a l l i n e  c e l l u l o s e  w i t h  1 % o f  m a g n e s i u m  
s t e a r a t e .  I n  o r d e r  t o  p o l i s h  t h e  t o o l s  e f f e c t i v e l y ,  t h e  
maximum d i s p l a c e m e n t  o f  t h e  u p p e r  p u n c h  i s  a d j u s t e d  t o  
8 . 0 0  m m  d u r i n g  t h e  o p e r a t i o n .  
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1050 DELACOURTE ET AL. 

Table 1: Method for quantitative evaluation of the 
effectiveness of tablet lubricants 

1, PRELIMINARY ADJUSTMENTS 

Room air conditionning 
Speed of the machine 

2, TOOL CLEANING 

Compression of a cleaning mixture for 4 minutes 
in standardised conditions 

3, STANDARDIZATION 

Compression of a standard mixture and comparison 
of the answer obtained with stadardized values. 

If the values obtained are not inside the standardized 
values, go to point 2 for a new tool cleaning 

4 ,  MEASUREMENT 

Compression of 30 tablets in standardized conditions 
under a low upper punch displacement 

If no ejection problems occur, increasing of the 
upper punch displacement in order to determine the 
"limit of industrial. workability", that is 
the maximum upper punch force that makes it possible 
to compress for 3 minutes without ejection problems 
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LUBRICANTS USED IN TABLET TECHNOLOGY 105 1 

3 r d  s t e p :  M e a s u r e m e n t  s t a n d a r d i s a t i o n  
T o  a s s u r e  t h a t  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  r e m a i n  t h e  
s a m e ,  t h e  r e s u l t s  o b t a i n e d  b y  c o m p r e s s i n g  t h e  S t a n d a r d  
M i x t u r e  w e r e  s t a t i s t i c a l l y  c o m p a r e d  b e f o r e  e a c h  t r i a l .  
Yaximum u p p e r  p u n c h  d i s p l a c e m e n t  i n  t h e  d i e  i s  a d j u s t e d  
t o  5 . 4 0  + I -  0 . 0 5  m m .  
U n d e r  t h e s e  c o n d i t i o n s ,  m e a n  v a l u e s  a n d  c o n f i d e n c e  
l i m i t s  a t  9 5 %  l e v e l  a r e :  

- t a b l e t  c r u s h i n g  s t r e n g t h  = 2 0  + / -  0 . 2  daN 
- r e s i d u a l  f o r c e  = 2 5  + / -  3 . 2  daN 
- e j e c t i o n  f o r c e  = 6 9  + / -  3 . 2  daN 

4 t h  s t e p : p o w d e r  c o m p r e s s i o n  
A f t e r  c l e a n i n g  t h e  c o m p r e s s i o n  c h a m b e r  a s  p r e v i o u s l y  
d e s c r i b e d ,  t h e  p o w d e r  m i x t u r e  i s  l o a d e d  i n  t h e  h o p p e r .  
Maximum u p p e r  p u n c h  d i s p l a c e m e n t  i s  a d j u s t e d  t o  4.50mm. 
A f t e r  t h e  c o m p r e s s i o n  o f  3 0  t a b l e t s ,  t h e  d a t a  r e l a t i v e  
t o  1 0  s u c c e s s i v e  t a b l e t s  a r e  m e a s u r e d  a n d  s t o r e d  i n  t h e  
c o m p u t e r .  F o l l o w i n g  t h e s e  m e a s u r e m e n t s ,  e j e c t i o n  f o r c e s  
a r e  r e c o r d e d .  
We n o t e d  t h a t  r e s i d u a l  f o r c e  w a s  l o w e r  t h a n  6 0  daN w i t h  
o n l y  a s m a l l  e j e c t i o n  p e a k  a n d  t h a t  n o  e j e c t i o n  p r o b l e m s  
o c c u r r e d .  E j e c t i o n  p r o b l e m s  ( a t e n d e n c y  t o  j a m m i n g  ) 
a r e  c l e a r l y  i d e n t i f i e d  w h e n  t h e  l o w e r  p u n c h  h a s  
d i f f i c u l t y  i n  e j e c t i n g  t h e  t a b l e t .  C o n s e q u e n t l y , a  
t y p i c a l  g r i n d i n g  n o i s e  o c c u r s  i n  e j e c t i o n ,  a n d  t h e  
t a b l e t  a p p e a r s  w i t h  v e r t i c a l  s c r a t c h e d  e d g e s ,  o f t e n  
f r a c t u r e d .  T h e  e l e c t r i c  s i g n a l  f r o m  t h e  l o w e r  p u n c h  
f o r c e  i s  d i s t u r b e d ,  w i t h  a r e s i d u a l  f o r c e  h i g h e r  t h a n  8 0  
daN.  T h e  s h a p e  o f  t h e  s i g n a l  i s  t h a t  o f  a s a w - t o o t h  
l i n e .  M o r o e v e r  t h e  p u n c h  f i n d s  some  r e s i s t a n c e  t o  
r e c o v e r  t h e  l o w e s t  p o s i t i o n .  S o m e t i m e s  a n e g a t i v e  p e a k  
i n  t h e  s i g n a l  a p p e a r s  a t  t h i s  p o i n t .  
I f  n o  e j e c t i o n  p r o b l e m s  o c c u r ,  u p p e r  p u n c h  d i s p l a c e m e n t  
i s  i n c r e a s e d  t o  4 . 7 5  m m ,  a n d  m e a s u r e m e n t s  a r e  r e p e a t e d  
a s  b e f o r e .  T h e n ,  m e a s u r e m e n t s  a t  5 d i f f e r e n t  
d i s p l a c e m e n t s  ( 4 . 5 0 ,  4 . 7 5 ,  5 . 0 0 ,  5 . 2 5  a n d  5 . 4 0  m m ) a r e  
t a k e n .  
A f t e r  t h e  l a s t  t r i a l  a t  5 . 4 0  m m ,  t h e  p u n c h  d i s p l a c e m e n t  
i s  a d j u s t e d  i n  o r d e r  t o  o b t a i n  u p p e r  p u n c h  maximum 
f o r c e  o f  2 . 0 0 0  daN a n d  t h e  m a c h i n e  i s  r u n  f o r  2 m i n u t e s .  
T h e  a i m  o f  t h i s  t r i a l  i s  t o  v e r i f y  i f  e j e c t i o n  p r o b l e m s  
d e v e l o p  w i t h  t i m e .  
On t h e  c o n t r a r y ,  i n  t h e  c a s e  o f  e j e c t i o n  p r o b l e m s ,  t h e  
m a c h i n e  i s  s t o p p e d ,  t h e  t o o l s  a r e  c l e a n e d  a g a i n  a n d  t h e  
u p p e r  p u n c h  d i s p l a c e m e n t  o f  t h e  m a c h i n e  i s  s l i g h t l y  
d e c r e a s e d .  
An u p p e r  p u n c h  f o r c e  t h a t  a l l o w s  f o r  c o m p r e s s i o n  w i t h o u t  
e j e c t i o n  p r o b l e m s  f o r  3 m i n u t e s  i s  i t e r a t i v e l y  r e q u i r e d  
a n d  d e f i n e d  a s  t h e  " l i m i t  o f  i n d u s t r i a l  p r a c t i c a b i l i t y " .  
F o r  e a c h  t a b l e t  t h e  f o r c e s  m e a s u r e d  o n  t h e  u p p e r  a n d  
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PROCEDURE VALIDATION 

1052 

Compression Force (daN) 

Flgure I : procedure of the velldalion: overlay fll of Slendard Mixture mean value 01 20 
trlals (*) to compression forcelcrushing strenghl relalionship (95% 
confidence lnlerval is lower then symbol ~ l z e )  

l o w e r  p u n c h e s ,  t h e  d i s p l a c e m e n t  o f  t h e  u p p e r  p u n c h  
d u r i n g  t h e  c o m p r e s s i o n  p h a s e  a n d  o f  t h e  l o w e r  p u n c h  
d u r i n g  t h e  e j e c t i o n  p h a s e ,  w e r e  r e c o r d e d .  T h e  t a b l e t s  o f  
e a c h  d i s p l a c e m e n t  b a t c h  w e r e  c h e c k e d  f o r  w e i g h t ,  
t h i c k n e s s ,  d i a m e t e r  a n d  c r u s h i n g  s t r e n g t h .  

4. VALIDATION OF THE TECHNIQUE 

F o r  p r o c e d u r e  v a l i d a t i o n ,  t h e  d a t a  o b t a i n e d  by  d a i l y  
c o m p r e s s i n g  S t a n d a r d  M i x t u r e  t o  c o n t r o l  o p e r a t i v e  
o n d i t i o n s  w e r e  a n a l y s e d .  W i t h  a n  a v e r a g e  o f  a l l  t h e  
m e a s u r e m e n t s  c o l l e c t e d  a t  2 0 0 0  d a N ,  a n  e v a l u a t i o n  o f  t h e  
p r e c i s i o n  o f  t h e  m e a s u r e m e n t  c a n  b e  o b t a i n e d .  By 
c o m p a r i n g  mean  v a l u e s  w i t h  r e g r e s s i o n  l i n e  o b t a i n e d  by  
p l o t t i n g  r e s p e c t i v e l y  c r u s h i n g  s t r e n g t h ,  e j e c t i o n  f o r c e  
o r  r e s i d u a l  f o r c e  v e r s u s  u p p e r  p u n c h  f o r c e ,  a n  
i n d i c a t i o n  o f  t h e  a c c u r a c y  c a n  b e  e s t a b l i s h e d .  F i g u r e  1 
s h o w s  m e a n  v a l u e  r e l a t i v e  t o  c r u s h i n g  s t r e n g t h  o b t a i n e d  
f r o m  2 0  s u c c e s s i v e  t r i a l s ,  p l o t t e d  i n  t h e  g r a p h  s h o w i n g  
c r u s h i n g  s t r e n g t h  v e r s u s  u p p e r  p u n c h  f o r c e .  T h e  
c o r r e s p o n d a n c e  t o  p r e v i o u s l y  f o u n d  r e l a t i o n s h i p s  i s  
q u i t e  g o o d  a n d  t h e  v a r i a b i l i t y  among  t h e  v a l u e s  n o t a b l y  
r e d u c e d .  F i g u r e s  2 a n d  3 s h o w  t h e  s a m e  c o m p a r i s o n  
c o n c e r n i n g  r e s i d u a l  a n d  e j e c t i o n  f o r c e s .  I n  t h e  c a s e  o f  
r e s i d u a l  f o r c e ,  l e s s  a c c u r a c y  c a n  b e  n o t e d  i n  r e l a t i o n  
t o  t h e  m e a s u r e m e n t  t e c h n i q u e .  

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

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



LUBRICANTS USED IN TABLET TECHNOLOGY 1053 
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Compresslon Force (daN) 

Flgure 2: procedure of the vandatlon: overlay Ill of Standard Mixture mean value of 20 
trials to ampresslon forcelresldual force relatlonshlp. 

Compresslon Force (daN) 

Flgure 3: procedure of the vafidatlon: overlay flt of Standard Mlxture mean value of 20 
ttials to cornpmsslon fomelejecllon force relatlonshlp. 

5 .  RESULTS AND DISCUSSION 

F o r  t h i s  s t u d y ,  L a c t o s e  FF a n d  E m c o m p r e s s  w e r e  c h o s e n  
b e c a u s e  t h e y  c a n n o t  b e  c o m p r e s s e d  w i t h o u t  
1 u b r i c a n t : l a c t o s e  g i v e s  a s i g n a l  o f  l o w e r  p u n c h  e j e c t i o n  
f o r c e  v e r s u s  t i m e  w i t h  a n  e v i d e n t  s a w - t o o t h  p r o f i l e  a n d  
E m c o m p r e s s  s h o w s  a t e n d a n c y  t o  j a m m i n g .  Some l u b r i c a n t s  
make i t  p o s s i b l e  t o  c o m p a r e  t h e  t w o  p r o d u c t s ,  b u t  o t h e r s  
a r e  i n c a p a b l e  o f  r e d u c i n g  f r i c t i o n  l e v e l  s u f f i c i e n t l y .  
R e s u l t s  o b t a i n e d  w i t h  L a c t o s e  FF a n d  E m c o m p r e s s  m i x t u r e s  
w i t h  d i f f e r e n t  l u b r i c a n t s  a r e  p r e s e n t e d  i n  T a b l e s  2 a n d  
3 .  T h e  d a t a  m e a s u r e d  f o r  t h e  u p p e r  p u n c h  maximum f o r c e  
w h i c h  a l l o w 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 ,  f o r  3 
m i n u t e s  p r o d u c t i o n  t i m e ,  w i t h o u t  e j e c t i o n  p r o b l e m s ,  a r e  
r e c o r d e d  i n  t h e  f o l l o w i n g  s e q u e n c e :  
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DELACOURTE ET AL. 

T a b l e  2 :  L i m i t s  o f  I n d u s t r i a l  P r a c t i c a b i l i t y  
w i t h  L a c t o s e  F a s t  F l o  

L u b r i c a n t  % Y 1  R R e  E j  D 

M a g n e s i u m  s t e a r a t e  0 . 2 5  5 9 2  
0 . 5  2 0 1  7 

9 5 7  
1 2 0 4 2  

8 4 7  

Comp r i t o l  
1 0 3 7  

1 0 3 7  

9 5 2  

P r e c i r o l  
1 2 5 6  

6 1 3  

9 8 8  

1 5 9 8  

1 . 5  1 4 5 5  

2 2 0 8 9  

1 5 6 5  

1 . 5  1 5 5 0  

2 1 9 4 3  

P E G  4 0 0 0  7 4 7 9  

T a l c  5 6 3 6  

L u b r  i t a b  
7 92 

1 5 9 3  

2 1 4 7 5  

. 8 5  

. 9 0  27  6 3  1 9 . 3  

. 8 7  2 1  6 4  1 7 . 3  

- 8 1  4 8  6 7  6 . 2  

. 8 6  5 6  6 6  1 5 . 1  

. 8 6  5 2  7 0  1 9 . 9  

$ 8 9  1 7  3 1  7 . 1  

. 9 1  2 2  4 2  9 . 5  

. 9 2  2 4  4 8  1 9 . 2  

. 8 2  

. 5 4  

. 8 8  2 1  27  4 . 7  

. 88  2 4  4 5  1 3 . 4  
9 0 8  

- t h e  u p p e r  p u n c h  f o r c e  i n  daN (Y1  ) 
- t h e  t r a n s m i s s i o n  r a t i o  R ( l o w e r  f o r c e  / u p p e r  f o r c e  ) 
- t h e  r e s i d u a l  f o r c e  i n  d a N  ( Re ) 
- t h e  e j e c t i o n  f o r c e  i n  daN ( E j  ) 
- t h e  c r u s h i n g  s t r e n g t h  o f  t a b l e t s  i n  daN ( D  ) 
- t h e  c o h e s i o n  i n d e x  ( C I )  w h i c h  i s  t h e  r a t i o  o f  t a b l e t  
h a r d n e s s  ( i n  d a N  ) ,  o n  t h e  maximum u p p e r  p u n c h  f o r c e  ( 
i n  daN ) X 1 0 0 . 0 0 0 .  T h e  h i g h e r  t h e  CI, t h e  b e t t e r  t h e  
c o m p r e s s i b i l i t y  i s .  
I f  t h e  l i n e  i s  e m p t y ,  i t  m e a n s  t h a t ,  f o r  t h i s  
a d j u s t m e n t ,  i t  w a s  n o t  p o s s i b l e  t o  make  t h e  m e a s u r e m e n t s  
a n d  t o  o b t a i n  t a b l e t s .  
I f  n o  p r o b l e m  o c c u r s ,  e v e n  i f  t h e  f o r c e  m e a s u r e d  i s  
a b o u t  2 . 0 0 0  d a N ,  t h e  r e s u l t s  o b t a i n e d  f o r  t h i s  
a d j u s t m e n t  a r e  n o t e d .  
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LUBRICANTS USED IN TABLET TECHNOLOGY 1055 

T a b l e  3 :  L i m i t s  o f  I n d u s t r i a l  P r a c t i c a b i l i t y  
w i t h  E m c o m p r e s s  

L u b r i c a n t  
C I  

% Y1 R Re E j  D 

M a g n e s i u m  s t e a r a t e  0 . 2 5  
7 5 4  

6 9 1  

6 1 7  

0 . 5  

1 

C o m p r i t o l  
8 6 3  

7 6 6  

7 2 1  

P r e c i r o l  
7 9 6  

67 5 

PEG 4 0 0 0  
1 1 3 7  

1 

1 . 5  

2 

1 

1 . 5  

2 

7 

T a l c  5 

L u b r  i t a b  

1 2 6 4  

1 
2 

2 0 6 8  

2 1 5 5  

2 1 0 4  

3 8 2  

6 6 5  

2 1 0 6  

6 6 6  

2 1 0 3  

2 0 8 6  

4 6 6  

5 4 0  

4 6 5  
4 3 5  

. 9 0  2 1  4 9  1 5 . 6  

. 9 0  2 0  5 4  1 4 . 9  

. 9 0  1 9  5 4  1 3  

. 8 5  3 4  5 3  3 . 3  

. 8 7  3 4  4 8  5 . 1  

. 9 0  3 3  4 2  1 5 . 2  

. 8 8  1 4  2 3  5 . 3  

. 9 1  4 4  6 6  1 4 . 2  

B c o m p l 6 t e r  

. 8 0  2 0  2 7  5 . 3  

. 5 6  

. 8 5  

. 8 8  1 9  3 3  5 . 5  

LACTOSE FF: 

Magnesium s t e a r a t e :  
T r i a l s  w e r e  made  w i t h  3 m i x t u r e s  c o n t a i n i n g  0 . 2 5 ,  0 . 5  
a n d  1 . 0  % o f  m a g n e s i u m  s t e a r a t e .  
W i t h  t h e  l o w e s t  a m o u n t  o f  l u b r i c a n t  ( 0 . 2 5  X ) ,  a t e n d a n c y  
t o  j a m m i n g  i s  t o  b e  o b s e r v e d  e v e n  a t  a v e r y  l o w  u p p e r  
p u n c h  f o r c e  v a l u e  ( a b o u t  6 0 0  d a N ) .  
On i n c r e a s i n g  t h e  c o n t e n t  o f  l u b r i c a n t  t o  0 . 5 % ,  n o  m o r e  
j a m m i n g  o c c u r s ,  a n d  t h e  r e s i d u a l  f o r c e  i s  n o t a b l y  
r e d u c e d .  
H o w e v e r ,  a t  a l e v e l  o f  1 . 0  % o f  l u b r i c a n t ,  a s i g n i f i c a n t  
d e c r e a s e  i n  t a b l e t  h a r d n e s s  i s  o b s e r v e d .  
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1056 DELACOURTE ET AL. 

Compritol 8 8 8 :  
T h i s  l u b r i c a n t  i s  n o t  s o  e f f e c t i v e  a s  m a g n e s i u m  
s t e a r a t e ,  b e c a u s e  j a m m i n g  i s  o b s e r v e d  a t  v e r y  l o w  u p p e r  
p u n c h  f o r c e  v a l u e s ,  w i t h  1 %  C o m p r i t o l .  
W i t h  1 . 5  % o f  C o m p r i t o l ,  n o  j a m m i n g  i s  o b s e r v e d ,  i f  t h e  
u p p e r  p u n c h  f o r c e  r e m a i n s  u n d e r  1 5 0 0  d a N .  T h e  p r o b l e m  
a p p e a r s  o v e r  1 9 0 0  d a N .  
P e r c e n t a g e s  o v e r  2 %  h e l p  t o  a v o i d  e j e c t i o n  p r o b l e m s .  
R e s i d u a l  a n d  e j e c t i o n s  f o r c e s  a r e  n o t a b l y  r e d u c e d ,  b u t  
l e s s  t h a n  w i t h  m a g n e s i u m  s t e a r a t e .  

Precirol: 
Low p e r c e n t a g e s  o f  t h i s  l u b r i c a n t  ( 0 . 7 5  a n d  1.0 % ) ,  
g i v e  r i s e  t o  e j e c t i o n  p r o b l e m s .  
A 1 . 2 5 %  l e v e l  o f  P r e c i r o l  a l l o w s  f o r  c o m p r e s s i o n  a t  a n  
u p p e r  p u n c h  f o r c e  l o w e r  t h a n  1 7 5 0  daN.  

W i t h  h i g h e r  p e r c e n t a g e s ,  a l l  t h e  p r o b l e m s  a r e  o v e r c o m e .  
T h e  l u b r i c a n t  e f f i c i e n c y  o f  p r e c i r o l  a n d  c o m p r i t o l  a r e  
v e r y  c l o s e ,  P r e c i r o l  b e i n g  s l i g h t l y  s u p e r i o r , a s  f a r  a s  
i t s  l o w e r  r e s i d u a l  a n d  e j e c t i o n  f o r c e s  a r e  c o n c e r n e d . T h e  
h a r d n e s s  o f  t h e  t a b l e t s  o b t a i n e d  a r e  s i m i l a r  t o  t h o s e  
c o n t a i n i n g  C o m p r i t o l .  
I n  a d d i t i o n ,  P r e c i r o l  i s  p a r t i c u l a r l y  e f f e c t i v e  i n  
p a c k i n g  m i x t u r e s .  T h i s  c a n  b e  e a s i l y  s e e n  f r o m  t h e  
maximum u p p e r  p u n c h  d i s p l a c e m e n t  v a l u e  n e e d e d  t o  o b t a i n  
t h e  s a m e  c o m p r e s s i o n  f o r c e .  

P E G  4000: 
T h i s  h y d r o s o l u b l e  l u b r i c a n t  d o e s  n o t  p o s s e s s  a n  e f f i c a c y  
c o m p a r a b l e  t o  p r e v i o u s  l u b r i c a n t s  f o r  p e r c e n t a g e s  l o w e r  
t h a n  7 % .  E v e n  w h e n  t h e  u p p e r  p u n c h  f o r c e s  were  v e r y  
l o w ,  j a m m i n g  was o b s e r v e d .  

Talc : 
A t  a l e v e l  l o w e r  t h a n  5 % o f  t a l c ,  r e s i d u a l  a n d  e j e c t i o n  
f o r c e s  r e m a i n  u n v a r i e d  c o m p a r e d  w i t h  t h e  u n l u b r i c a t e d  
m i x t u r e .  M o r e o v e r  s t i c k i n g  i s  a l s o  a p r o b l e m .  
By i n c r e a s i n g  t h e  p e r c e n t a g e  o f  t a l c  i n  t h e  m i x t u r e ,  
c a p p i n g  p r o b l e m s ,  t o g e t h e r  w i t h  l u b r i c a t i o n  d e f e c t s ,  
a p p e a r .  

Lubr i t a b  : 
A p e r c e n t a g e  o f  1 % g i v e s  r i s e  t o  j a m m i n g  i f  t h e  u p p e r  
p u n c h  f o r c e  i s  h i g h e r  t h a n  6 0 0  daN.  
T n c r e a s i n g  t h e  v a l u e  t o  2 % o f  L u b r i t a b ,  n o  m o r e  j a m m i n g  
c a n  b e  n o t e d ,  e v e n  when  t h e  u p p e r  p u n c h  f o r c e  r e a c h e s  
2 0 0 0  daN.  
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LUBRICANTS USED IN TABLET TECHNOLOGY 1057 

EMCOMPRESS : 
M a g n e s i u m  s t e a r a t e :  
T h e  e f f i c a c i t y  o f  t h i s  l u b r i c a n t  i s  e v i d e n t  f r o m  t h e  0 . 5  
% l e v e l .  H o w e v e r ,  a l s o  i n  t h i s  c a s e ,  h i g h e r  p e r c e n t a g e s  
o f  m a g n e s i u m  s t e a r a t e  p r o d u c e  a n  e v i d e n t  d e c r e a s e  i n  
t a b l e t  h a r d n e s s .  

C o m p r i t o l  8 8 8  
An a m o u n t  o f  1 % o f  c o m p r i t o l  g i v e s  r i s e  t o  e j e c t i o n  
p r o b l e m s  a t  5 0 0  daN o f  u p p e r  p u n c h  f o r c e .  
I n c r e a s i n g  t h e  l e v e l  t o  1 . 5  % o f  C o m p r i t o l ,  t h e y  a p p e a r  
o v e r  7 0 0  d a N .  
2 % o f  C o m p r i t o l  i s  e n o u g h  t o  e l i m i n a t e  a l l  t h e  e j e c t i o n  
p r o b l e m s  o f  E m c o m p r e s s .  

P r e c i r o l :  
T h i s  l u b r i c a n t  s h o w s  a n  e f f e c t  s i m i l a r  t o  C o m p r i t o l .  
M i x t u r e s  c o n t a i n i n g  1 % o f  P r e c i r o l  a r e  s u b j e c t  t o  
j a m m i n g  o n l y  o v e r  7 0 0  daN o f  c o m p r e s s i o n  f o r c e ,  b u t  1 . 5  
% o f  P r e c i r o l  i s  e n o u g h  t o  e l i m i n a t e  e j e c t i o n  p r o b l e m s .  
A l s o  P r e c i r o l  s h o w s  a n e g a t i v e  e f f e c t  o n  t a b l e t  
h a r d n e s s ,  b u t  i t s  r a t i n g  i s  j u s t  b e t w e e n  M a g n e s i u m  
s t e a r a t e  a n d  C o m p r i t o l .  

PEG : 
T h i s  p r o d u c t  p r o v e s  i n e f f e c t i v e  e v e n  i f  t h e  a m o u n t  i s  a s  
h i g h  a s  7 %. A t  t h i s  p e r c e n t a g e ,  t h e  l u b r i c a t i o n  
p r o b l e m s  a r e  j u s t  s l i g h t l y  r e d u c e d  c o m p a r e d  t o  t h e  v a l u e  
o f  s e i z i n g ,  f o r c e  o b t a i n e d  w i t h  l a c t o s e  FF.  

T a l c  : 
T h e  s a m e  o b s e r v a t i o n s  c a n  b e  made  a s  w i t h  l a c t o s e :  a 5 % 
p e r c e n t a g e  d o e s  n o t  s i g n i f i c a n t l y  i m p r o v e  t h e  
c o m p r e s s i b i l i t y  o f  E M c o m p r e s s .  T a b l e t s  s h o w  e v i d e n c e  o f  
j a m m i n g ,  e v e n  a t  a n  u p p e r  p u n c h  f o r c e  l o w e r  t h a n  5 5 0  
daN.  

T h e  p r o c e d u r e  p r o p o s e d  m a k e s  i t  p o s s i b l e  t o  d e t e r m i n e  
€ o r  e a c h  m i x t u r e  t h e  " l i m i t  o €  i n d u s t r i a l  s u i t a b i l i t y "  
i n  r e l a t i o n  t o  t h e  a m o u n t  o f  l u b r i c a n t  u s e d .  
F o r  e x a m p l e ,  o n  t h e  b a s i s  o f  t h i s  v a l u e , a  m i x t u r e  o f  
L a c t o s e  F a s t  F l o  a n d  0 . 2 5  % o f  m a g n e s i u m  s t e a r a t e  i s  n o t  
s a f e l y  l u b r i c a t e d .  No p r o b l e m s  o c c u r  a t  0 . 5  % o f  t h i s  
l u b r i c a n t .  T h i s  q u a n t i t y  c a n  b e  d e f i n e d  a s  " n e c e s s a r y  
a n d  s u f f i c i e n t " ,  b e c a u s e  we o b s e r v e  a d e c r e a s e  i r .  C I  
when  t h e  l u b r i c a n t  i s  i n c r e a s e d  t o  1 %  w i t h o u t  a n y  
i m p r o v e m e n t  i n  t h e  e j e c t i o n  p e r f o r m a n c e .  On t h e  
c o n t r a r y ,  a l e v e l  o f  0 . 2 5 %  o f  m a g n e s i u m  s t e a r a t e  i s  
s u f f i c i e n t  i n  t h e  c a s e  o f  E m c o m p r e s s .  
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T h e  l i m i t  v a l u e  f o u n d  f o r  T a l c ,  o f t e n  u s e d  i n  
f o r m u l a t i o n  f o r  i t s  a n t i - s t i c k i n g  e f f e c t ,  i s  i n e f f e c t i v e  
a g a i n s t  e j e c t i o n  p r o b l e m s .  
M o r e o v e r  t h e r e  i s  n o  c o r r e l a t i o n  b e t w e e n  e j e c t i o n  
p r o b l e m s  a n d  t h e  r a t i o  R = Y 2 / Y l .  T h e  v a l u e s  o f  R a r e  
a l w a y s  e x c e l l e n t ,  e v e n  i f  t h e r e  a r e  e j e c t i o n  p r o b l e m s  
( L a c t o s e  F F  + 0 . 2 5  X m a g n e s i u m  s t e a r a t e ,  L a c t o s e  F F  + 7 
% PEG 4 0 0 0 ,  E m c o m p r e s s  + 1 % L u b r i t a b  a r e  e x a m p l e s ) .  

A n o t h e r  r e m a r k  c a n  b e  made  o n  C I  v a l u e s :  g e n e r a l l y  t h i s  
i n d e x  d e c r e a s e s  a s  t h e  l u b r i c a n t  a m o u n t  i n c r e a s e s ;  b u t ,  
i n  t h e  c a s e  o f  L a c t o s e  + C o m p r i t o l ,  s i m i l a r  C I  v a l u e s  
w i t h  1 % ( 6 . 2  daN o f  h a r d n e s s )  a n d  1 . 5  % ( 1 5 . 1  daN o f  
h a r d n e s s )  a r e  t o  b e  o b s e r v e d .  T h i s  i s  a t y p i c a l  e x a m p l e  
o f  t h e  i n t e r e s t  o f  C I  w h i c h  a c c o u n t s  f o r  t h e  e f f e c t s  o f  
t h e  l u b r i c a n t  o n  d e c r e a s i n g  t h e  r e s i s t a n c e  t o  
c o m p r e s s i o n ,  t a k i n g  i n t o  a c c o u n t  a t  t h e  s a m e  t i m e  t h e  
i n f l u e n c e  o n  c o h e s i o n .  

C o m p a r i n g  t h e  v a l u e s  o f  l u b r i c a n t  p e r c e n t a g e ,  f o r c e  
l i m i t  f o r  s e i z i n g ,  r e s i d u a l  a n d  e j e c t i o n  f o r c e s  a n d  
t a b l e t  c r u s h i n g  s t r e n g t h ,  l u b r i c a t i o n  i s  o b t a i n e d  
d i f f e r e n t l y  f o r  m a g n e s i u m  s t e a r a t e ,  t h e  g r o u p  o f  
C o m p r i t o l ,  P r e c i r o l  a n d  L u b r i t a b ,  a n d  T a l c  a n d  PEG 4 0 0 0 .  
T h e  e f f e c t i v e n e s s  o f  m a g n e s i u m  s t e a r a t e  a t  l o w  l e v e l  
c o n f i r m e s  t h e  c a p a c i t y  o f  t h i s  p r o d u c t  t o  s p r e a d  o v e r  
t h e  e x c i p i e n t  p a r t i c l e s ,  d u e  t o  i t s  c r y s t a l  
c h a r a c t e r i s t i c s .  M o r e o v e r  i t s  a b i l i t y  t o  m i x  i n  a n  
o r d e r l y  way i s  a l s o  w e l l  k n o w n .  T h e  o t h e r  l u b r i c a n t s  
t e s t e d  c a n  r e a c h  c o m p a r a b l e  e f f e c t i v e n e s s ,  b u t  t h i s  
h a p p e n s  a t  a c o n c e n t r a t i o n  l e v e l  h i g h e r  t h a t  f o r  
m a g n e s i u m  s t e a r a t e .  T h e s e  o b s e r v a t i o n s  d e r i v e  f r o m  t h e  
f a c t  t h a t  m a g n e s i u m  s t e a r a t e  e v e n  a t  a 0 . 5 %  
c o n c e n t r a t i o n  a l l o w s  f o r  t h e  c o m p r e s s i o n  o f  l a c t o s e  a t  
2 0 0 0 d a N  w i t h  a n  e j e c t i o n  f o r c e  o f  6 3  d a N .  I f  t h e  
c o m p a r i s o n  i s  made  o n l y  o n  t h e  b a s i s  o f  l u b r i c a n t  l e v e l ,  
t h e  s u p e r i o r i t y  o f  t h i s  l a s t  l u b r i c a n t  r e s u l t s  c l e a r .  
H o w e v e r ,  e x t e n d i n g  t h e  c o m p a r i s o n  t o  e j e c t i o n  f o r c e  a n d  
m e c h a n i c a l  q u a l i t y  o f  t h e  t a b l e t s ,  P r e c i r o l ,  u s e d  w i t h  
l a c t o s e ,  s h o w s  s o m e  i n t e r e s t i n g  f e a t u r e s .  T h e  
s u b s t a n t i a l  i n c r e a s e  i n  l u b r i c a n t  c o n c e n t r a t i o n  r e d u c e s  
t h e  r e s i s t a n c e  t o  e j e c t i o n ,  k e e p i n g  t h e  c r u s h i n g  
s t r e n g t h  o f  t a b l e t  i n a l t e r e d .  T h e  s a m e  c a n  b e  o b s e r v e d  
w i t h  C o m p r i t o l  u s e d  f o r  l u b r i c a t i n g  E m c o m p r e s s .  
T h e  d e f i c i e x c y  o f  T a l c  a n d  PEG i s  c l e a r l y  r e v e a l e d  by  
t h e  j a m m i n g  m e t h o d  a d o p t e d .  

C O N C L U S I O N  

T h e  g o a l  o f  t h e  p r o d u c e r  i s  t o  c o m p r e s s  t h e  p o w d e r  
w i t h o u t  l u b r i c a t i o n  p r o b l e m s  t h a t  c a n  a f f e c . t  
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productivity. Among the various methods of lubricant 
evaluation, the one presented here has the advantage of 
indicating the force limit to be used according to the 
particularities of the formula. The force level that 
gives rise to machine jamming represents a new and 
powerful tool for tabletting optimization.Moreover the 
procedure makes it possible to collect data o n  the 
ejection phase of compression in a reliable manner and 
close to the manufacturing reality of tabletting. 
The "jamming method'' helps in tablet formulation as 
follows: 
- firstly the value of "jamming force limit" immediately 
makes the selection of the lubricant effective for the 
material to be compressed. At the same time, the 
effective percent of lubricant t o  be used is indicated. 
- secondly, among the selected lubricants, the final 
choice is made on the basis of the minimal ejection 
f o r c e  v a l u e  and s a t i s f a c t o r y  m e c h a n i c a l  (and 
biopharmaceutical) properties. 
The measure of compression force limit at which damage 
of the machine can occur, is certainly a new t o o l  i n  the 
studies o n  lubricants. The force level, under which no 
lubrication problems arise, is a piece of knowledge that 
can lead to further discoveries on the mechanism of 
lubrication f o r  various products. 
A n a l y s i s  of d a t a  in o r d e r  to t r a n s f o r m  a l l  this 
information into indications on lubricant mechanism is 
now under way. 
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