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ABSTRACT 

Some f r i c t i o n a l  p r o p e r t i e s  of  t a b l e t  l u b r i c a n t s  were de- 

termined. The f r i c t i o n  c o e f f i c i e n t s  and t h e  adhesion f o r c e s  

of  s i x  l u b r i c a n t s  were eva lua ted  by t h e  method proposed p rev i -  

ously.  The e j e c t i o n  f o r c e  a g a i n s t  t h e  r a d i a l  f o r c e  f o r  each 

l u b r i c a n t  y i e lded  a s t r a i g h t  l i n e  through t h e  o r i g i n ,  so t h a t  

t h e  adhesion f o r c e s  of  t h e s e  l u b r i c a n t s  were e s t ima ted  t o  be 

almost zero.  A l l  l u b r i c a n t s  had low f r i c t i o n  c o e f f i c i e n t s  when 

they  alone were compressed. The va lue  f o r  metal  s tearate  was 

t h e  s m a l l e s t  and t h a t  f o r  t a l c  was t h e  l a r g e s t .  The a f f i n i t y  

of  t h e  l u b r i c a n t s  t o  t h e  d i e  w a l l ,  another  important  p rope r ty  

of  t h e  l u b r i c a n t s ,  was also determined. Af t e r  t h e  d i e  w a l l  

w a s  condi t ioned by t h e  t a b l e t i n g s  of each l u b r i c a n t  a l o n e ,  t h e  

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

o u t .  The i n c r e a s i n g  r a t e  of e j e c t i o n  fo rce  i n  t h e  condi t ioned 

d i e  i n  a ser ia l  t a b l e t i n g  was d i f f e r e n t  f o r  every p re t r ea tmen t  
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846 KIKUTA AND KITAMORI 

o f  each l u b r i c a n t .  The a f f i n i t y  of magnesium s t e a r a t e  t o  t h e  

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

I N T R O D U C T I O N  

I t  has p rev ious ly  been proposed a novel method f o r  es t i -  

mating t h e  f r i c t i o n  between a t a b l e t  and a d i e  w a l l  i n  t h e  

t a b l e t  e j e c t i o n  p rocess  ( 1 ) .  I n  t h e  t a b l e t  formulat ion l u -  

b r i c a n t s  a r e  commonly used t o  reduce t h e  f r i c t i o n  between a 

t a b l e t  and a d i e  w a l l ,  and t o  prevent  t h e  adhesion between a 

t a b l e t  and punch s u r f a c e s .  It  is  e m p i r i c a l l y  known t h a t  mag- 

n e s i u m  s t e a r a t e  has s u p e r i o r  p r o p e r t i e s ,  so t h a t  magnesium 

s t e a r a t e  i s  commonly chosen as a l u b r i c a n t  i n  t h e  pharmaceuti- 

cal  p r e p a r a t i o n s .  However, l i t t l e  information has been pre- 

s en ted  f o r  t h e  f r i c t i o n  p r o p e r t i e s  of magnesium s t e a r a t e  as 

w e l l  as  f o r  o t h e r  l u b r i c a n t s  ( 2 , 3 , 4 ) .  The purpose of t h i s  

paper i s  t o  determine some f r i c t i o n a l  p r o p e r t i e s  o f  t a b l e t  

l u b r i c a n t s  by t h e  method p rev ious ly  proposed. 

EXPERIMENTAL 

Procedure 

The apparatus  used w a s  i d e n t i c a l  with t h a t  desc r ibed  i n  

t h e  previous s t u d i e s  ( I ) .  Each l u b r i c a n t  was compressed i n  

t h e  d i e  on a p h y s i c a l  t e s t i n g  instrument  (Autograph IS-5000, 

Shimadzu Seisakusho Ltd.)  a t  1500kg/sq.cm of compressional 

f o r c e .  The punch and d i e  assembly i n  which t h e  compact of 

t h e  l u b r i c a n t  was held s t a t i o n a r y  was t r a n s f e r r e d  t o  t h e  space 

i n  t h e  apparatus .  The e j e c t i o n  f o r c e  f o r  t h e  compact was 

measured while  t h e  r a d i a l  fo rce  was monitored s imultaneously.  

The cond i t ions  of  t h e  o p e r a t i o n  used w e r e  a s  fol lows;  

The s t r a i n  ra te  f o r  compression : 50mm/min. 
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FRICTIONAL PROPERTIES OF TABLET LUBRICANTS 847 

The maximum compress iona l  f o r c e  : 1500kg/sq.cm. 

The s t r a i n  r a t e  f o r  e j e c t i o n  : 5mm/min. 

The die-punch assembly : 10mm f l a t - f a c e d .  

The w i g h t  o f  sample : 400mg. 

I n  ano the r  case, t h e  e j e c t i o n  f o r c e  w a s  measured w i t h o u t  

s imul taneous  measurement o f  r a d i a l  f o r c e  t o  e v a l u a t e  t h e  f r i c -  

t i o n  between t h e  d i e  w a l l  and l u b r i c a n t s  o r  o t h e r  m a t e r i a l s .  

I n  t h i s  c a s e ,  t h e  i d e n t i c a l  m a t e r i a l  w a s  compressed a t  a de- 

f i n i t e  compress iona l  f o r c e ,  so t h a t  t h e  r a d i a l  f o r c e  deve loped  

would be t h e  same. 

M a t e r i a l s  

Magnesium s t e a r a t e  J . P .  (sakai-kagaku C o . )  , calcium stea- 

ra te ,  s t e a r i c  a c i d  (Wako Pure  Chemical I n d .  L t d . )  , Lubri-wax 

(hydrogenated v e g i t a b l e  o i l ,  Freud Ind .  C o .  L t d . ) ,  t a l c  J .P .  

(Nihon T a l c  C o . )  and c o r n  s t a r c h  J .P .  (Nihon Corns t a rch  C O . )  

were used  as l u b r i c a n t s .  Lactose g r a n u l a t e s  were p repa red  

by massing l a c t o s e  J . P .  (D.M.V. ,  Hol land)  w i t h  15%w/w aqueous 

s o l u t i o n  o f  hydroxypropyl  c e l l u l o s e  J . P .  (Nippon Soda C o .  L td . )  

and 3%w/w b i n d e r  was con ta ined  i n  t h e  f i n a l  g r a n u l a t e s .  The 

d r i e d  g r a n u l a t e s  w e r e  pas sed  th rough  a 32 mesh s ieve .  The 

blended mix tu res  were o b t a i n e d  by mixing g r a n u l a t e s  and l u b r i -  

c a n t  i n  a V-shape mixer  ( 5 - l i t r e ,  Pa t t e r son-Ke l ly ,  U.S.A.) . 

RESULTS AND DISCUSSION 

F r i c t i o n  c o e f f i c i e n t s  o f  l u b r i c a n t s  

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

f o r  some l u b r i c a n t s  a r e  shown i n  F ig .  1 .  For each  l u b r i c a n t ,  

a graph  of  t h e  e j e c t i o n  f o r c e  (Fe)  a g a i n s t  t h e  r a d i a l  f o r c e  ( F r )  

y i e l d e d  a s t r a i g h t  l i n e  th rough  t h e  o r i g i n .  The f r i c t i o n  coe f -  
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848 KIKUTA AND KITAMORI 
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Fig.1 R e l a t i o n s h i p  between t h e  e j e c t i o n  and rad ia l  f o r c e s  

f o r  t h e  compacts o f  some l u b r i c a n t s .  

f i c i e n t  and t h e  adhes ion  f o r c e  can  be o b t a i n e d  from t h e  e q u a t i o n ,  

Fe = pFr + C 

where Fe i s  t h e  e j e c t i o n  f o r c e ,  F r  i s  t h e  r a d i a l  f o r c e ,  1-1 and C 

a r e  t h e  f r i c t i o n  c o e f f i c i e n t  and t h e  adhes ion  f o r c e  r e s p e c t i v e l y  

(1 ) .  The r e s u l t s  a r e  l i s t e d  i n  Tab le  1. S i n c e  t h e  s t r a i g h t  

l i n e s  were th rough  t h e  o r i g i n ,  t h e  adhes ion  f o r c e s  o f  t h e s e  lu -  

b r i c a n t s  were e s t i m a t e d  t o  be a lmost  z e r o .  Metal s t e a r a t e s  

such  as magnesium s t e a r a t e  have t h e  smallest f r i c t i o n  c o e f f i c i -  

e n t .  On t h e  o t h e r  hand, t h e  f r i c t i o n  c o e f f i c i e n t  of  t a l c  was 

t h e  l a r g e s t ,  fo l lowed by t h a t  of  c o r n  s t a r c h .  T a l c  may behave 

as r a t h e r  an a n t i a d h e r e n t  t h a n  l u b r i c a n t  ( 5 ) .  

T r a i n  r e p o r t e d  t h e  r e l a t i o n s h i p  between o r i e n t a t i o n  and 

s h e a r  s t r e n g t h  f o r  t a l c  ( 2 ) .  And L e w i s  also measured t h e  

s h e a r  s t r e n g t h  f o r  some metal s a l t s  of s tear ic  acid ( 3 ) .  A s  

a l r e a d y  mentioned,  t h e s e  measurements were c a r r i e d  o u t  w i thou t  
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FRICTIONAL PROPERTIES OF TABLET LUBRICANTS 84 9 

Tab le  1 F r i c t i o n  c o e f f i c i e n t s  o f  some l u b r i c a n t s .  

L u b r i c a n t  F r i c t i o n  c o e f f i c i e n t  

T a l c  

Corn s t a r c h  

Lubr i -w ax 

S t e a r i c  a c i d  

Magnesium s t e  ar a t e  

C a l c i u m  stearate 

0.25 

0.13 

0 .09  

0.08 

0.04 

0 .04  

d e t e r m i n a t i o n  o f  t h e  r a d i a l  f o r c e s .  I t  i s  no ted ,  however, 

t h a t  t h e  r a n k i n g  o f  t h e  v a l u e s  o f  magnesium s t e a r a t e ,  ca l c ium 

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

r e p o r t s  c o i n c i d e  w i t h  t h o s e  o f  o u r  r e s u l t s .  T h i s  may be  be- 

cause  t h e  v e r y  s m a l l  r a d i a l  f o r c e  was developed d u r i n g  t h e  

compression o f  l u b r i c a n t  a l o n e .  

A f f i n i t y  o f  l u b r i c a n t s  t o  t h e  d i e  w a l l  

Another  impor t an t  p r o p e r t y  o f  l u b r i c a n t s  i s  t h e i r  a f f i n i t y  

t o  t h e  d i e  w a l l .  The r i g i d  adhes ion  of t h e  l u b r i c a n t  t o  t h e  

d i e  w a l l  should  imply an e f f e c t i v e  l u b r i c a t i o n .  I n  o r d e r  t o  

de t e rmine  t h e  d e g r e e  o f  l u b r i c a n t  a f f i n i t y  t o  t h e  d i e  w a l l ,  

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

i n  t h e  d i e  c o n d i t i o n e d  by t h e  p r e l i m i n a r y  t a b l e t i n g  of  e a c h  

l u b r i c a n t  a lone .  F ig .2  shows t h e  change i n  e j e c t i o n  f o r c e  

w i t h  i n c r e a s i n g  t a b l e t i n g  number, where t h e  r e l a t i o n  between 

t h e  e j e c t i o n  f o r c e  and t a b l e t i n g  number was employed s i n c e  t h e  

i d e n t i c a l  g r a n u l a t e s  were compressed. The i n c r e a s i n g  rates 

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

l a c t o s e  g r a n u l a t e s  a f t e r  t a b l e t i n g  o f  each  l u b r i c a n t  w e r e  d i f -  
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850 KIKUTA AND KITAMORI 

Fig .  2 

0 5 10 15 
Tableting number 

Change i n  e j e c t i o n  f o r c e  i n  s e r i a l  t a b l e t i n g s  o f  

l u b r i c a t e d  l a c t o s e  g r a n u l a t e s  a f t e r  t a b l e t i n g  o f  

l u b r i c a n t .  

un- 

each  

f e r e n t  f o r  e v e r y  p r e t r e a t m e n t  of  each  l u b r i c a n t .  The l u b r i -  

c a t i o n  e f f e c t  o f  t a l c  o r  c o r n  s t a r c h  was l o s t  by s e v e r a l  t a b -  

l e t i n g s  of  l a c t o s e  g r a n u l a t e s .  On t h e  o t h e r  hand,  t h e  l u b r i -  

c a t i o n  e f f e c t  o f  magnesium s t e a r a t e  was ma in ta ined  even  a f t e r  

t e n  o r  more t a b l e t i n g s  o f  g r a n u l a t e s .  

The a f f i n i t y  o f  magnesium s t e a r a t e  t o  t h e  d i e  w a l l  was 

s u p e r i o r  t o  t h a t  of calcium s t e a r a t e ,  where t h e  f r i c t i o n  

c o e f f i c i e n t s  of b o t h  magnesium and ca l c ium s t e a r a t e  were n e a r l y  

e q u a l  t o  each  o t h e r  as s e e n  i n  Tab le  1 .  The a p p a r e n t  l a r g e r  

a f f i n i t y  o f  magnesium s t e a r a t e  t h a n  ca l c ium s t e a r a t e  t o  t h e  

d i e  w a l l  may be a t t r i b u t e d  t o  smaller pr imary  p a r t i c l e  s i z e  o f  

magnesium s t e a r a t e  t h a n  t h a t  o f  ca l c ium s t e a r a t e .  O r  magne- 

sium s a l t  i t s e l f  may have i n t r i n s i c a l l y  g r e a t e r  a f f i n i t y  t o  
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FRICTIONAL PROPERTIES OF TABLET LUBRICANTS 85 1 

t h e  meta l l ic  d i e  w a l l  t h a n  calcium s a l t .  The s t r o n g  a f f i n i t y  

o f  magnesium and ca lc ium s t e a r a t e  t o  t h e  d i e  w a l l  seems t o  be 

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

f r i c t i o n  c o e f f i c i e n t  and p r a c t i c a l l y  no adhes ion  f o r c e .  The 

s t r o n g  a f f i n i t y  o f  b o t h  magnesium and ca lc ium stearate t o  t h e  

d i e  w a l l  must r e s u l t  i n  t h e  p re sence  o f  adhes ion  f o r c e  i n  t h e  

f r i c t i o n  exper iment .  However , no adhes ion  f o r c e  w a s  obse rved  

i n  t h e  f r i c t i o n a l  exper iment .  When t h e  compact o f  t h e  l u b r i -  

c a n t  be ing  t e s t e d  i s  e j e c t e d ,  a mono- o r  m u l t i - l a y e r  f i l m  o f  

t h e  l u b r i c a n t  w i l l  be l e f t  on t h e  s u r f a c e  o f  t h e  d i e  w a l l .  

The phenomenon i s  r e a s o n a b l e  s i n c e  it i s  though t  t h a t  magne- 

sium s t e a r a t e  i s  a bondary t y p e  l u b r i c a n t  ( 5 ) .  The adhes ion  

f o r c e  measured i n  t h e  exper iment  must cor respond t o  t h e  adhe- 

s i o n  between l u b r i c a n t  p a r t i c l e s  and n o t  between l u b r i c a n t  and 

t h e  d i e  w a l l .  The same phenomenon w i l l  o c c u r  w i t h  t h e  com- 

p r e s s i o n  o f  no t  o n l y  l u b r i c a n t  a lone  bu t  g r a n u l a t e s  as w e l l .  

E f f e c t  o f  l u b r i c a n t  on f r i c t i o n  p r o p e r t i e s  o f  blended m i x t u r e s  

The appa ren t  b ind ing  was observed  on t h e  s u r f a c e  o f  t h e  

d i e  w a l l  a f t e r  some s e r i a l  t a b l e t i n g s  of  g r a n u l a t e s  a l o n e .  

Hblzer  r e p o r t e d  t h a t  l u b r i c a n t s  lowered t h e  f r i c t i o n  c o e f f i -  

c i e n t s  o f  N a C l  ( 4 ) .  Magnesium s t e a r a t e  was t h e  most e f f i c i -  

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

The r e s u l t s  of the f r i c t i o n  exper iments  f o r  t h e  blended 

mix tu re  of l a c t o s e  g r a n u l a t e s  w i t h  magnesium s t e a r a t e  a t  0 . 1 ,  

0 . 3 ,  and 0 . 5 %  l e v e l s  are shown i n  F ig .3 .  With t h e  u n l u b r i -  

c a t e d  g r a n u l a t e s  n o t  o n l y  an e q u i l i b r i u m  v a l u e  f o r  e j e c t i o n  

f o r c e  d u r i n g  t h e  s e r i a l  t a b l e t i n g s  w a s  no t  o b t a i n e d  b u t  a l s o  

t h e  b i n d i n g  occured  a f t e r  a few s e r i a l  t a b l e t i n g s .  On t h e  

o t h e r  hand, w i t h  t h e  b lended  mix tu res  an e q u i l i b r i u m  s ta te  i n  

t h e  e j e c t i o n  f o r c e  was o b t a i n e d  a f t e r  s e v e r a l  t a b l e t i n g s .  
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Fig.3 Change i n  e j e c t i o n  f o r c e  i n  s e r i a l  t a b l e t i n g s  of blended 

mixtures  ( 0 . 1 ,  0.3 and 0 . 5 %  magnesium s t e a r a t e )  i n  t h e  

c l e a n  d i e  o r  i n  t h e  condi t ioned d i e  obtained by nine 

s e r i a l  t a b l e t i n g s  of  un lub r i ca t ed  l a c t o s e  g r a n u l a t e s .  

I t  i s  c l e a r  t h a t  t h e  a d d i t i o n  of t h e  l u b r i c a n t  lowered t h e  

f r i c t i o n  c o e f f i c i e n t  and t h e  adhesion fo rce .  E s p e c i a l l y  t h e  

r educ t ion  i n  t h e  adhesion f o r c e  by l u b r i c a n t  a d d i t i o n  was 

d r a s t i c .  Not only t h e  l u b r i c a n t  m a t e r i a l s  but  a l s o  t h e i r  

concen t r a t ion  and mixing t ime may a f f e c t  t h e  f r i c t i o n a l  pro- 

p e r t i e s  of blended mixtures .  The va lues  of t h e  f r i c t i o n  co- 

e f f i c i e n t s  and t h e  adhesion f o r c e s  evaluated a t  s i x t h  t a b l e t -  

i n g s  a r e  summarized i n  Table 2 .  

When t h e  l a c t o s e  g ranu la t e s  w i th  d i f f e r e n t  concen t r a t ions  

of magnesium s t e a r a t e  were compressed s e r i a l l y  i n  t h e  condi- 

t i oned  d i e  which was ob ta ined  by t h e  n ine  s e r i a l  t a b l e t i n g s  

of l a c t o s e  g ranu la t e s  a lone ,  t h e  e j e c t i o n  f o r c e  decreased 
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T a b l e  2 The e f f e c t  of l u b r i c a n t  mater ia ls ,  c o n c e n t r a t i o n ,  and 

m i x i n g  t i m e  o n  t h e  f r i c t i o n  c o e f f i c i e n t  and t h e  

a d h e s i o n  force f o r  t h e  b l e n d e d  m i x t u r e s .  

L u b r i c a n t  Mix ing  F r i c t i o n  Ad h e s  i o n  

Material Conc. ( % )  Time (min)  C o e f f i c i e n t  F o r c e  (kg / sq . cm)  

Magnesium 0.1 
s tearate  

0 . 3  

0 . 5  

S t e  a r i  c 0 .8  

2 .0  

4.0 

T a l c  1 . o  

2.0 

4.0 

acid 

1 

1 0  

30 

1 

1 0  

30 

1 

1 0  

30 

1 0  

10  

1 0  

1 0  

1 0  

1 0  

0 . 2 5  

0 . 2 3  

0 . 1 8  

0 .22  

0 .17  

0 . 1 2  

0 .15 

0 . 0 9  

0 .08  

0 . 2 3  

0 . 1 7  

0 . 1 0  

0 . 4 8  

0 .38  

0 .26  

1 0  

8 

4 

5 

3 

2 

3 

1 

0 

8 

4 

1 

23 

1 4  

8 

w i t h  t h e  t a b l e t i n g s  and approached  a c o n s t a n t  v a l u e  as shown 

i n  F i g . 4 .  The v a l u e s  depended  upon t h e  c o n c e n t r a t i o n  of 

magnesium s tearate .  The v a l u e s  were a b o u t  lSkg / sq . cm a t  

0 .35% of magnesium s t ea ra t e  and a b o u t  25kg/sq.cm a t  0 . 1 %  

which  were r e a c h e d  a f t e r  t e n  or  more s e r i a l  t a b l e t i n g s .  

When t h e  b l e n d e d  m i x t u r e  w a s  compressed  i n  t h e  c l e a n  d i e  as 
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Fig .4  Change i n  e j e c t i o n  f o r c e  i n  s e r i a l  t a b l e t i n g s  o f  b l ended  

m i x t u r e s  (0 .1  and 0 . 3 %  magnesium s t e a r a t e )  a f t e r  n i n e  

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

shown i n  F i g . 3 ,  t h e  e j e c t i o n  f o r c e  also approached a c o n s t a n t  

v a l u e  which was o b t a i n e d  by t h e  t a b l e t i n g  o f  t h e  m i x t u r e  i n  

t h e  c o n d i t i o n e d  d i e .  These r e s u l t s  s u g g e s t e d  t h a t  t h e  com- 

p r e s s i o n  and e j e c t i o n  of  t h e  b lended  m i x t u r e  i n  a d i e  w i l l  be  

e q u i l i b r i u m  phenonena of  a b s o r p t i o n  and d e s o r p t i o n  of  t h e  gra-  

n u l a t e  and l u b r i c a n t  p a r t i c l e ; ;  t o  t h e  d ie  w a l l  s u r f a c e .  
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