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ABSTRACT 

The f r i c t i o n  between a t a b l e t  and the d i e  wal 

uated by comparison o f  the forces on the upper and 

i.e. fo rce  r a t i o  (R-value) o r  fo rce  d i f f e rence  (FD 

can be eva 1 - 
lower punches, 

, o r  by mea- 

sur ing  the forces on the lower punch immediately before e j e c t i o n  

(REF) o r  dur ing e j e c t  ion (EJF). These parameters were compared 

f o r  d i f f e r e n t  mater ia ls  using an instrumented single-punch press. 

The compaction load and the dimensions o f  the compact had an 

obvious in f luence on a l l  parameters studied. By co r rec t i ng  f o r  

d i f ferences i n  contact  area between t a b l e t  and the d i e  wa l l  i t  

appears p o s s i b l e , t o  e l im ina te  the in f luence on FD, REF and EJF 

from v a r i a t i o n  i n  t a b l e t  height.  Several compaction loads w i t h i n  

the range o f  i n te res t  have t o  be studied t o  ge t  a complete p i c -  

t u re  o f  the behaviour o f  a t a b l e t  granulate. The-d i f fe ren t  param- 

e te rs  d i d  not always g i ve  c o r r e l a t i n g  r e s u l t s  and EJF appears t o  

g i ve  the best p red ic t i on  o f  adhesion problems. 
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I NTRODUCT ION 

HOLZER AND SJOGREN 

Developments w i t h i n  e l e c t r o n i c  technology have made i t  

comparatively easy t o  study the fo rces  exerted dur ing  the cyc le  

o f  t a b l e t  compression. One o f  the obvious uses o f  t h i s  technique 

i s  the eva lua t i on  o f  f r i c t i o n  between the t a b l e t  and the d i e  w a l l .  

Such s tud ies  may be useful  f o r  eva lua t ion  o f  l ub r i can ts ,  o p t i -  

mizing t a b l e t  formulat ions,  de tec t ion  o f  p o t e n t i a l  r i s k s  o f  pro- 

duc t ion  t roub le ,  e t c .  

Various p r i n c i p a l  techniques have been suggested: measuring 

the degree o f  fo rce  t ransmission from the upper t o  the lower punch 

dur ing  compression, the e l a s t i c  fo rce  remaining on the lower punch 

when the upper pressure has been removed and the fo rce  necessary 

t o  e j e c t  the compact from the d ie .  The energy losses due t o  f r i c -  

t i o n  have a l s o  been subjected t o  d i r e c t  studies,  e i t h e r  by mea- 

sur ing  the heat developed (5) o r  by c a l c u l a t i o n  o f  the fo rce  - 
displacement i n t e g r a l s  (6, 7, 8 ) .  The f i r s t  two p r i n c i p l e s  can be 

the used on ly  on t a b l e t  presses where the fo rce  i s  app l ied  by 

upper punch r o v i n g  towards a s ta t i ona ry  lower punch. 

The degree o f  f o rce  t ransmission can be ca l cu la ted  e 

the r a t i o  between the  peak forces on the  lower and on the 

punch (R-value) (1) o r  as the d i f f e rence  between the two 

Both methods have been f requent ly  used. Nelson e t  a l .  ( I )  

t he r  as 

upper 

FD) ( 2 ) .  

reported 

as long ago as i n  1954 t h a t  the compressed t a b l e t  exerted a fo rce  

on the lower punch a f t e r  the upper punch l e f t  contact  w i t h  the  

t a b l e t  and t h i s  remaining fo rce  (REF) has been suggested as a 

measure o f  the f r i c t i o n  between t a b l e t  and d i e  (4 ) .  The e j e c t i o n  

fo rce  (EJF), i .e. the  maximum fo rce  on the lower punch dur ing  

e j e c t i o n  o f  the t a b l e t  from the die,  appears t o  be the most 

commonly used parameter i n  s tud ies  on t a b l e t  f r i c t i o n  ( 3 ) .  
Many papers have been publ ished but few d e t a i l s  a re  given on 

the  in f luence o f  experimental f ac to rs  on the r e s u l t s  and on how 

d i f f e r e n t  methods co r re la te .  The aim o f  t h i s  study was t o  compare 

some c o m n  methods and t o  e s t a b l i s h  s u i t a b l e  experimental condi-  

t i o n s  f o r  the studies.  
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EVALUATION OF FRICTION 25 

EXPERIMENTAL 

Equ i pmen t 

We used a s 

11.3 mm diameter 

inser ted  between 

a ngle-punch press w i t h  f l a t  punches o f  8.0 and 

Cal ib ra ted  p iezoe lec t r i c  fo rce  transducersb were 

the punch c o l l a r s  and the shortened punch holders. 

The s igna ls  from the fo rce  transducers were amp l i f i ed  by a charge 

amp1 i f i e r '  and recorded by 500 Hz m i r r o r  galvanometersd. To enable 

b e t t e r  determinat ion o f  the remaining and the e j e c t i o n  forces the 

lower punch fo rce  s igna l  was a l so  amp l i f i ed  ten t imes i n  an expan- 

s ion  a m p l i f i e r  . Each galvanometer was connected w i t h  a p r o t e c t i v e  

c i r c u i t  t o  prevent damage by excessively h igh  signals.  A p o t e n t i -  

ometer, introduced i n  ser ies  w i t h  each charge a m p l i f i e r  output 

and the UV-recorder,enabled adjustment o f  the s igna ls  from the 

amp l i f i e rs .  An e l e c t r o n i c  c a l i b r a t i o n  u n i t e  cons is t i ng  o f  a h igh  

q u a l i t y  capac i to r  (9 400 pF k 1 %) was used t o  c a l i b r a t e  the charge 

a m p l i f i e r s  and the galvanometers. By g i v i n g  exac t l y  known vol tage 

inputs from a s t a b i l i z e d  r e c t i f i e r  potentiometer u n i t  known 

vered t o  the a m p l i f i e r  u n i t s .  The whole 

es t  was ca l i b ra ted .  An induc t ive  displacement 

t o  record the upper punch displacement. 

e 

e 

e 

charges could be del  

charge range o f  i n t e  
f transducer was used 

Procedure 

The punches and fo rce  transducers were locked by the punch 

r e t a i n i n g  screws w i t h  a very low fo rce  and the  d i e  was fastened 

c a r e f u l l y  so t h a t  the lower punch cou ld  move f r e e l y .  The ad jus t -  

ment o f  the fo rce  transducers was checked before each experiment 

by pressing the  punches towards each o ther  and comparing the 

galvanometer recordings. A t  the beginning o f  each experiment 

approximately 50 t a b l e t s  were run a t  the highest compression load 

i n  o rder  t o  cond i t i on  the d i e  wa l l .  During the experiment ten 

t a b l e t s  were compressed a t  each fo rce  range before f i v e  recordings 

were taken. A f t e r  each experiment the d i e  and punches were cleaned 

w i t h  hot water and pol ished w i t h . s o f t  paper t issues. Each ser ies  
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26 HOLZER AND SJOGREN 

was repeated on another occasion and the values given i n  f i g s  1-4 
represent the mean values. The experiments were performed a t  an 

a i r  humidi ty o f  30-40 % R.H. The machine speed appeared t o  have a 

n e g l i g i b l e  e f f e c t  on the r e s u l t s  and we used a speed o f  30 t ab le t s  

per minute. The t a b l e t  th ickness was measured w i t h  a micrometer 

c a l l i p e r  immediately a f t e r  compression and the  galvanometer 

recordings were measured w i t h  s l i d e  c a l l i p e r s .  

Mate r i a 1 s 

Four ma te r ia l s  s u i t a b l e  f o r  d i r e c t  compression were studied: 

anhydrous lac tose  U.S.P.', ace ty l sa l  icy1 i c  a c i d  B.P.h, micro- 

c r y s t a l l i n e  c e l l u l o s e  N.F. and a granulated corn s ta rch  . I n  some 

experiments the anhydrous lactose powder was lub r i ca ted  w i t h  mag- 

nesium s teara te  U.S.P. . 

i k 

m 

The pure ma te r ia l s  were passed through a 0.7 mm sieve. The 

magnesium s teara te  was passed through a 0.2 mm s ieve and was mixed 

i n t o  the lactose w i t h  a paper card  i n  a bowl f o r  5 minutes and the 

mixture was f i n a l l y  passed through a 0 . 7  mm sieve. 

RESULTS 

Pressure and Tablet  Dimensions 

A mix tu re  o f  lactose and 0.25 % w/w magnesium s teara te  was 

compressed a t  d i f f e r e n t  loads and t o  d i f f e r e n t  t a b l e t  dimensions. 

The R-value, the  fo rce  d i f f e rence  (FD), the remaining force (REF) 

and e j e c t i o n  fo rce  (EJF) were determined. 

The R-value was c l e a r l y  dependent on the  compression load, 

as shown i n  f i g .  1.  A t  h igher pressures a r e l a t i v e l y  g rea ter  p a r t  

o f  the app l i ed  fo rce  was t ransmi t ted  t o  the lower punch. Thicker 

t a b l e t s  gave lower R-values bu t  the  t a b l e t  diameter appeared t o  

be less important. The d i f f e rence  between the upper and lower punch 

forces (FD) was almost l i n e a r l y  re la ted  t o  the  compaction load, 

see f i g .  1 .  A t  corresponding pressures th inner  t a b l e t  gave lower 

FD-values than t h i c k e r  ones. To reduce the in f luence o f  the t a b l e t  
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EVALUATION OF FRICTION 27 

2.5 i 

I I I I 
0' 100 200 300 400 0 100 200 300 400 

max UPP,MPa 

FIGURE 1 

Punch fo rce  r a t i o  (R-value), fo rce  d i f f e rence  (FD) and FD per d i e  
wa l l  contact area (FO/A) a t  var ious app l ied  pressures (UPP) f o r  
t ab le ts  o f  d i f f e r e n t  dimensions. 
Mater ia l :  Lactose + 0.25 % Mg-stearate. 

O T a b l e t  weight 0.25 g 
0 I' 0.35 g 
A 1 1  0.50 g 
A 1 1  I' 0.70 g 

Diameter 0.80 cm 
II 0.80 cm 
II 1.13 cm 
II 1.13 cm 

dimensions, the fo rce  d i f f e rence  per contact  surface area between 

t a b l e t  and d i e  wa l l  was ca lcu la ted  as suggested by Rees 8 Shotton 

( 9 ) .  Plo ts  o f  these area-compensated fo rce  d i f fe rences  (FD/A) s. 
upper punch pressure (UPP) y ie lded almost the same s t r a i g h t  l i n e  

f o r  a l l  t a b l e t  dimensions. 
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28 HOLZER ANTI SJOGREN 

The remaining fo rce  (REF) and the e j e c t i o n  fo rce  (EJF)  

behaved i n  a s i m i l a r  way as FD (see f i g .  2 ) .  The higher the  

compaction load and the t h i c k e r  the  t a b l e t s  the g rea te r  were the 

REF and EJF values. Compensation f o r  the contact  surface areas 

i n  the same way as above reduced the in f luence o f  the  t a b l e t  t h i c k -  

ness altd when p l o t t e d  against  UPP the  r e s u l t s  f o r  each diameter 

could be approximated by a s i n g l e  s t r a i g h t  l i n e .  

1- 
400 

-I- 
400 

max UPP,MPa 

FIGURE 2 

Remaining force (REF) ,  e j e c t i o n  fo rce  ( E J F ) ,  REF and EJF per d i e  
wa l l  con tac t  area (REF/A and EJF/A resp.) a t  var ious  app l i ed  
pressures (UPP) f o r  t a b l e t s  o f  d i f f e r e n t  dimensions. Ma te r ia l  
and symbols see f i g .  I .  
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EVALUATION OF FRICTION 29 

Lubr i ca t i on  

The e f f e c t  o f  add i t i on  o f  magnesium s teara te  on the f r i c t i o n a l  

p roper t i es  o f  lactose was studied i n  a second ser ies  o f  experiments 

and f i g .  3 summarizes the resu l t s .  The t a b l e t  weight was ca l cu la ted  

from the  t rue  dens i ty  o f  the ma te r ia l s  t o  g i ve  t a b l e t s  3.05 mm 

0.31 #- 
L 

1 I I I 

0 100 200 300 400 

I T 

0.41 

(u 
I 

0 100 200 300 400 

max UPP,MPa 

F I G U R E  3 

E f f e c t  o f  Mg-stearate add i t ions  on R-value, FD/A,  REF/A and 
E J F / A  a t  var ious app l ied  pressures ( U P P ) .  

+ Lactose 
0 + 0.10 % Mg-stearate 
A + 0.75 % Mg-stearate 
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HDLZER AND SJOGREN 30 

t h i c k  a 

punches 

paper t 

z e r o  poros 

and d i e  wal 

ssues a f t e r  

t y .  Pure 

and they 

eve ry  t h i  

ac tose  gave severe adhesion t o  t h e  

had t o  be c leaned w i t h  water  and 

d t a b l e t .  The R-value increased w i t h  

h i g h e r  l u b r i c a n t  c o n c e n t r a t i o n ,  as expected. The i n f l u e n c e  o f  t h e  

p ressu re  was most pronounced f o r  t h e  u n l u b r i c a t e d  l a c t o s e .  The 

a r e a - c o r r e c t e d  va lues o f  t h e  f o r c e  d i f f e r e n c e  (FD/A) gave s t r a i g h t  

l i n e s  f o r  t h e  t h r e e  composi t ions when p l o t t e d  a g a i n s t  UPP. The 

s lope  o f  t he  l i n e s  was lower  a t  h i g h e r  s t e a r a t e  c o n c e n t r a t i o n s ,  

i n d i c a t i n g  lower  f r i c t i o n a l  l osses .  P l o t s  o f  REF/A and EJF/A E. 
UPP were l i n e a r  ove r  a l a r g e  range o f  p ressu res .  U n l u b r i c a t e d  

l a c t o s e  showed a remarkably g r e a t  s c a t t e r  i n  the  REF/A p l o t .  The 

a d d i t i o n  o f  o n l y  0.1 % Mg-stearate e l i m i n a t e d  t h i s  s c a t t e r .  A l l  

c a t i n g  e f f e c t  o f  magnesium 

p i c t u r e ,  i .e. more s t e a r a t e ,  

t h e  methods o f  e s t i m a t i n g  t h e  l u b r  

s t e a r a t e  gave t h e  same q u a l i t a t i v e  

l e s s  f r i c t i o n .  

Substances 

I n  ano the r  s e r i e s  o f  exper iments l ac tose ,  a c e t y l s a l i c y l 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  and g r a n u l a t e d  c o r n  s t a r c h  were 

s t u d i e d  i n  t h e  same way. The t a b l e t  we igh t  was chosen as i n  t h e  

p r e v i o u s  s e r i e s  except  f o 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  where the  

z e r o  p o r o s i t y  h e i g h t  was 2.25 mm due t o  t h e  low b u l k  d e n s i t y  of 

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

be t a b l e t e d  w i t h o u t  problems. The r e s u l t s  a r e  g i v e n  i n  f i g .  4 .  
The R-value increased w i t h  p ressu re  f o r  a l l  t h e  f o u r  m a t e r i -  

a l s  b u t  l e s s  for c e l l u l o s e  than  f o r  t h e  o t h e r  substances. The 

rank ing  o r d e r  o f  t h e  m a t e r i a l s  acco rd ing  t o  t h e i r  R-values was 

consequent ly  dependent on t h e  p ressu re  l e v q l  chosen. A t  l o w  

pressures,  e.g. < 100 MPa, c e l l u l o s e  gave t h e  h i g h e s t  R-values 

w h i l e  i t  gave t h e  second lowest  a t  h i g h e r  pressures.  P l o t s  o f  FD/A 

a g a i n s t  UPP were l i n e a r  o v e r  t h e  whole p ressu re  range f o r  m ic ro -  

c r y s t a l l i n e  c e l l u l o s e  and l a c t o s e  b u t  were l i n e a r  o n l y  below about 

150 MPa f o r  t h e  o t h e r  two substances. S u r p r i s i n g l y  enough, a l l  

f o u r  m a t e r i a l s  gave s i m i l a r  FD/A va lues  a t  normal t a b l e t i n g  

p ressu res  (50-150 MPa). 
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EVALUATION OF FRLCTION 

0.8 

0.7 - 
2 0.6- 
0)  0 

9 
& 0.5 

0.4 

I I I 

0 100 200 300 400 

- 0 100 200 300 400 

31 

101 0 

8 I 

0 100 200 300 400 
max UPP,MPa 

FIGURE 4 

R-value, FD/A, REF/A and EJF/A at various applied pressures 
(UPP) for different substances. 
0 Microcrystalline cellulose 

Acetylsalicylic acid 
A Lactose anhydrous 
A Corn starch, granulated 

Plots of REF/A against UPP were linear up to about 150 MPa 
for acetylsal icy1 ic acid and starch, and up to about 100 MPa for 
microcrystalline cellulose and no such scatter as for lactose was 
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32 HDLZER AND SJOGREN 

seen. A t  h i g h e r  pressures,  however, t h e  c e l l u l o s e  va lues  s c a t t e r e d  

c o n s i d e r a b l y  and d i d  n o t  i nc rease  w i t h  p ressu re .  Except f o r  l a c -  

tose,  t h e  r e s u l t s  o f  t h e  e j e c t i o n  f o r c e  c a l c u l a t i o n s  were ve ry  

s i m i l a r  t o  those o f  t h e  REF/A. 

DISCUSSION 

When a powder mass i s  exposed t o  an a x i a l  f o r c e  t h e  p ressu re  

i s  n o t  o n l y  t r a n s m i t t e d  i n  an a x i a l  d i r e c t i o n  b u t  a l s o  r a d i a l l y .  

The r a t i o  o f  r a d i a l  to  a x i a l  s t r e s s  d u r i n g  a t a b l e t  compression 

c y c l e  has been s tud ied ,  f o r  example, by Long (10)  and Car less  & 

Le igh  ( I I ) ,  who showed a l i n e a r  r e l a t i o n s h i p  between t h e  r a d i a l  

and a x i a l  s t r e s s e s  up to  a c e r t a i n  l i m i t  when t h e  a x i a l  p ressu re  

was increased.  A f t e r  maximum p ressu re  t h e  r a d i a l  s t r e s s  f e l l  more 

s l o w l y  than t h e  a x i a l  s t r e s s  and a c e r t a i n  r a d i a l  f o r c e  s t i l l  r e -  

mained a f t e r  t he  a x i a l  f o r c e  had ceased. T h i s  remain ing f o r c e  was 

r e l a t e d  t o  t h e  maximal l oad  a p p l i e d  b u t  depended o n t h e  p r o p e r t i e s  

o f  t h e  t a b l e t  m a t e r i a l  as w e l l  (Higuchi  e t  a l .  12, Long 10 ) .  

Accord ing t o  Amontons’s law (18) t h e  f r i c t i o n a l  f o r c e  between 

a t a b l e t  and t h e  d i e  w a l l  shou ld  be dependent on t h e  r a d i a l  p res -  

su re  e x e r t e d  by t h e  t a b l e t  and t h e  c o n t a c t  s u r f a c e  area w i t h  t h e  

d i e .  The a p p l i e d  a x i a l  l oad  can t h e r e f o r e  be expected t o  have 

g r e a t  i n f l u e n c e  on t h e  f r i c t i o n  and a l l  parameters s t u d i e d  i n  o u r  

i n v e s t i g a t i o n  proved t o  be c l e a r l y  p ressu re  dependent. The r a t i o  

between lower  and upper punch p ressu re  (R-value) m igh t  be inde-  

pendent o f  t h e  a p p l i e d  p r e s s u r e  b u t  o u r  r e s u l t s ,  as w e l l  as 

p r e v i o u s l y  p u b l i s h e d  d a t a  ( 1 3 ) ,  show t h a t  t h e  R-value u s u a l l y  i n -  

creased w i t h  i n c r e a s i n g  p ressu re .  T h i s  may p a r t l y  be e x p l a i n e d  by 

the  decrease o f  t h e  c o n t a c t  s u r f a c e  area due t o  h i g h e r  p ressu re  

( 1 4 ,  IS) b u t  a s imp le  way o f  compensating f o r  these changes c o u l d  

n o t  be found i n  o u r  exper iments.  

The o t h e r  th reeparamete rs  s t u d i e d  were approx ima te l y  l i n e a r l y  

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

range. 
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NALUATION OF FRICTION 33 

The contact  surface area between t a b l e t  and d i e  wa l l  had the 

expected in f luence on the r e s u l t s  and c a l c u l a t i o n  o f  the forces 

per u n i t  area reduced the in f luence o f  the t a b l e t  dimension con- 

s iderab ly ,  which i s  i n  agreement w i t h  e a r l i e r  experiences ( I ,  9,  
19) .  As long as the same punch and d i e  se t  i s  used i t  appears 

poss ib le  t o  compare resu l t s  obtained w i t h  t a b l e t s  o f  d i f f e r e n t  

heights by using t h i s  co r rec t i on .  

The l i n e a r  pa r t s  o f  the p l o t s  o f  FD/A, EJF/A o r  REF/A E. UPP 

genera l l y  gave in te rcepts  when extrapolated back t o  zero UPP. Con- 

sequently, there  i s  not  always a d i r e c t  p r o p o r t i o n a l i t y  between 

these parameters and UPP and the  r e s u l t s  cannot e a s i l y  be cor -  

rected f o r  d i f fe rences  i n  the app l ied  load. I n  our opinion, 

measurements o f  t a b l e t  f r i c t i o n  should there fore  be performed a t  

several d i f f e r e n t  pressures w i t h i n  the range o f  i n te res t .  

The d i f f e r e n t  parameters d i d  not g i ve  a unanimous p i c t u r e  o f  

the f r i c t i o n a l  p roper t ies  f o r  a l l  mater ia ls  inves t iga ted  and t h i s  

i s  i n  i t s e l f  not su rp r i s ing  as they measure the f r i c t i o n  dur ing  

d i f f e r e n t  phases o f  the compression cyc le .  The R-value and FD/A 

are  measured a t  the pressure maximum and consequently g i ve  an 

es t imat ion  of the f r i c t i o n  dur ing  the actual  compression stage. 

De Blaey e t  a l .  ( 7 )  and J u s l i n  6 JSrvinen (8) have suggested 

measuring the t o t a l  work o f  f r i c t i o n  ca lcu la ted  as the i n teg ra l  o f  

FD t o  upper punch displacement o r  a func t i on  o f  t h i s  i n teg ra l .  I n  

some o f  our experiments we tes ted  whether these in teg ra l s  might 

g i v e  another p i c t u r e  than FD but the i n teg ra l s  cor re la ted  very 

we l l  w i t h  the maximum fo rce  d i f fe rences  and gave no fu r the r  i n f o r -  

mation. For es t imat ion  o f  the f r i c t i o n a l  losses dur ing  the com- 

pression o f  a t a b l e t  granulate,  FD/A seems t o  be the most s u i t a b l e  

parameter but i t  appears t o  be o f  l i m i t e d  value f o r  the p red ic t i on  

o f  other t a b l e t i n g  problems. Compare, f o r  instance, the i n s i g n i f -  

i can t  d i f f e rence  i n  respect o f  FD/A between lac tose  and the other 

mater ia ls  i n  f i g .  4. Lactose t a b l e t s  gave severe adhesion t o  the 

punches and d i e  wh i le  the o ther  mater ia ls  gave no great problems. 
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34 HOLZER AND SJOGREN 

The remaining fo rce  on the lower punch i s  caused by the 

e l a s t i c  expansion o f  the t a b l e t ,  and o f  var ious machine pa r t s .  

The r e p r o d u c i b i l i t y  i n  REF/A depends very much on the d i e  

being c l o s e l y  fastened and being unable t o  move upwards. Provided 

tha t  the f r i c t i o n  between the lower punch and the d i e  wa 1 i s  

n e g l i g i b l e ,  the e l a s t i c  f o rce  i n  the a x i a l  d i r e c t i o n  can never 

exceed the magnitude o f  f r i c t i o n  between the t a b l e t  and he d i e  

wa l l .  The use o f  REF/A as a measure o f  f r i c t i o n  i s  based upon the 

assumption t h a t  the expansion fo rce  i s  equal t o  o r  exceeds the 

f r i c t i o n  fo rce  so tha t  an e q u i l i b r i u m  between these two forces i s  

achieved. Th is  i s  obv ious ly  no t  always the case. Unlubr icated 

lactose, p a r t i c u l a r l y ,  gave REF/A values f a r  below the expected 

ones. Tablet  masses which b ind  t o  s t rong t a b l e t s  a re  usua l l y  

character ized by a la rge  remaining r a d i a l  f o rce  (16, 17) and t h i s  

may exp la in  why the 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  gave r e l a t i v e l y  

h igh  REF/A values a t  low pressures.The e l a s t i c  expansion a f t e r  

compression a t  h igher loads w i l l  probably reduce the  r a d i a l  

pressure and exp la in  the  grea t  sca t te r  i n  t h i s  region. E J F / A  

a lso  showed the same pressure dependency f o r  c e l l u l o s e  and the 

c o r r e l a t i o n  between REF/A and E J F / A  was very good ( r  = 0.984) .  I n  

t h i s  case REF A was always higher than E J F / A ,  i n  con t ras t  t o  the 

other mater ia s. O f  the parameters studied, E J F / A  seems t o  g i ve  

the best pred c t i o n  o f  r i s k  f o r  adhesional problems. 

CONCLUSIONS 

A l l  parameters used f o r  s tud ies  on t a b l e t  f r i c t i o n  are  

inf luenced by the compaction load and by the dimensions o f  the  

compact. To compare r e s u l t s  from d i f f e r e n t  ma te r ia l s  o r  from 

d i f f e r e n t  s tud ies  i t  i s  consequently necessary t o  standardize 

c a r e f u l l y  the experimental cond i t ions  o r  t o  c o r r e c t  f o r  the 

va r ia t i ons .  Di f ferences i n  the t a b l e t  he igh t  can be cor rec ted  

fo r  by c a l c u l a t i n g  the f r i c t i o n  per u n i t  area. A s  the r e l a t i o n s h i p  

between the s tud ied  f r i c t i o n  parameters and the app l ied  load may 
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EVALUATION OF FRICTION 35 

vary f o r  d i f f e r e n t  mater ia ls ,  the studies have t o  be performed a t  

several l eve l s  i n  the range o f  i n te res t .  

The studied parameters c o r r e l a t e  t o  each other on ly  t o  a 

c e r t a i n  ex ten t .  FD/A o r  R g ive  es t imat ion  o f  the f r i c t i o n a l  losses 

dur ing  the compaction o f  the mater ia ls  and EJF/A o f  the losses 

dur ing  the e j e c t i o n  o f  the t a b l e t  from the d ie .  EJF/A appears t o  

g ive  the best p red ic t i on  o f  the tendency t o  s t i c k  t o  the d i e  w a l l .  

REF/A seems t o  be less su i tab le  f o r  t h i s  purpose. 

ABBREVIATIONS 

EJ F 

EJ F/A 

FD 

FD/A 

MPa 

REF 

REF/A 

R-va 1 ue 

UPP 

a 

b 

C 

d 

e 

h 

E jec t  ion force 

E jec t ion  fo rce  per u n i t  area 

Force d i f ference 

Force d i f f e rence  per u n i t  area 

Pressure un i t ,  1 MPa = 1 MNme2 o r  145 P s i  

Rema i n  i ng fo rce  

Remaining fo rce  per u n i t  area 

Punch fo rce  r a t i o  

Upper punch pressure 

FOOTNOTES 

Single punch press type KS, K i l i a n  t Co GmbH, K6ln-Niehl 

K i s t l e r  type 902A. K i s t l e r  l n s t r u m n t e  AG, CH-8408 
W i  n te r thu r ,  Sw i  t ze r  1 and 

K i s t l e r  type 5001, address see above 

UV-recorder U l t r a l e t t e  5656. M i r r o r  galvanometers type 5831/N 
500 Hz. A t las  Copco ABEM AB, S-121 20 Eroma 20, Sweden 

Made a t  the 
Sweden 

Transducer PR 9314/10, P h i l  1 ips Industry,  Eindhoven, Holland 

Lactose anhydrous U.S.P., She f f i e ld  Chemical Co., Norwich, 
New York, USA 

ASA Monsanto 7023 B.P., Monsanto Chem. Rouabon, U.K. 

workshop o f  AB Hlssle,  Fack, 5-431 20 Miilndal, 
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i 

k STA-Rx 1500, A.E. Staley Mfg Company, Decatur, I l l . ,  USA 

m Magnesium s teara te  U.S.P., Unem 4850. Unilever-Emery Gouda, 

Av ice lR P H l O l  N.F., FMC Corp. American Viscose D iv i s ion ,  
Markus Hook, Pa., USA 

R 

Po box 2, NV, Hol land 
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