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ABSTRACT 

O f  t h e  t h r e e  e s s e n t i a l  f u n c t i o n s  of t a b l e t  

l u b r i c a n t s ,  o n l y  t h e  t r u e  l u b r i c a n t  and g:Lid.int 

p r o p e r t i e s  have been  s t u d i e d  i n  d e t a i l  by o b j e c t i v e  

means. Only r e c e n t l y  h a s  i n s t r u m e n t a t i o n  which 

p e r m i t s  t h e  o b j e c t i v e  measurement of t h e  a n t i a d h e s i o n  

a c t i v i t y  i n  a r o t a r y  t a b l e t  p r e s s  been deve loped .  

Using a ro t a . ry  p r e s s  in s t rumen ted  t o  measure t h e  

a d h e s i o n  of t a b l e t s  t o  t h e  lower punch f a c e ,  t h i s  

s tudy  f o c u s e s  on t h e  a d h e s i o n  of  t a b l e t s  .in two d i r e c t  

compress ion  sys tems.  A t  any  g i v e n  compress ion  f o r c e ,  

adhes ion  of 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  t a b l e t s  

l u b r i c a t e d  w i t h  ma.gnesium s t e a r a t e  appea red  t o  

d e c r e a s e  w i t h  i n c r e a s e s  i n  b l e n d i n g  t i m e  o r  i n t e n s i t y  

of b lending . .  Over a t h ree -hour  runn ing  t i m e ,  a d h e s i o n  

f o r c e  was found t o  i n c r e a s e  t o  peak v a l u e s  and t h e n  t o  

d e c l i n e  w i t h  b o t h  m i c r o c r y s t a l l i n e  c e l l u l l o s e  and 
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238 MITREVEJ AND AUGSBURGER 

hydrous lactose l u b r i c a t e d  w i t h  magnesium stearate.  

However, e j e c t i o n  f o r c e s  d e c r e a s e d  g r a d u a l l y  t o  

a p p a r e n t l y  l i m i t i n g  v a l u e s  i n  each  case. The a d h e s i o n  

of t a b l e t s  t o  t h e  lower  punch f a c e  appea red  t o  be  

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

w a l l  i n t e r f a c e .  S t u d i e s  comparing l u b r i c a t e d  and 

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

oppos ing  e f f e c t s  on t a b l e t  adhes ion :  (1) enhancing  

adhes ion  due  t o  a n  i n c r e a s e d  r e a c t i o n  a t  t h e  lower  

punch r e s u l t i n g  from reduced  d i e  w a l l  f r i c t i o n ;  and ,  

( 2 )  r e d u c i n g  t h e  a d h e s i o n  o f  t a b l e t s  v i a  t h e  " a n t i -  

a d h e r e n t "  e f f e c t .  A t  t h e  l u b r i c a n t  l e v e l s  s t u d i e d ,  

s tear ic  a c i d  g e n e r a l l y  appeared  t o  be  less e f f i c i e n t  

t h a n  magnesium stearate i n  r e d u c i n g  b o t h  t h e  a d h e s i o n  

and e j e c t i o n  f o r c e s  i n  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  

b l e n d s .  However, w i t h  hydrous l a c t o s e  b l e n d s ,  t h e  

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

acid appea red  t o  be g r e a t e r  t h a n  t h o s e  of  magnesium 

stearate a t  t h e  1 . 0 0 %  l e v e l  of a d d i t i o n .  

INTRODUCTION 

The t a b l e t  l u b r i c a n t  i s  one  o f  t h e  most  e s s e n t i a l  

e x c i p i e n t  components i n  t a b l e t  f o r m u l a t i o n .  Three  

fundamenta l  f u n c t i o n s  of  l u b r i c a n t s  i n  t a b l e t i n g  have 

been  r ecogn ized :  (1) r e d u c i n g  f r i c t i o n  a t  t h e  

t a b l e t  - d i e  w a l l  i n t e r f a c e  ( t r u e  l u b r i c a n t  a c t i v i t y ) ,  

( 2 )  f a c i l i t a t i n g  t h e  f l o w  of powders o r  g r a n u l a t i o n s  

( g l i d a n t  a c t i v i t y ) ,  and ( 3 )  p r e v e n t i n g  t h e  adhe rence  
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ADHESION OF TABILETS 239 

of  powders t o  t h e  punches and d i e  ( a n t i a d h e r e n t  

( a c t i v i t y ) .  A. v a s t  number o f  s t u d i e s  f o c u s i n g  on  t h e  

t r u e  1ubr i can . t  and g l i d a n t  a c t i v i t i e s  o f  l u b r i c a n t s  

have been pukl l ished.  However, o n l y  r e c e n t l y  has t h e  

i n s t r u m e n t a t i o n  become a v a i l a b l e  t o  measure t h e  a n t i -  

adhes ion  a c t i . v i t y  of  l u b r i c a n t .  

The d e t a . i l s  of t h e  i n s t r u m e n t a t i o n  fo.r  measur ing  

t a b l e t .  adhesi .on i n  a r o t a r y  p r e s s  have been  p r e v i o u s l y  

d e s c r i b e d  (1) . I n  t h i s  i n s t r u m e n t a t i o n ,  t h e  a d h e s i o n  

of t a b l e t s  t o  t h e  lower punch f a c e  i s  measured by 

mea.ns of a s t r a i n  gauged c a n t i l e v e r  beam a f f i x e d  t o  

t h e  f e e d  frame i n  f r o n t  of t h e  sweep-off b l a d e .  

Tab1et.s a r e  de t ached  from t h e  lower  punch 'by s t r i l k i n g  

t h e  i r i s t rumented  beam. The a d h e s i o n  f o r c e  i s  t h e  

t o t a l  sweep-off f o r c e  measured by t h e  beam less  t h a t  

due t o  t h e  momentum of t h e  t a b l e t .  The e f f e c t  o f  

compress ion  fiorce,  tab:Let d imens ions ,  magnesium 

s tearate  conc:entrat . ion and g r a d e  of magnesium 

s t e a r a t e  on t h e  a d h e s i o n  f o r c e  of t a b l e t s  'was i n v e s -  

t i g a t e d  (1) . Generall ly,  i n c r e a s i n g  compress ion  f o r c e ,  

o r  d e c r e a s i n g  magnesium s t e a r a t e  c o n c e n t r a t i o n  caused  

i n c r e a s i n g  adhes ion  i n  c o m p r e s s i b l e  s u g a r ,  micro-  

c r y s t a l l i n e  c e l l u l o s e  and hydrous  l a c t o s e  d i r e c t :  

compress  i o n  1: i 11 e r si . llli t h  m i c  r o c r  y s t a  1 1 i ne c e 1 1.u l o  s e 

l u b r i c a t e d  w i t h  0.1.0% magnesium s t e a r a t e ,  adhesi-on 

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

c o n s t a n t  compress ion  f o r c e .  I n c r e a s e s  i n  t a b l e t :  
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240 MITREVEJ AND AUGSBURGER 

diameter at constant thickness and compression 

pressure resulted in increased adhesion forces. 

Different grades of magnesium stearate were found to 

possess different degrees of antiadhesive activity, 

whereas their differences in true lubricant activity 

(based on the ejection forces) were almost indistin- 

guishable. 

The present study is intended to further 

explore tablet adhesion in direct compression systems. 

True lubricant efficiency has been shown to improve 

with prolonged blending time; therefore, one objective 

of this study was to determine whether antiadhesion 

activity is similarly affected. Since actual 

tableting in the industry generally involves 

continuous operation of the tablet press, it was of 

interest to determine the effect of prolonged tableting 

on the adhesion and ejection forces. It was also the 

intent of this study to evaluate and compare the anti- 

adhesion oroperties of stearic acid and magnesium 

stearate in two representative direct compression 

tablet fillers. 

EXPERIMENTAL 

A l l  tableting was performed on a Stokes RB-2 

rotary tablet press (Stokes Engineering, Philadelphia, 

PA.) which had been instrumented to monitor compression, 

ejection and adhesion forces (1,2). The direct com- 

pression fillers used were microcrystalline cellulose, 
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ADHESION OF TABLETS 241 

N . F .  I ,  and  h y d r o u s  lactose,  U.S.P.2 The l u b r i c a n t s  

u s e d  were magnesium s tearate  U.S.P .  and s tear ic  a c i d  

U.S.P. 

P r e p a r a t i o n  o f  Tablets  

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

a n  80 mesh s ieve p r i o r  t o  b l e n d i n g .  A s i d e  f rom t h e  

r u n n i n g  t i m e  experiment:, t h e  b a t c h e s  were of  400 g .  and 

5 0 0  g .  f o r  m i . c r o c r y s t a 1 - l i n e  c e l l u l o s e  b l e n d s  and  

h y d r o u s  l a c t o s e  b l e n d s ,  r e s p e c t i v e l y .  E x c e p t  as n o t e d ,  

a l l  powders ,  were b l e n d e d  i n  a 1 .89  L t w i n  s h e l l  

b l e n d e r  ( L i q u i d - S o l i d s  B l e n d e r ,  P-K # LB-3'794, 

P a t t e r s o n - K e l l y  C o . ,  E a s t  S t r o u d s b u r g ,  PA.) f o r  115 

m i n u t e s  w i t h o u t  u s e  of a n  i n t e n s i f i e r  b a r .  

Only a s i n g l e  s t a t i o n  w a s  u s e d  t o  a v o i d  errors 

due t o  s l i g h t .  d i f f e r e n c e s  i n  t o o l i n g  1engt :h .  The 

same se t  o f  f l a t - f a c e d  1.111 c m .  d i a m e t e r  lsunches and  

d i e  w a s  u s e d  i n  a l l  s t u d i e s  t o  a v o i d  p o s s i b l e  errors 

1. A v i c e l R  1 0 2 ,  FMC C o r p o r a t i o n ,  American V i s c o s e  

D i v i s i o n ,  Newark, DE 1 9 7 1 1  

2. F a s t  FloR, Foremost; D a i r i e s ,  I n c . ,  San  

F r a n c i s c o ,  CA 94104 

3. Amend Drug and Chemica l  Company, I r v i n g t o n ,  

N J  07111 

4 .  J . T .  Baker  Chemical. Company, P h i l l i p s b u r g ,  N J  

08865 
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242 MITREVEJ AND AUGSBURGER 

in adhesion measurements due to differences in the 

state of polish of the punch face. Press speed was 

held at 24 RPM in all studies as this is the speed 

at which the adhesion instrumentation was calibrated 

(1). All experiments were performed in a controlled 

humidity area ( 5 0  A 10% relative humidity) where the 

temperature was maintained at 25O 5 2O Celsius. In 

all experiments, tablet thickness was kept constant 

since previous work had shown adhesion force to vary 

with thickness at a given compression force (1). 

Except in the running time experiments, thickness was 

held constant at 0.290 - + 0.003 cm. regardless of the 
compression force through the simultaneous adjustment 

of die-fill and compression settings. 

During the experiment, approximately 10 tablets 

were compressed at each compression force before the 

ejection force and adhesion force readings were taken. 

Unless otherwise specified, adhesion and ejection 

forces were determined at at least five compression 

forces. Before beginning and after each experiment 

the punches and die were cleaned with soap water, 

rinsed with hot water, and dried with tissue paper 

soaked with acetone. After the tablets made had aged 

for 24 hours, tablet hardness was determined on a 

Schleuniger (Heberlein) Hardness Tester (Model 2E/106, 

Series 7 2 0 3 ,  Key Industries, Farmingdale, N.Y.). 

Except as noted, the values reported represent the 
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ADBESIQN OF TABLETS 243 

means o f  2 0  r e a d i n g s  f o r  b o t h  e j e c t i o n  f o r c e s  and 

adhes.ion f o r c e s ,  and 10 r e a d i n g s  f o r  h a r d n e s s e s  ., 

Effec - t  o f  Blending  T i m e  - -- 
S i n c e  t r u e  l u b r i c a n t  e f f i c i e n c y  h a s  been shown 

t o  improve w i t h  pro longed  b l e n d i n g  ( 3 , 4 )  , it was; o f  

i n t e r e s t  t o  de te rmine  !whether a n t i a d h e s i o n  a c t i v i t y  

would be  s i m i l a r l y  a f f e c t e d .  M i c r o c r y s t a l l i n e  c e l l u -  

lose w a s  b lended  w i t h  0 -10% magnesium stearate under  

f o u r  c o n d i t i o n s :  5 m i n u t e s ,  1 0  minu te s ,  and 1.5 

minu tes  a l l  w i t h  i n t e n s i f i e r  b a r  o f f ;  1 0  minu te s  w i t h  

i n t e n s i f i e r  bar o f f  plus two minu tes  w i t h  t h e  i n t e n -  

s i f i e r  b a r  011. 

E f f e c t  o f  Running T i m e -  

T h i s  s t u d y  was i n t e n d e d  t o  de t e rmine  what  e f f e c t  

p ro longed  t a b l e t i n g  would have on  t h e  adhes ion  and 

e j e c t i o n  f o r c e s  o f  two d i r e c t  compress ion  f i l l e r s .  

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  and hydrous  l a c t o s e  were 

l u b r i c a t e d  w i t h  0 . 1 0 %  and 0 . 5 0 %  magnesium s t e a r a t e  

r e s p e c t i v e l y .  The b a t c h  s i z e  w a s  1 . 8  kg. i n  bot:h 

c a s e s . .  I n  t h i s  s t u d y ,  b l e n d i n g  w a s  c a r r i e d  ctut i n  

t h e  l a r g e r  7 .  56 L tw in  s h e l l  b l e n d e r  (Liquid- .Sol . ids  

B lende r ,  P . K .  # LB-5695 ,  P a t t e r s o n - K e l l y  C o . ,  E a s t  

S t roudsburg ,  P A . ) .  The compress ion  f o r c e s  w e r e  7 1  kg.  

for microcrystalline cellulose b l e n d ,  and 4 7 2  kg. for 

lactose b lend .  These compress ion  f o r c e s  produced 

t a b l e t  h a r d n e s s e s  of 7 5 1 kg. f o r  b o t h  b l e n d s .  'The 

d i e  f i l l  w a s  set  t o  g i v e  t h e  t a b l e t  we igh t  of a b o u t  
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244 MITREVEJ AND AUGSBURGER 

300 mg. fo r  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  and 4 0 0  mg. f o r  

lactose. The s e l e c t e d  we igh t  and compress ion  f o r c e  

s e t t i n g s  w e r e  n o t  changed th roughou t  t h e  r u n s .  The 

t i m e  when t h e  t a r g e t  we igh t  and compress ion  force w e r e  

ach ieved  w a s  t a k e n  as t i m e  ze ro .  Adhesion and 

e j e c t i o n  f o r c e s  were r eco rded  f o r  a b o u t  t w o  minu tes  

a t  e a c h  o f  a t  least  s i x  t i m e s  d u r i n g  t h e  t h r e e  hour  

r u n s .  

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

I .  E f f e c t  o f  Stearic Acid and Magnesium 
Stearate C o n c e n t r a t i o n s  on t h e  Adhesion and E j e c t i o n  
F o r c e s  o f  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  T a b l e t s  

Stearic acid and  magnesium stearate w e r e  chosen  

as r e p r e s e n t a t i v e  l u b r i c a n t s  i n  t h i s  s t u d y  because  

of t h e i r  widespread  u s e  i n  t a b l e t i n g .  The u s e  o f  

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  u n i q u e l y  allows t a b l e t i n g  

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

c o n t r o l  f o r  comparison.  Four c o n c e n t r a t i o n s  o f  

stearic ac id  (0.108, 0 . 2 5 % ,  0 . 5 0 %  and 1 . 0 0 % )  and f i v e  

c o n c e n t r a t i o n s  of magnesium stearate (0 .05%, 0 . 1 0 8 ,  

0.25%,  0.50%, and 1 . 0 0 % )  w e r e  e v a l u a t e d  and compared 

w i t h  r u n s  c o n t a i n i n g  no l u b r i c a n t .  A s  p r e v i o u s l y  

n o t e d ,  t a b l e t  t h i c k n e s s  w a s  k e p t  c o n s t a n t  and r u n s  

w e r e  m a d e  a t  f i v e  compress ion  f o r c e s .  

11. E f f e c t  of P r e l u b r i c a t e d  D i e  and Un lubr i ca t ed  
D i e  on t h e  Adhesion and E j e c t i o n  Forces  o f  P l a i n  
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  Tablets  

T h i s  exper iment  w a s  des igned  t o  compare t h e  

a d h e s i o n  and e j e c t i o n  f o r c e s  deve loped  d u r i n g  t h e  
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ADHESION OF TABLETS 245 

compress ion  of u n l u b r i c a t e d  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  

f i r s t  i n  an  u n l u b r i c a t e d  d i e  and then  i n  t h e  same d i e  

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

Due t o  t h e  u n a v a i l a b i l i t y  of  t h e  same l o t  of 

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  used  i n  a l l  o t h e r  

expe r imen t s ,  a n o t h e r  l o t  o f  t h e  same mater ia l  w<as 

used  i n  t h i s  exper iment .  The p l a i n  f i l l e r  was 

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

s u f f i c i e n t  number of a d h e s i o n  and  e j e c t i o n  f o r c e  

r e a d i n g s  had. been  o b t a i n e d ,  t h e  t a b l e t  p r e s s  w a s  

s t .opped.  The d i e  was t h e n  removed, c l eaned  w i t h  h o t  

w a t e r  and d x i e d  w t h  t i s s u e  pape r  soaked w i t h  a c e t o n e .  

A two p e r c e n t  s o l u t i o n  of s t e a r i c  a c i d  i n  a c e t o n e  

wa.s a p p l i e d  on t h e  d i e  w a l l  u n t i l  t h e  sur fa .ce  was 

comp1.etely c o a t e d  w i t h  a f i l m  of s t e a r i c  i3C:id. N o  

l u b r i c a n t  was a p p l i e d  t o  t h e  punch f a c e s .  The d.ie was 

camefu l ly  pl-aced back i n t o  p o s i t i o n  i n  thle d i e  t a b l e ,  

and t h e  t a b l e t  p r e s s  s t a r t e d .  When t h e  t a r g e t  t h i c k -  

n e s s  and compress ion  f o r c e  had been o b t a i n e d ,  t h e  

adhes ion  and e j e c t i o n  r e a d i n g s  w e r e  t a k e n  u n t i l  t h e  

s t ea r i c  a c i d  f i l m  s t a r t e d  t o  w e a r  off a s  i n d i c a , t e d  by 

a p r o g r e s s i v e  i n c r e a s e  i n  t h e  e j e c t i o n  f o r c e  r e a d i n g s .  

The t a b l e t  p r e s s  w a s  t h e n  s topped  and t h e  d i e  removed 

arid c l e a n e d  i n  t h e  manner d e s c r i b e d .  The p l a i n  f i l l e r  

w a s  a g a i n  compressed - f i rs t  i n  t h e  u n l u b r i c a t e d  d i e  and 

l a te r  i n  t h e  p r e l u b r i c a t e d  d i e ,  a t  each  o f  t h e  n e x t  
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246 MITREVEJ AND AUGSBURGER 

f o u r  compress ion  f o r c e s .  The r e s u l t s  r e p o r t e d  

r e p r e s e n t  means o f  1 5  d e t e r m i n a t i o n s .  

111. E f f e c t  of S t e a r i c  Acid and  Magnesium S t e a r a t e  
C o n c e n t r a t i o n s  on t h e  Adhesion and E j e c t i o n  Forces  o f  
Hydrous Lactose T a b l e t s  

Four c o n c e n t r a t i o n s  of magnesium s t e a r a t e  (0 .258,  

0.508, 1.00%, and 1 .50%) and stearic a c i d  (0.258,  0.508, 

1.00%, and 2.00%) w e r e  each  e v a l u a t e d  and compared. 

I n  t h e  s a m e  manner as t h e  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  

s t u d y ,  t a b l e t  t h i c k n e s s  w a s  h e l d  a t  t h e  s a m e  c o n s t a n t  

v a l u e  f o r  e i t h e r  l u b r i c a n t .  Runs were made a t  s i x  

compress ion  f o r c e s .  S i n c e  t h i s  f i l l e r  c a n n o t  be 

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

w e r e  p o s s i b l e .  

RESULTS AND DISCUSSION 

E f f e c t  o f  Blending  T i m e  

The e f f e c t s  of b lend ing  t i m e  on t h e  adhes ion  

f o r c e  and t h e  u n i t  e j e c t i o n  f o r c e  ( e j ec t ion  f o r c e  p e r  

u n i t  a p p a r e n t  area of t a b l e t  - d i e  w a l l  c o n t a c t  { 2 ) )  of  

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  tablets  c o n t a i n i n g  0 .10% 

magnesium stearate are summarized i n  F i g u r e s  1 and 

2 , r e s p e c t i v e l y .  

I n  a l l  c a s e s ,  i n c r e a s e s  i n  compress ion  f o r c e  

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

c o n f i r m  p r e v i o u s l y  r e p o r t e d  f i n d i n g s  (1). However, 

a t  any  g i v e n  compress ion  f o r c e ,  a d h e s i o n  f o r c e  

tended  to  d e c r e a s e  w i t h  i n c r e a s i n g  b l e n d i n g  t i m e  or 

i n t e n s i t y  of a g i t a t i o n .  The a p p a r e n t  o r d e r  o f  
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6 0 . 0  

50.0 

4 0 . 0  

3 0 . 0  

20.0 

-1- 

10.0 

0 
1 0 0 200 3 0 0  4 0 0  500 

Compression Force  (kg . ) 

FIGURE 1 
E f f e c t  of  Blending  T i m e  o r  I n t e n s i t y  of Blending  on  t h e  
Adhesion Force of  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  T a b l e t s  
Con ta in ing  0.10% Magnesium S t e a r a t e .  m 5 minu te s ;  

1 0  minu te s ;  A 1 5  minu tes ;  + 1 0  minu tes  p l u s  2 
mi:nutes w i t h  i n t e n s i f i e r  b a r  on .  

d e c r e a s i n g  a d h e s i o n  f o r c e s  w i t h  b l e n d i n q  t i m e  was: 

5 minu tes  > 1 0  minu tes  > 1 5  minu tes  > 1 0  minu tes  p l u s  

2 minu te s  w i t h  i n t e n s i f i e r  b a r  on.  T h i s  e f f e c t  i s  no 

doub t  due t o  a g r e a t e r  s u r f a c e  icoverage o f  t h e  f i l l e r  

w i t h  l u b r i c a n t  a t  l o n g e r  b l e n d i n g  t i m e  ( 3 , 5 ) ,  t h u s  
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- 

- 

- 

- 

3 

*-*’ 

100 2 0 0  300  4 0 0  500  
Compression Force  ( k g . )  

FIGURE 2 
E f f e c t  of Blending  T i m e  or I n t e n s i t y  of Blending  on  
t h e  U n i t  E j e c t i o n  Force  of 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  
T a b l e t s  Con ta in ing  0 . 1 0 %  Magnesium S t e a r a t e .  . 5 
minu tes ;  1 0  minu te s ;  A 1 5  minutes :  1 0  minu te s  
p l u s  2 minu te s  w i t h  i n t e n s i f i e r  bar on. 

r e d u c i n g  t h e  adhes ion  t o  t h e  punch f a c e .  The u n i t  

e j e c t i o n  force - compress ion  force p r o f i l e s  ( F i g u r e  2 )  

were comparable  a t  5 ,  1 0  o r  1 5  minu tes  b l e n d i n g  t i m e s  

and a l l  showed h i g h e r  e j e c t i o n  f o r c e s  t h a n  t h a t  o b t a i n -  

ed a f t e r  b l e n d i n g  1 0  minu tes  p l u s  2 minu te s  w i t h  t h e  

i n t e n s i f i e r  bar on. T h i s  t r e n d ,  i.2. t h e  d e c r e a s e d  

e j e c t i o n  f o r c e  w i t h  i n t e n s i t y  o f  b l e n d i n g  a l so  

c o n f i r m s  p r e v i o u s l y  r e p o r t e d  f i n d i n g s  ( 3 , 5 ) .  
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ADHESION OF TABLETS 249 

The e f f e c t  o f  b l e n d i n g  t i m e  on t h e  c o m p r e s s i b i l i t y  

of 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  i s  shown i n  F i g u r e  3 .  

T a b l e t  ha rdness  g e n e r a l l y  d e c r e a s e d  w i t h  b l e n d i n g  t i m e  

o r  i n t e n s i t y  of b l e n d i n g .  Decreas ing  c o m p r e s s i b i l i t y  

w i t h  i n c r e a s e d  b l e n d i n g  t i m e  o r  a g i t a t i o n  i n  b l e n d i n g  

p r e v i o u s l y  h a s  been observed  w i t h  o t h e r  t a b l e t i n g  

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

,- 

m 
A .- 
[I] 
[I] 
a, c 
'd 
k 
ld :z 
-ci 
a, 

r i  

.o 
ld 
ti 

20.0 

16.0 

12.0 

8.0 

4 . 0  

0 
2 0 0  3 0 0  4 0 0  5 0 0  

Compression Force  (kq. ) 

FIGURE 3 
E f f e c t  o f  Blending  T i m e  or I n t e n s i t y  of Blending  on 
t h e  Un i t  E j e c t i o n  Eorce of 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  
T a b l e t s  Con ta in ing  0 . 1 0 %  Magnesium S t e a r a t e .  m 5 
minu tes ;  0 1 0  minu te s ;  A 1 5  minu tes ;  + 1 0  minu tes  
p l u s  2 minu te s  w i t h  i n t e n s i f i e r  b a r  on.. 
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250 MITREVEJ AND AUGSBURGER 

l u b r i c a t e d  w i t h  1% magnesium s tearate  ( 3 1 ,  c o m p r e s s i b l e  

s t a r c h  l u b r i c a t e d  w i t h  0 . 1 %  magnesium stearate ( 6 ) ,  

and c o m p r e s s i b l e  s u g a r  l u b r i c a t e d  w i t h  0.75% magnesium 

stearate ( 7 ) .  

Blending  w a s  s t a n d a r d i z e d  a t  1 5  minu tes  (wi thou t  

u s e  of i n t e n s i f i e r  bar) i n  a l l  subsequen t  s t u d i e s .  

E f f e c t  o f  Running T i m e  

The r e s u l t s  of t h e  r u n n i n g  t i m e  exper iment  are 

summarized i n  F i g u r e s  4 and 5 .  A s  can  be s e e n ,  

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

t i m e .  I n  t h e  case of  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  

( F i g u r e  4 ) ,  a d h e s i o n  f o r c e  seemed t o  i n c r e a s e  g r a d u a l l y ,  

r e a c h i n g  a maximum o f  a b o u t  a n  1 8 %  i n c r e a s e  a t  2.5 

hour s .  A v e r y  s l i g h t  d e c r e a s e  w a s  observed  a t  3 hour s ;  

however, t h e  a d h e s i o n  f o r c e  w a s  s t i l l  g r e a t e r  a t  3 

h o u r s  t h a n  t h e  i n i t i a l  v a l u e .  The u n i t  e j e c t i o n  

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

v a l u e  w i t h  runn ing  t i m e .  

With hydrous  lactose ( F i g u r e  5)  , a d h e s i o n  f o r c e  

a l s o  i n c r e a s e d  w i t h  runn ing  t i m e ,  r e a c h i n g  a maximum 

of about a 3 9 %  i n c r e a s e  a f t e r  h a l f  a n  hour .  T h i s  

w a s  fo l lowed  by a p r o g r e s s i v e  d e c r e a s e  t o  approx ima te ly  

t h e  i n i t i a l  v a l u e  a f t e r  2 hour s  of  runn ing .  A s  w i t h  

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 ,  t h e  u n i t  e j e c t i o n  f o r c e  

of  t h e  l a c t o s e  t a b l e t s  dec reased  w i t h  runn ing  t i m e  t o  

a n  a p p a r e n t l y  l i m i t i n g  v a l u e .  I n  no case w a s  t h e r e  

any e v i d e n c e  o f  f i l m i n g  or p i c k i n g  i n  t h e s e  r u n s .  
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FIGURE 4 
E f f e c t  o f  Running Time o n  t h e  Adhes ion  and  Unit. 
E j e c t i o n  F o r c e s  o f  M i c r o c r y s t a l l i n e  Cel l .u lose  T a b l e t s  
C o n t a i n i n g  0 . 1 0 %  Magnesium S t e a r a t e  Compressed a t  7 1  
kg. Compression F o r c e .  Adhes ion  F o r c e ;  I Jn i t  
E j e c t i o n  Force. 

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

t h e  t o o l i n g  w i t h  p r o l o n g e d  t a b l e t i n g .  I t  ma17 be 

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

p a t t e r n  i n  which a d h e s i o n  f o r c e  i n c r e a s e d  w h i - l e  

e j e c t i o n  f o r c e  d e c r e a s e d .  The r e d u c t i o n  i n  e j e c t i o n  
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FIGURE 5 
Effect of Running Time on the Adhesion and Unit 
Ejection Forces of Compressible Hydrous Lactose Tablets 
Containing 0.50% Magnesium Stearate Compressed at 
4 7 2  kg. Compression Force. Adhesion Force; Unit 
Ejection Force. 

force with running time suggests a gradually improving 

force transmission through the compact due to reduced 

die wall friction. This, in turn, would be expected 

to result in increasing adhesion due to an increasing 

reaction at the tablet-lower punch interface. 
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Although t h i s  s t u d y  w a s  c a r r i e d  o u t  a t  a r e . l a t i v e l y  

slow speed of  24 r e v o l u t i o n s  p e r  minute ,  e j e c t i o n  

f o r c e s  d i d  appea r  t o  r e a c h  a l i m i t i n g  v a l u e  i n  each  

case d u r i n g  t h e  t h r e e  hour  r u n .  A t  least: i n  t h e  c a s e  

o f  hydrous l a c t o s e ,  t.he a d h e s i o n  f o r c e  d e c l i n e d  

markedly from i t s  maximum v a l u e ,  p o s s i b l y  ind ica . t i ng  

a c o n d i t i o n i n g  e f f e c t  a t  t h e  punch f a c e .  I t  i : s  

l i k e l y  t h a t  t h e  e f f e c t  o f  runn ing  t i m e  on e j e c - t i o n  

a.nd adhes ion  f o r c e s  w i l l  depend on  t h e  n a t u r e  o f  

t : h e  f o r m u l a t i o n  and on such  f a c t o r s  as compresr ; i~n  

f o r c e ,  machine speed ,  any s e g r e g r a t i o n  of  components 

and/or  p a r t i c l e  s i z e  w i t h  t i m e ,  and t h e  s t a t e  of 

p o l i s h  of  t h e  t o o l i n g .  

Although a d h e s i o n  and e j e c t i o n  f o r c e s  d i d  

appea r  t o  v a r y  w i t h  ex tended  runn ing  t i m e s ,  r e l a t i v e l y  

c o n s t a n t  r e a d i n g s  a t  any compress ion  f o r c e  s e t  w e r e  

observed  d u r i n g  t h e  i n i t i a l  p e r i o d  o f  t h e  r u n ,  which 

was u s u a l l y  w i t h i n  f i v e  minu tes  a f t e r  t h e  t a . r g e t  

t a b l e t  t h i c k n e s s  and compress ion  f o r c e  w e r e  ach ieved .  

I t  w a s  d u r i n g  t h i s  p e r i o d ,  i n  which a p p a r e n t l y  c o n s t a n t  

r e a d i n g s  w e r e  obse rved ,  t h a t  t h e  a d h e s i o n  and e j e c t i o n  

r e a d i n g s  w e r e  t a k e n  i n  a l l  o t h e r  expe r imen t s .  

E f f e c t  o f  L u b r i c a n t s  -- 
Although p r e v i o u s l y  r e p o r t e d  p r e l i m i n a r y  

s tud i - e s  (1) had shown a n t i a d h e s i o n  e f f i c i e n c y  t.o 

i rtcr E: a s e w i t h  l u  b r  i c a xi t c o nc e n t ra t i o  n , t h  i s s t i ]  d y wa s 
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FIGURE 6 
Effect of Compression Force on the Adhesion Force of 
Microcrystalline Cellulose Tablets Containing Stearic 
Acid. Percent Stearic Acid, 0.00; 0 0.10; A 0.25:  

0.50; V 1.00. 
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80.0 

70.0 

60.0 

5 0 . 0  
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aJ 
u 2 4 0 . 0  
F 

v 

c 
0 

2 0 . 0  

0 I- I I L-J 
0.20 0 . 4 0  0.60 0 . 8 0  1-00 

Percent S tear ic  ~ c i d  

F I G U R E  7 
Effect  of S t ea r i c  Acid Concentration on the Adhesion 
Force of Microcrystall ine Cellulose Tablet:;. Com- 
pression Force, 8 59 kg.; A 118 kg.; 0 2 3 6  k .9 . ;  

0 354 kg.; 0 472 kg. 
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256 MITREVEJ AND AUGSBURGER 

des igned  t o  m o r e  t ho rough ly  d e l i n e a t e  t h i s  concen t r a -  

t i o n  dependency i n  s p e c i f i c  sys tems.  

I .  E f f e c t  o f  Stearic Acid and Magnesium Stearate 
C o n c e n t r a t i o n s  on t h e  Adhesion and E j e c t i o n  Forces o f  
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  Tablets.  

The r e s u l t s  o f  t h e  s t u d y  o f  t h e  e f f e c t  of 

stearic a c i d  c o n c e n t r a t i o n  on  t h e  a d h e s i o n  and 

e j e c t i o n  f o r c e s  o f  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  t ab le t s  

are  summarized i n  F i g u r e s  6-8. Although a d h e s i o n  

f o r c e s  g e n e r a l l y  i n c r e a s e d  w i t h  compress ion  f o r c e  

f o r  bo th  t h e  l u b r i c a t e d  and u n l u b r i c a t e d  b a t c h e s  

( F i g u r e  6), a somewhat d i f f e r e n t  p a t t e r n  emerged when 

t h e  e f f e c t s  of  s tear ic  a c i d  c o n c e n t r a t i o n  w e r e  

compared ( F i g u r e  7 ) .  Rega rd le s s  of t h e  c o n c e n t r a t i o n  

of s tear ic  a c i d ,  adhes ion  f o r c e s  a t  o r  lower t h a n  

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

t h e  two l o w e s t  compress ion  f o r c e s  (59  kg. and 1 1 8  

k g . ) .  A t  a l l  h i g h e r  compress ion  forces ( 2 3 6 - 4 7 2  kg . )  

t he  u n l u b r i c a t e d  f i l l e r  e x h i b i t e d  lower  a d h e s i o n  

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

b a t c h e s ,  a d h e s i o n  f o r c e s  were g r e a t e s t  a t  0 . 1 0 %  

s tear ic  a c i d  and p r o g r e s s i v e l y  dec reased  w i t h  i n -  

c r e a s i n g  l u b r i c a n t  c o n c e n t r a t i o n .  The u n i t  e j e c t i o n  

f o r c e s  ( F i g u r e  8 )  o b t a i n e d  w i t h  t h e  u n l u b r i c a t e d  

c o n t r o l  w e r e  markedly h i g h e r  t h a n  t h o s e  o b t a i n e d  w i t h  

t h e  l u b r i c a t e d  b l e n d s  a t  any compress ion  f o r c e :  

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

e j e c t i o n  forces. 
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ADHESION OF TABLETS 

The r e s u l t s  of t h e  s t u d y  of t h e  e f f e c t  ,of 

magnesium s teara te  c o n c e n t r a t i o n  on t h e  a d h e s i o n  and  

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

a p p e a r  i n  F i g u r e s  9-11. A s  w a s  f o u n d  i n  t h e  s tear ic  

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

6 0 . 0  

5 0 . 0  

4 0 . 0  

3 0 . 0  

20 .0  

10.0 

0 
0.20  0 . 4 0  0 . 6 0  0 . 8 0  1 . 0 0  

P e r c e n t  S t e a r i c  Acid 

F I G U R E  8 
E f f e c t  of S t e a r i c  Acid C o n c e n t r a t i o n  on  t h e  U n i t  
E j e c t i o n  F o r c e  of 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  T a k l l e t s .  
Compress ion  F o r c e ,  6 59 k g . ;  A 118 k g . ;  0 2 3 6  k g . ;  

0 354 k g . ;  0 472 kg .  

25 7 
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258 MITREVEJ AND AUGSBURGER 

/: 

500 400 1 0 0  200 3 0 0  
Compression Force ( k g . )  

FIGURE 9 
E f f e c t  of Compression Force on t h e  Adhesion Force of 
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  T a b l e t s  Containing Magnesium 
Stearate. Pe rcen t  Magnesium S t e a r a t e ,  0.00; A 
0 . 0 5 ;  V 0.10; 0.25;  W 0.50; # 1.00. 

f o r c e  (F igu re  9 ) .  Again, i n c r e a s i n g  magnesium 

s tearate  l e v e l s  produced adhesion f o r c e s  a t  o r  below 

those  of  t h e  un lubr i ca t ed  f i l l e r  on ly  a t  t h e  low 

compression f o r c e s  ( 5 9  kg. and 1 1 8  kg. , see F igure  10). 

A t  higher  compression f o r c e s ,  adhesion f o r c e s  r o s e  t o  

w e l l  above those  of  t h e  u n l u b r i c a t e d  c o n t r o l s  a t  0 . 1 0 %  
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ADHESION OF TPtBLETS 

magnesium s tearate and t h e n  p r o g r e s s i v e l y  t l ec l i  ned 

witth i n c r e a s e d  magnesium s t ea ra t e  l e v e l s .  L 'nl ike 

t h e  s tear ic  a c i d  r u n s ,  however,  a d h e s i o n  f o r c e s  were 

a b l e  t o  be towered t o  below t h o s e  o f  t h e  u n l u b r i c a t e d  

c o n t r o l s  w i t h  i n c r e a s i n g  l u b r i c a n t  l e v e l s  a t  t h e s e  

compress ion  f o r c e s .  'This may be r e f l e c t i n g  a g r e a t e r  

a n t i a d h e r e n t  e f f i c i e n c y  of magnesium s t ea ra t e  a t  t h e  

5 0 . 0  

4 0 . 0  
c 

D 
v 

aJ 
!4 
0 
rJ4 

u 3 0 . 0  

10.0 

0 

259 

0 . 2 0  0 . 4 0  13.60 0 . 9 0 1.00 
P e r c e n t  Magnesium S tea ra t e  

F I G U R E  10 
E f f e c t  of  Magnesium Stearate  C o n c e n t r a t i o n  on t h e  
Adhesion Force  of 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  'Table t s .  
Compression Force ,  8 59  kg . ;  A 118 k g . ;  0 2 3 6  kg . ;  

0 3 5 4  kq . ;  0 4 7 2  kg. 
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6 0  

50 

4 0  

30 

20 

10 

0 

0.20  0 . 4 0  0 . 6 0  0 . 8 0  1 . 0 0  
Percen t  Magnesium Stearate 

FIGURE 11 
E f f e c t  of Magnesium S t e a r a t e  Concentrat ion on t h e  
Unit  E j e c t i o n  Force of  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  
T a b l e t s .  Compression Force,  8 59 kg.; A 118 kg.;  o 
236  kg.; 0 3 5 4  kg. ;  0 4 7 2  kg. 

t ab l e t - lower  punch i i ikerface.  As w a s  observed i n  t h e  

s tear ic  a c i d  s tudy ,  t h e  u n i t  e j e c t i o n  f o r c e s  (F igu re  

11) w e r e  found t o  dec rease  wi th  inc reased  magnesium 

stearate l e v e l s ,  and t h e  e j e c t i o n  f o r c e s  ob ta ined  
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ADHESION OF TABLETS 261 

w.ith a l l  l u b r i c a t e d  b l e n d s  were much lower t h a n  t h o s e  

obta . ined  w i t h  t h e  p l a i n  m i c r o c r y s t a l l i n e  ce1lu:Lose. 

I n  a r o t a r y  t a b l e t  p r e s s ,  a l t h o u g h  bioth t h e  

upper  punch and lower  punch p a r t i c i p a t e  i n  e x e r t i n g  

f o r c e  on  t h e  powder,  t h e  upper  punch f o r c e  h a s  been 

r e p o r t e d  t o  be  g r e a t e r  t h a n  t h e  lower  punch f o r c e  ( 8 ,  

9 ) .  S h o t t o n  -- e t  a l .  ( 8 )  sugges t ed  t h a t  t h e  sys tem 

must be ba lanced  by a f o r c e  a t  t h e  d i e  wall a c t i n g  i n  

an upward d i r e c t i o n  and d e r i v e d  from t h e  f r i c t i o n a l  

r e a c t i o n  t o  a s l i g h t  (downward movement o f  t h e  t a b l e t  

d u r i n g  compress ion ,  s i n c e  t h e  uppe r  r o l l e r  is r i g i d  

and t h e  lower r o l l e r  i s  s p r i n g  loaded  th rough  t h e  

o v e r l o a d  mechanism. T h e r e f o r e  it i s  p o s s i b l e  t h a t  

t h e  reduced  d i e  w a l l  f r i c t i o n  obse rved  w i t h  t h e  

l u b r i c a t e d  b a t c h e s  would c a u s e  more r e a c t i o n  at: 

t h e  lower punch, t h e r e b y  r e s u l t i n g  i n  an  i n c r e a s e  i n  

adhes ion .  T h i s  e f f e c - t  seemed t o  b e  more pronounced 

at: h i g h e r  compress ion  f o r c e s .  A f u r t h e r  s u p p o r t i v e  

o b s e r v a t i o n  was t h a t  p r e v i o u s l y  r e p o r t e d  (1.) wi.th 

l u b r i c a t e d  rn ic rocrys  t a  l l i n e  c e l l u l o s e  where in  a n  

i n c r e a s e  i n  t a b l e t  t h i c k n e s s  ( a t  c o n s t a n t  compress ion  

f o r c e )  was found t o  c a u s e  a n  i n c r e a s e  i n  e j e c t i o n  

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

11: - E f f e c t  of P r e l u b r i c a t e d  D i e  and Un lubr i ca t ed  
D i e  on t h e  l idhesion and E j e c t i o n  Forces  of P l a i n  
Microcrys  t a l - l i n e  C e l l u l o s e  Tablets 

To fur t .her  i n v e s t i g a t e  t h e  phenomenon observed  

i n  t h e  p r e c e d i n g  expe r imen t  where in  t h e  u n l u b r i c a t e d  
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262 MITREVEJ AND AUGSBURGER 

f i l l e r  gave  l o w e r  adhes ion  f o r c e s  b u t  h i g h e r  e j e c t i o n  

forces t h a n  t h e  l u b r i c a t e d  b l e n d s ,  a n  exper iment  was 

c a r r i e d  o u t  comparing t h e  a d h e s i o n  and e j e c t i o n  

forces o b t a i n e d  from u n l u b r i c a t e d  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  compressed i n  a n  u n l u b r i c a t e d  d i e  t o  t h o s e  

o b t a i n e d  when t h e  p l a i n  f i l l e r  w a s  compressed i n  t h e  

same d i e  p r e l u b r i c a t e d  w i t h  stearic a c i d .  The r e s u l t s  

are shown i n  F i g u r e s  1 2  and 13 .  

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

were markedly h i g h e r  ( F i g u r e  1 2 )  b u t  t h e  adhes ion  

f o r c e s  ( F i g u r e  1 3 )  w e r e  lower t h a n  t h o s e  o b t a i n e d  

w i t h  t h e  l u b r i c a t e d  d i e ,  t h e  d i f f e r e n c e  be ing  

g r e a t e s t  a t  h i g h e r  compress ion  f o r c e s .  T h i s  

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

t h a t  t h e  g r e a t e r  a d h e s i o n  f o r c e  o b t a i n e d  w i t h  t h e  

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

comparison w i t h  t h e  u n l u b r i c a t e d  c o n t r o l s )  may be 

a t t r i b u t a b l e  t o  reduced  d i e  w a l l  f r i c t i o n .  

Although a d h e s i o n  f o r c e s  found w i t h  t h e  

l u b r i c a t e d  b l e n d s  ( i n  b o t h  s tear ic  a c i d  and magnesium 

stearate s t u d i e s )  a t  t h e  h i g h e r  compress ion  f o r c e s  

w e r e  g r e a t e r  a t  t h e  low l u b r i c a n t  l e v e l  t h a n  t h o s e  

found w i t h  t h e  u n l u b r i c a t e d  c o n t r o l s ,  adhes ion  forces 

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

i n c r e a s e d  ( F i g u r e s  7 and 1 0 ) .  T h i s  a p p e a r s  t o  

r e f l ec t  t h e  e f f e c t  of  a n  i n c r e a s i n g  c o n c e n t r a t i o n  

of l u b r i c a n t  a t  t h e  tablet-lower punch i n t e r f a c e .  
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FIGURE 1 2  
E f f e c t  o f  D i e  Wall C o n d i t i o n  o n  t h e  I Jn i t  E j e c t i o n  
F o r c e s  of U n l u b r i c a t e d  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  
Tab le t s .  D i e  W a l l  C o n d i t i o n ,  0 U n l u b r i c a t e d ;  

t P r e l u b r i c a t e d  w i t h  S t e a r i c  Acid .  

Thus,  l u b r i c a n t s  added  t o  t h e  powder m a s s  would 

a p p e a r  t o  have  t w o  o p p o s i n g  e f f e c t s  o n  t a b l e t  

a d h e s i o n  a t  t h e  lower punch f a c e :  (1) e n h a n c i n g  

a d h e s i o n  d u e  t o  a n  i n c r e a s e d  r e a c t i o n  a t  t h e  1-ower 

punch which r e s u l t s  f rom r e d u c e d  d i e  w a l l  f r i c t i o n ,  

( 2 )  r e d u c i n g  a d h e s i o n  v i a  t h e  " a n t i - a d h e r e n t "  

f u n c t i o n  which  i s  e v i d e n t  by a p r o g r e s s i v e  d e c r e a s e  
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FIGURE 13 
E f f e c t  o f  D i e  W a l l  Cond i t ion  on t h e  Adhesion Forces 
o f  Un lubr i ca t ed  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  T a b l e t s .  
D i e  W a l l  Cond i t ion ,  0 U n l u b r i c a t e d ;  t P r e l u b r i c a t e d  
w i t h  Stearic Acid. 

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

i s  i n c r e a s e d .  Thus, i t  would a p p e a r  t h a t  t h e  a d h e s i o n  

f o r c e  measured a t  t h e  lower punch face would r e p r e s e n t  

t h e  n e t  r e s u l t  of t h e s e  t w o  competing e f f e c t s .  
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111. Comparison of True  L u b r i c a n t  and Ant 
P r o p e r t i e s  o f  Magnesium S t e a r a t e  and S t e a r i c  
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  

Within t h e  r ange  of l u b r i c a n t  c o n c e n t r a  

a d h e r e n t  
Acid i n  

i o n s  

s t u d i e d ,  s t e a r i c  acid.  g e n e r a l l y  appea red  t o  be less 

e f f i c i e n t  t h a n  magnesium s teara te  as judged by h i g h e r  

e j e c t i o n  f o r c e s  and a d h e s i o n  f o r c e s  o b t a i n e d  a t  a l l  

co r re spond ing  c o n c e n t . r a t i o n s .  T h i s  o b s e r v a t i o n  may 

be  a t t r i b u t a b l e  t o  a less comple te  s p r e a d i n g  of 

s tear ic  a c i d  ove r  t h e  f i l l e r ,  as compared t o  magnesium 

s t e a r a t e  ( 5 ) .  However, t h e r e  may a l s o  be d i f f l e r e n c e s  

i n  s p e c i f i c  i n t e r a c t i o n s  a t  t h e  t a b l e t - t o o l i n g  

i n t e r f a c e .  

The compara t ive  e f f e c t s  of t h e  two 1.ubrica.nts a t  

low ' c o n c e n t r a t i o n  (0 .lo%) and a t  h i g h  concen t r a t . i on  

( 1 . 0 0 % )  on t h e  e j e c t i o n  f o r c e  and a d h e s i o n  f o r c e  a r e  

i . l l u s t r a t e d  i n  F i g u r e s  1 4  and 1 5  r e s p e c t i - v e l y .  A t  

t h e  0.109 l e v e l ,  t h e  e j e c t i o n  f o r c e s  ( F i g u r e  1 4 )  

o b t a i n e d  w i t h  s t e a r i c  a c i d  were much h i g h e r  than. t h o s e  

o b t a i n e d  w i t h  magnesium s t e a r a t e ;  however,  a t  :L. 0 0 %  

t h e  ( e j e c t i o n  f o r c e s  o b t a i n e d  w i t h  s t e a r i c :  a c i d  w e r e  

o n l y  s l i g h t l y  h i g h e r  t h a n  t h o s e  o b t a i n e d  w i t h  magnesi-  

urn s t e a r a t e .  A s  r e g a r d s  a d h e s i o n  f o r c e s  (Fj.gure 15), 

all though s t e a r i c  a c i d  g e n e r a l l y  gave  h i g h e r  a d h e s i o n  

r e a d i n g s  t h a n  d i d  magnesium s t e a r a t e ,  t h e  d i f f e r e n c e  

i n  t h e  a d h e s i o n  f o r c e s  was less d r a m a t i c  a t  0.1.0% 

t h a n  a t  1. 0 0 % .  These r e s u l t s  c o n f i r m  prev.ious1.y 
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FIGURE 1 4  
Comparat ive E f f e c t  o f  Stearic Acid and Magnesium 
Stearate on t h e  Un i t  E j e c t i o n  Force  o f  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  Tablets .  L u b r i c a n t ,  - - -S tear ic  Acid; 

-Magnesium Stearate. P e r c e n t  L u b r i c a n t ,  96 0 . 1 0 ;  
1.00. 

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

e f f i c i e n c y  do n o t  n e c e s s a r i l y  r e f l e c t  d i f f e r e n c e s  i n  

a n t i - a d h e s i o n  e f f i c i e n c y  (1). 

I V .  E f f e c t  o f  S t e a r i c  Acid and Magnesium S t e a r a t e  
C o n c e n t r a t i o n s  on t h e  Adhesion and E j e c t i o n  Forces  of  
Hydrous Lactose T a b l e t s  

Four c o n c e n t r a t i o n s  of s tear ic  a c i d  were 

e v a l u a t e d  a t  s i x  compress ion  f o r c e s .  The r e s u l t s  
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8 0 . 0  

7 0 . 0  

6 0 . 0  

- 
D 5 0 . 0  
v 

Q) u 
Li 
0 
L. 40.0 
r: 
0 

.A 
Lo 
0 
G 
Q 30.0 4 

20.0 

10.0 

0 

Compression F o r c e  1:kg. ) 

F I G U R E  1 5  
Compara t ive  E f f e c t  of S t e a r i c  Acid and Magnesium 
S t e a r a t e  o n  t h e  Adhes ion  F o r c e  of 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  Table t s .  L u b r i c a n t ,  - -  - S t e a r  ic Acid: 
- Magnesium S t e a r a t e .  P e r c e n t  L u b r i c a n t ,  0 . 1 0 ;  

1.00. 
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are i l l u s t r a t e d  i n  F igu res  1 6 ,  1 7 ,  and 18. I t  w a s  

observed t h a t  adhesion f o r c e s  g e n e r a l l y  inc reased  

w i t h  i n c r e a s i n g  compression f o r c e  (F igu re  1 6 )  up t o  

a maximum va lue  a t  590  kg. compression f o r c e .  A t  

1 6 . 0  

14.0 

1 2 . 0  

m - 10.0 

4.0 

2 . 0  

0 

r 

\ 
\ 
\ 
\ 
\ 

a 

' - *\ 
' 
\ 
\ 
t 

I 1 I I I 
4 0 0  6 0 0  8 0 0  1000 1 2 0 0  

Compression Force (kg.1 

F I G U R E  16 
E f f e c t  of Compression Force on t h e  Adhesion Force of 
Compressible Hydrous Lactose Tablets Containing 
Stearic Acid. P e r c e n t  Stearic Acid, 0 . 2 5 ;  8 0 .50 ;  

ob ta ined  f r o m  chipped t a b l e t s )  
t 1.00; 0 2 .00 .  (The broken l i n e s  l i n k  r e s u l t s  
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16.0 

12.0 

8 . 0  

4 . 0  

0 

x 

/5 0 / 

I I I2 
0 .  SO 1.00 1. Tin 2.00 

P e r c e n t  S t c a r i c  A c i . d  

F I G U R E  17 
E:ffect  of S t e a r i c  Acid C o n c e n t r a t i o n  o n  t h e  Adlhesion 
F o r c e  o f  C o m p r e s s i b l e  Hydrous Lactose T a b l e t s .  
Compression Force, A 118  kg.; 0 236 kg.; d 472 kg.; 

1 i n e s  l i n k  r e s u l t s  o b t a i n e d  f rom c h i p p e d  t a b l e t s )  
t 590 k g . ;  W 8 8 5  l cq . ;  0 1180 kq.. (The b r o k e n  

h i g h e r  c o m p r e s s i o n  f o r c e s  ( 8 8 5  kg.  and 1180 kg.) (1 

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

s u r f a c e  c h i p p i n g  o f  t a b l e t .  T h i s  c h i p p i n q  cause:: 

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

p r e v e n t s  t h e  p r o p e r  measurement  of a d h e s i o n  Eorce (1). 
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FIGURE 1 8  
E f f e c t  o f  S t e a r i c  Acid C o n c e n t r a t i o n  on  t h e  U n i t  
E j e c t i o n  Force  o f  Compress ib le  H d r o u s  Lactose Tablets.  
Compression Force ,  A 118 kg.; 4 236 kg.; 0 472 kg.; * 590 kg.; 885 kg.; 0 1180 kg. 

This  was obse rved  a t  a l l  c o n c e n t r a t i o n s  of l u b r i c a n t  

s t u d i e d .  

F i g u r e  1 7  summarizes t h e  e f f e c t  o f  s tear ic  a c i d  

c o n c e n t r a t i o n  on  t h e  a d h e s i o n  f o r c e .  I t  c a n  be 

seen  t h a t  a d h e s i o n  f o r c e  d e c r e a s e d  markedly a t  0 . 5 0 %  
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l u b r i c a n t  and  genera1l .y  i n c r e a s e d  w i t h  f u r t h e r  

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

t w o  l o w e s t  c o m p r e s s i o n  f o r c e s  (118  kg.  a n d  2 3 6  k g . ) .  

A t  t h e s e  t w o  c o m p r e s s i o n  f o r c e s  t h e r e  w a s  a f u r t h e r  

r e d u c t i o n  i n .  a d h e s i o n  f o r c e  a t  1 . 0 0 %  l u b r i c a n t ,  

f o l l o w e d  by a n  i n c r e a s e  a t  2 . 0 0 % .  The i n c r e a s e  j.n 

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

c o n c e n t r a t i o n s  beyond 0 . 5 0 %  w a s  more pronounced  a t  

h i g h  c o m p r e s s i o n  f o r c e s  ( 4 7 2  - 1180 k g . ) .  T h i s  e f f e c t  

may p o s s i b l y  b e  a t t r i b u t a b l e  t o  a s o f t e n i n g  of  

s t ea r i c  a c i d , w h i c h  h a s  a l o w  m e l t . i n g  p o i n t  o f  54", 

p a r t i c u l a r l y  a t  t h e  h i g h e r  cornpress ion  f o r c e s .  Hanus 

and King ( 1 0 )  r e p o r t e d  i n c r e a s e s  i n  t e m p e r a t u r e  o n  

coimpression o f  sodium c h l o r i d e  t a b l e t s  whi.ch i n c r e a s e d  

w i t h  i n c r e a s e d  s p e e d  of c o m p r e s s i o n  o r  a p p l i e d  

p r e s s u r e .  I n c r e a s e s  i n  t h e  t e m p e r a t u r e  on t h e  u p p e r  

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

o f  a l u b r i c a t e d  o r  u n l u b r i c a t e d  s t a n d a r d  g r ( 3 n u l a t i o n  

w e r e  (also r e p o r t e d  (11). 

I t  h a s  been n o t e d  t h a t  l o w  m e l t i n g  materia1Ls 

s u c h  s t e a r i c  a c i d  and h i g h  m o l e c u l a r  w e i g h t  

p o l y e t h y l e n e  g l y c o l s  may s o f t e n  s u f f i c i e n t l y  f rom 

t h e  h e a t  of c o m p r e s s i o n  t o  c a u s e  s t i c k i n g  (1.2,13). T h a t  

t h i s  phenomenon w a s  n o t  o b s e r v e d  i n  t h e  s t ea r i c  

a c i ~ d - 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  r u n s  may b e  a t t r - i b u t -  

ab l e  t o  t h e  c o m p a r a t i v e l y  l o w  c o m p r e s s i o n  f o r c e s  

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

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.



272 MITREVEJ AND AUGSBURGER 

Although measurable  i n c r e a s e s  i n  adhes ion  w e r e  

obse rved  i n  t h i s  s t u d y ,  it shou ld  be p o i n t e d  o u t  

t h a t  no a c t u a l  p i c k i n g  o r  f i l m i n g  was observed  d u r i n g  

t h e s e  r e l a t i v e l y  s h o r t  r u n s .  r n  s p i t e  of t h e  g e n e r a l  

i n c r e a s e s  i n  a d h e s i o n  f o r c e s  beyond 0 . 5 0 %  s tear ic  

a c i d ,  t h e  a d h e s i o n  f o r c e s  measured a t  1 . 0 0 %  or 2 . 0 0 %  

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

0 . 2 5 % .  E j e c t i o n  f o r c e s  w e r e  obse rved  t o  d e c r e a s e  

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

compress ion  f o r c e s  t e s t e d  (.Figure 18). 

I n  a s imi l a r  manner a s  i n  t h e  s tear ic  a c i d  

expe r imen t ,  f o u r  c o n c e n t r a t i o n s  of magnesium s tearate  

a l s o  w e r e  e v a l u a t e d  i n  hydrous  lactose. The r e s u l t s  

are d e p i c t e d  i n  F i g u r e s  1 9 ,  2 0 ,  and 2 1 .  As found i n  

t h e  p r e v i o u s  exper iment ,  a d h e s i o n  f o r c e  g e n e r a l l y  

i n c r e a s e d  w i t h  i n c r e a s i n g  compress ion  f o r c e  ( F i g u r e  19) 

r e a c h i n g  a maximum v a l u e  a t  590  kg. compress ion  force, 

and d e c r e a s e d  a t  h i g h e r  compress ion  f o r c e s  due t o  

c h i p p i n g  of t a b l e t  s u r f a c e s .  Unl ike  t h e  p r e v i o u s  

s tear ic  acid exper iment ,  a d h e s i o n  forces w e r e  found t o  

d e c r e a s e  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  of magnesium 

stearate a t  any compress ion  f o r c e  ( F i g u r e  2 0 ) .  The 

p a t t e r n  resembled  t h a t  o f  t h e  l u b r i c a t e d  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  r u n s  noted  p r e v i o u s l y .  

The e f f e c t  of magnesium stearate c o n c e n t r a t i o n  

on t h e  e j e c t i o n  f o r c e  i s  shown i n  F i g u r e  21. I n  

g e n e r a l ,  t h e  e j e c t i o n  f o r c e s  w e r e  n o t  a f f e c t e d  by 
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ADHES'ION OF TABLETS 2 7 3  
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\ 

I. 8 
\ 
. 

't 

-I 
I I I -- 

8 0 0  1000 1200 200 4 0 0  6 0 0  
h k  ' 

Compression Force (kg . ) 

F I G U R E  1 9  
E f f e c t  of Compression Force on t h e  Adhesion Force of 
C:ompressibl.e Hydrous Lactose Tab le t s  Containing Magne- 
sium Stearate .  Pe rcen t  Magnesium S t e a r a t e ,  0 0 . 2 5 ;  
8 0.50;  # 1-00; 1 - 5 0 .  ( T h e  broken l i n e s  :Link 

r e s u l t s  obt-ained from chipped t a b l e t s )  . 

l u b r i c a n t  concen t r a t ion  t o  any g r e a t  e x t e n t ;  a 

s l i g h t  dec rease  w a s  observed a t  t h e  0 . 5 0 %  l e v e l  a t  

any compression f o r c e .  However, a t  r e l a t i v e l y  high 

compression f o r c e s  ( 5 9 0  - 1 1 8 0  k g . ) ,  e j e c t i o n  f o r c e s  
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274 MITREVEJ AM) AUGSBURGER 

w e r e  found t o  i n c r e a s e  beyond t h e  0 . 5 0 %  l u b r i c a n t  

l e v e l .  T h i s  f i n d i n g  i s  n o t  i n c o n s i s t e n t  w i t h  

p r e v i o u s l y  r e p o r t e d  work ( 4 ,  1 4 )  conce rn ing  l a c t o s e  - 

magnesium s t e a r a t e  b l e n d s  compressed a t  s imi l a r  

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

Up t o  t h i s  p o i n t ,  no s a t i s f a c t o r y  e x p l a n a t i o n  h a s  been  

a v a i l a b l e .  

1 5 . 0  

13.0 

11. c 

9.  ( 

7 . (  

5.1 

I I I I I 
0 . 5 0  0 . 7 5  1.00 1 . 2 5  1 . 5 0  
P e r c e n t  Magnesium S t e a r a t e  

F I G U R E  20 
E f f e c t  o f  Magnesium Stearate C o n c e n t r a t i o n  on t h e  
Adhesion Force  of Compress ib le  Hydrous Lactose T a b l e t s .  
Compression Force ,  A 118 k q . ;  8 2 3 6  kg. ;  8 4 7 2  kg. ;  * 590 kq. ;  I 8 8 5  kq. ;  0 1180 kg. (The broken  l i n e s  
l i n k  r e s u l t s  o b t a i n e d  from chipped  t a b l e t s ) .  
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I I I II 'k. 2: 0.50 0 . 7 5  1.00 1.25 1.50 
P e r c e n t  Magnesj-um Stearate 

F I G U R E  21  
E f f e c t  of Magnesium S t e a r a t e  C o n c e n t r a t i o n  on t h e  Un i t  
E j e c t i o n  Force  o f  Compress ib le  H d r o u s  Lac tose  T a b l e t s .  
C'ompression Force ,  A 118  kg . ;  4 2 3 6  kg.  : 0 4 7 2  kg . ;  

X 5 9 0  kg.; 885 kg.; 0 1180 kg. 

V. Comparison of True  L u b r i c a n t  and A n t i a d h e r e n t  
P r o p e r t i e s  of Magnesium S t e a r a t e  (and S t e a r i c  Acid i n  
Compress ib le  xydrous  Lac tose  

I n  s p i t e  of t h e  f a c t  t h a t  magnesium s t e a r a t e  

a p p e a r s  t o  d e l a m i n a t e  more comple t e ly  t h a n  s t e a r i c  

a c i d  (5), b a t c h e s  c o n t a i n i n g  magnesium s t e a r a t e  
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- 
N 

5 35.0  
\ 

a, 
u 

h 
25 .0  

c 
0 

.A u 
u 
0 
.n 1 5 . 0  

5 . 0  

0 I I I I 1 
4 0 0  600 800  1000 1200 

Compression Force (kg. ) 

F I G U R E  2 2  
Comparative E f f e c t  of S t e a r i c  Acid and Magnesium 
S t e a r a t e  on t h e  Unit  E j e c t i o n  Force of Compressible 
Hydrous Lactose T a b l e t s .  P e r c e n t  S tear ic  Acid, 0 0.25 ;  

1-00. P e r c e n t  Magnesium Stearate,  r 0.25 :  . 1 . 0 0 .  

e x h i b i t e d  lower e j e c t i o n  f o r c e s  than  those  c o n t a i n i n g  

s tear ic  a c i d  on ly  a t  t h e  low l u b r i c a n t  l e v e l  (F igu re  

2 2 ) .  A t  h igh c o n c e n t r a t i o n  ( 1 . 0 0 % )  t h e  e j e c t i o n  

f o r c e s  ob ta ined  w i t h  both l u b r i c a n t s  w e r e  comparable 

a t  low compression f o r c e s ;  a t  h ighe r  compression 

f o r c e s ,  s tearic a c i d  e x h i b i t e d  apprec i ab ly  lower 
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\ 

\ 

\ 
\ 

0 

- a  - - -  
\ 
\ 

I I -2- 4%k-- 4 0 0  ' 600 8 0 0  1000 1200 
Compression Force  ( k g .  ) 

F I G U R E  2 3  
Comparative E f f e c t  o f  S t e a r i c  Acid and Macjnesiurn 
S t e a r a t e  on t h e  Adhesion Force  of Compress ib le  Hydrous 
Lac tose  T a b l e t s .  P e r c e n t  S t e a r i c  Acid,  c 0 .25 :  

( T h e  broken Lines  Link r e s u l t s  o b t a i n e d  from chipped  
t a b  l e t s  ) 

1 - 0 0 .  P e r c e n t  Magnesium S t e a r a t e ,  1 0 . 2 5 ;  1 . 0 0 .  

e j e c t i o n  f o r c e s  t h a n  d i d  magnesium s t e a r a t e .  Again,  

t h i s  would appea r  a t t r i - b u t a b l e  t o  t h e  s o f t e n i n g  of 

s t e a r i c  a c i d ,  t h e r e b y  f - a c i l i t a t i n g  t h e  s h e a r i n g  ofif 

of l u b r i c a n t  f i l m  a t  t h e  d i e  w a l l  upon t h e  e j e c t i o n  
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278 MITREVEJ AND AUGSBURGER 

of  t a b l e t s .  S i m i l a r l y ,  L e w i s  and S h o t t o n  ( 1 5 )  i n  a n  

e v a l u a t i o n  o f  s e v e r a l  l u b r i c a n t s  a t  t h e  2 %  l e v e l  i n  

a s u c r o s e  g r a n u l a t i o n  found t h a t  s t e a r i c  a c i d  ( m e l t i n g  

p o i n t  = 54OC) e x h i b i t e d  much lower e j ec t ion  f o r c e  t h a n  

d i d  magnesium s t e a r a t e  ( m e l t i n g  p o i n t  = 1 8 6 0 C ) .  The 

a u t h o r s  ( 1 5 )  sugges t ed  t h a t  lower m e l t i n g  p o i n t s  

p robab ly  f a c i l i t a t e  t h e  f o r m a t i o n  o f  l u b r i c a n t  f i l m s  

on t h e  d i e  w a l l .  

The adhes ion  f o r c e s  o b t a i n e d  w i t h  stearic a c i d  

were comparable  t o  t h o s e  o b t a i n e d  w i t h  magnesium 

s t e a r a t e  a t  t h e  0.25% l eve l s  ( F i g u r e  2 3 ) ,  b u t  much 

lower t h a n  t h o s e  observed  w i t h  magnesium stearate 

a t  1 . 0 0 %  l u b r i c a n t .  I t  appeared  t h a t  a t  1 . 0 0 %  l e v e l ,  

s tear ic  a c i d  w a s  more e f f i c i e n t  t h a n  magnesium 

s t e a r a t e  i n  r educ ing  b o t h  t h e  e j e c t i o n  f o r c e  and 

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

SUMMARY AND CONCLUSIONS 

The e f f e c t s  o f  b l e n d i n g  t i m e ,  r unn ing  t i m e  and 

l u b r i c a n t  c o n c e n t r a t i o n s  on t h e  a d h e s i o n  of d i r e c t l y  

compressed t a b l e t s  t o  t h e  lower punch f a c e  i n  a r o t a r y  

p r e s s  were s t u d i e d .  With 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  - 

magnesium s t e a r a t e  b l e n d s ,  a d h e s i o n  f o r c e  tended  t o  

d e c r e a s e  w i t h  i n c r e a s e d  b l e n d i n g  t i m e  o r  i n t e n s i t y  

o f  a g i t a t i o n .  T h i s  o b s e r v a t i o n  was a t t r i b u t e d  t o  a 

g r e a t e r  s u r f a c e  coverage  of t h e  f i l l e r  w i t h  l u b r i c a n t  

a t  l o n g e r  b l e n d i n g  t i m e s .  
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ADHESION OF TABLETS 27 9 

During th ree -hour  r u n s  w i t h  .Lubr ica ted  b a t c h e s  , 

bo-th mic roc r .y s : t a l l i ne  c e l l u l o s e  and l a c t o s e  f i l . L e r s  

e x h i b i t e d  a n  i n i t i a l  p a t t e r n  i n  which a d h e s i o n  f o r c e  

i n c r e a s e d  w h i l e  e j e c t i o n  f o r c e  d e c r e a s e d .  'The 

r e d u c t i o n  o f  e j e c t i o n  f o r c e  i n  bo th  cases s u g g e s t e d  

improved f o r c e  t r a n s m i s s i o n  th rough  t h e  compact due t o  

reduced  d i e  wall f r i c t i o n  which may a c c o u n t  f o r  t h e  

i n i t i a l  i n c r e a s e  i n  adhes ion .  The p r o g r e s s i v e  d e c r e a s e  

i n  adhes ion  f o l l o w i n g  t h e  a t t a i n m e n t  of  t h e  peak: 

val.ue ( e s p e c i a l l y  e v i d e n t  w i t h  l ac tose)  may i n d i c a t e  

p r o g r e s s i v e  c o n d i t i o n i n g  of t h e  punch f a c e .  

F u r t h e r  s t u d i e s  comparing l u b r i c a t e d  and 

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

t h e  ad.hesion of t a b l e t s  t o  t h e  lower punch may b'e 

t h e  n e t  r e s u l t  o f  two competing e f f e c t s :  (I) i n -  

c r e a s i n g  a d h e s i o n  due t:o a n  i n c r e a s e d  r e a c t i o n  a t  

t h e  lower punch f a c e  r e s u l t i n g  from reduced  d i e  w a l l  

f r i c t i o n ,  and ( 2 )  , r educ ing  a d h e s i o n  of  t h e  t a b l e t  

by v i r t u e  of t h e  s p e c i f i c  " a n t i - a d h e r e n t "  e f f e c t .  

Wi th in  t h e  r a n g e  o f  c o n c e n t r a t i o n s  studied, 

s t e a r i c  a c i d  g e n e r a l l y  appea red  t o  b e  less e f f i c i e n t  

t h a n  magnesium stearate i n  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  

b l e n d s ;  h i g h e r  a d h e s i o n  and e j e c t i o n  f o r c e s  ' w e r e  

o b t a i n e d  w i t h  s t e a r i c  a c i d  a t  a l l  cor respor td ing  

c o n c e n t r a t i o n s .  

With hydrous  l a c t o s e  l u b r i c a t e d  w i t h  v a r y i n g  

1.evels  of s t e a r  i c  a c i d ,  a d h e s i o n  f o r c e s  d e c r e a s e d  
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280 MITREVEJ AND AUGSBURGER 

markedly a t  0 .50% l u b r i c a n t  and g e n e r a l l y  i n c r e a s e d  

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

Such i n c r e a s e d  a d h e s i o n  beyond 0 .50% l e v e l  w a s  more 

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

T h i s  o b s e r v a t i o n s  may p o s s i b l y  be a t t r i b u t a b l e  t o  a 

s o f t e n i n g  o f  s tear ic  a c i d  ( m e l t i n g  p o i n t  = 5 4 O )  

p a r t i c u l a r l y  a t  t h e  h i g h e r  compress ion  f o r c e s .  With 

hydrous  lactose - magnesium stearate b l e n d s  , a d h e s i o n  

f o r c e s  w e r e  found t o  d e c r e a s e  g e n e r a l l y  w i t h  i n -  

c r e a s i n g  c o n c e n t r a t i o n  of magnesium s tearate .  

The a n t i a d h e s i o n  f u n c t i o n  of  s tear ic  a c i d  i n  

hydrous  lactose w a s  comparable  t o  t h a t  of magnesium 

s t e a r a t e  a t  l o w  l u b r i c a n t  l e v e l  ( 0 . 2 5 % ) ,  however, a t  

h i g h  l u b r i c a n t  l e v e l  (1.00%) stear ic  a c i d  appeared  t o  

be  more e f f i c i e n t  t h a n  magnesium stearate.  Stear ic  

a c i d ,  a t  t h e  h i g h  c o n c e n t r a t i o n ,  g e n e r a l l y  produced 

lower e j e c t i o n  forces t h a n  d i d  magnesium s tearate ,  

whereas  a t  t h e  l o w  c o n c e n t r a t i o n ,  h i g h e r  e j e c t i o n  

f o r c e s  w e r e  o b t a i n e d .  
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