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ABSTRACT 

This study describes instrumentation to measure the adhesion 

of tablets to the lower punch face by OWM of a s t r a i n  gaged 

cant i lever  ham affixed to the feed frame i n  Front of the smep-otf 

blade. Th. tablet i s  detached from the lower punch by s t r i k i n g  t h i s  

blad.. Ttu adinsion force is t he  total force m a s u r d  by the beam 

less that duo to tha -ntum of the tablet. Tableting w s  per- 

formod on a Stokes RB-2 press  previously instrumented to monitor 

compression and ejection forces.  Generally, the higher t h e  

compression force, or the lanr the magnesium stearate concentration, 

the  higher the .dhasioo in three d i r e c t  compression fillers 

(compressible sugar, microcrystal l ine cellulose, lactose) .  W i t h  

microcrystal l ine ce l lu lose  (0.1% magnesium s t e a r a t e ) ,  adltrsion 

decreased with increased t a b l e t  thickness or decreased tablac 

diameter (COMtaZN th&ckness) at constant compression pressure 

Simultaneous Ya8urmnt of e jec t ion  forces revealed t h a t  

differenccas in true lubr icsn t  e f f ic iency  d id  not necessar i ly  
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332 M1TXEVE.J AND AUCSBURCER 

r e f l e c t  d l f f e r e n c e s  in adhesion. The a b i l i t y  to  d i s t i n q u i s h  

d i f f e r e u c e s  i n  adliesion o f f e r s  promise in a s s i s t i n g  in t he  

r a t i o n a l  des ign  of t a b l e t  formulations.  

INTROWCTION 

Slnce t h e  e a r l y  days of t a b l e t i n g ,  l u b r i c a n t s  have been 

lncluded i n  t a b l e t  formula t ions .  Added la small q u a n t i t i e s ,  

t hese  agen t s  s e n e  in  t h r e e  ways to  improve t h e  p rocess ing  

s h a r o c t e r i s t l c s  of the  formula t ion  (1): (1) prevent ing  s t i c k i n g  

t o  punch f a c e s  and the  d i e  wull ("antiadirerent" a c t i v i t y ) ;  ( 2 )  

improving the  flow p r o p e r t i e s  of t he  fo rmi lo t ion  ("glidant" 

a c t i v i t y ) ;  and (3) reducing frictioa 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  du r lng  t a b l e t  E o r u t i o n  and e j e c t i o n  ("true l u b r i c a n t "  

a c t i v i t y ) .  A given lub r i ca i i t  moy posses s  one o r  more of t hese  

a c t i v i t i e s  t o  vary ing  degree9 and foravilucors o f t e n  combine such 

agen t s  i n  an a t tempt  to opt imize  these  process ing  c h a r a c t e r i s t i c s .  

The a p p l i c a t i o n  of i n a t r w l r n c a t l o n  technology t o  t a b l e t i n g  

equlpment has  p e r r i t t e d  the  q u a n t i t a t i v e  eva lua t ion  of t he  t r u e  

l u b r i c a n t  ePEfciecicy of l u b r i c a n t s  through the measurement of such 

paramotors as e j e c t i o n  f o r c e  (2) .  R-value ( 3 ) -  f o r c e  l o s t  t o  t h e  

die w a l l  ( 4 ) .  Glidant act iv i ty  haa been quantitated by such 

ran.  as rate of flow umrements (51,  anq le  of repose measure- 

m e n t s  ( 6 ) .  rotational v i s c a r t r y  (71, and the a n a l y s i s  of tablet 

weight variation (a ) .  Hoyaver, a n t i a d h u e n t  a c t i v i t y  con t inues  

to be eva lua ted  primarily by i m p a c t i o n  of t o o l i n g ,  and feu 

a t t empt s  a t  g u m t i t a t i o n  have h reported. 

Naito a t  a l .  (9.10) reportmi a davico d e a i g n d  to meamre 

tM 'slipping force'  ktuesn the tablet surface and t h e  uppap 
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A D W I O l  OF TAILETs. I 333 

punch face. 'Ihe tablets i n r e  corpresaed on an instrumented s ingle  

punch press  f i t t d  w i t h  a modified upper puncti aapapbly and a 

s p l i t  die.  

Mtar each tablet compression, tho i n t ac t  uep.r punch-tablet 

d io  u u r b l y  was t ramfar red  to a device which measured the force 

raquired to rotat. the uppor punch while tho tablet w a s  held 

~ t . t i ~ ~ r y  i n  tho die. 

were evaluated and data wzo presonted which ahwed tha t  s l ipping 

force masura~urts could b. used to predict  tlu tendency of these 

forrulat iona to s t ick .  

The uppor punch was not ret ractad a f t e r  compression. 

Nuyrous d i roc t  compression f o w l a t i o n s  

Ihcurt ly  R i t t u  and coworkers (11) quant i ta ted tablet 

a t r ippabi l i ty  using an 'instrumntd s t r a i n  gage measuring arm' of 

a rotary tablat amchine. Four foraulatiana w r a  tosted. Three 

of thu ap10y.d mixtures of polyetbylano glycol 4000 &nd lactose 

granulation LI various proportiom as baao materials,  and 0.5b 

silk&-typo glidurt. 

lactow granulation ud 1% magnesium stearate. %'he mixtures were 

coqtessd  a t  ditferemt compression forcoe. Thoy concluded that 

tho atripping force of tho tablets decreased with decreasing 

polyethylene glycol 4000 concentration i n  the mixtures, and 

increased with increasing tha umpreasion force or running t i m e  

with aom rixturos. 

n n t  or calibration of ttU measuring device. 

'Ih. fourth formulation contained only 

No details inre  given of the design, place- 

Th present rtudy details the design and cal ibrat ion of 

ins+ruwatation to -ure the adhasion of tablets to.th0 lover 

punch fACr LA a rotary tablet press. This instrumentation is used 
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to s tudy  s e v e r a l  basic f a c t o r s  which night i n f l u e n c e  the adhes ion  

of tablets prepared from r e p r e s e n t a t i v e  direct compression fillers, 

These f a c t o r s  i nc lude  coapteeaion force, l u b r i c a n t  l e v e l ,  tablet 

d ioans iona ,  and d i f f e r e n t  g rades  of magnesium stearate. I n  

a d d i t i o n ,  adhesion data are colparrd w i t h  e j e c t i o n  f o r c e  data in 

c e r t a i n  cases. 

EXPERXIIENTAL 

Ossc r ip t ion  of Ins t rument  and Rat iona le .  

A l l  t a b l e t i n q  was parformed on a S tokes  88-2 rotary tablet 

press (Stokes Engineering, Ph i l ade lph ia ,  PA) which had been 

instrumented u1 p r e v i o w l y  d e r t i b a d  (12) w i t h  reaistance s t r a i n  

gag- to monltor colpreaaion and ejection force.. 

After a tablet is ejected fro- the die it is swept off the 

lowmr punch by a bhda attached to tho front of the f e d  frame. 

I n  w doing, the awep-oft blade uurta a quant i ty  of f o r c e  

s u f f i c i e n t  to o v e r w n  both tha adhesion o f  t h e  tablet to the 

Parer punch face aa v d l  aa the W t u m  o f  t h e  tablet, h this 

study, an i n s t r u m n t d  cant ihvex bru  w a s  affixed to me faad fgama 

in front of t h e  sueep-off bladr. f iw,  tho tablet is detachad 

f r o m  the lowr punch face by striking the 1nst.mnmnt.d ham, 

Unraby allowing th. vgnftud. o f  tho swep-off for- to be 

muurmd. 

A tempored s t a i n l a a a  steel blade, u outlined in Figure 1, 

w 8 8  chr#rn for th. i n m t r w n t e d  &am. The width of the beam 

ma 8 h . t  i d e n t i c a l  tp that o f  the sueep-df blade.  
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ADHESION OF TAB-. I 
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FICUHB 1 
Outliae Sketch of Iustrumentcd Beam 
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336 MX'PBEVW AND AUCSBURGEB 

I n s t a l l a t i o n  of S t r a i n  Gages and C i r c u i q .  

A p a i r  of metal f o i l  resistance .salf-terparature-coRpcnsatedD 

s t r a i n  gaqes (type CeA-06-125UT-120, Wicro-masuremnts ,  Rowrlus, 

M I  46174) e r e  bonded to either side of  the k ~ .  Such gages 

a l l w  close matching of the t h e m 1  expension c o e f f i c i e n t  of gage 

e l e m n t s  wi th  t h a t  o t  the s t r u c t u r e  to uhich they  are bonded. 

The s t r a i n  qaqa c o n f i g u r a t i o n  chosen c o n s i s t e d  of hra g r i d  

e lements ,  perpendicular to each  otJier, munted a long  t h e  l enq th  

of the gage backinq. me qages u e r e  o r i e n t e d  so t h a t  one  of each 

p a i r  w a s  p a r a l l e l  to the major s t r a i n  ax is .  Bonding o f  t h e  gages 

uas carried o u t  accord ing  tu a s t anda rd  procedure provided  by the 

a t t a i n  gaqo manufacturer ( 3 ) .  The gag08 were mounted such that 

the c e n t e r  a l i g n r a n t  mark of one qaqe uas p e r f e c t l y  matched w i t h  

the c a n t e r  alignment of t h e  qaqe on the opposite a i d e  of the 

ban. A s i a l a r  procedure  -8 used for bonding a four post 

tardm4 s t r i p  below one set of t h e  gages. 

Tho qaqa elemmnts parallel to the axis of the beam uere 

conMct8d i n  ad jacen t  arms of a Wheatstone br idge .  The gage 

elements perpendicular to the bear axis served a s  "Poisson" 

gages and completed the Wheatstom bridqe circuit. This four-gage 

bridqe a r r a n q m n t  achieves bo th  maximm s e n s i t i v i t y  and l i n e a r  

ou tput .  and prov ide r  additional t-rature coupenaation. 

A shielded four conductor cable w i t h  a ground w i r e  waa wed 

to connect the b r i d g e  to a carrier p r e a m p l i f i e r  ( H e w l e t t  Packard. 

-el 8805A. Pa lo  A l t o ,  CA 94306). The adhes ion  e v e n t o  d e t e c t M  

by the i n s m n t e d  bau,  was monitored by aarrsurinq the bridqe 
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Iw1BsION OF =LETS, I 337 

unbalance voltage using this carrier preamplifier and rvcorded 

on an osc i l lographic  recorder (Hevlett Packard, Oacilloqraphic 

Recording System 77028, Palo Alto, CA 94306) or displayed on an 

o a O i l l o ~ p e  (Tektronix SlO3N O s c f l l o s c o p e  System, Beaverton, OR 

97005). 

Assaiblv of Peed Frame w i t h  Instrumanted war. 

The f a r  end of tlm instnmentod beam (away from the tablet 

sweepoff s i te)  u u  rigidly f a s t a n d  to the feed f r u e  i n  f r o n t  

of the sveep-off blade by naris of two bolts. aluminum spacer 

provided a clearance of approxirutely 1 a. betwarn the ins t ru-  

r n t a d  beam and the suoep-off blade. Ih. asserb1.d mdified feed 

framm uas aountd on the ro ta ry  tablet press  i n  the usual manner 

(Figure 2). 

Calibrat ion of the Ins t rumntad  Beam. 

Calibrat ion is necessary to convert  the osci l lographic  

SigMlS to force readings. I t  is e s s e n t i a l  to k n w  the pos i t ion  

a t  uhiah the tablet atrikes the instrurontcrd bear. To locate 

this position, tho modified feed frame uae mounted on the tablet 

press. h small batch of powder va9 compressed manually on the 

-let press  by turning the  flywheel by hand. 

which the  tablets strike the instrumented beaa was marked. Once 

this position was locuted, the instrumented beaa w a s  disassembled 

from the feed frame and clamped on a horizontal  platform. 

&am w u  calibrated s t a t i c a l l y  by applying known lords to the 

&am a t  the  located posit ion.  

the weight. wore recorded on the oscil lograph. 

Ihe position a t  

The 

The  def lec t ions  corresponding to 

The c a l i b r a t i o n  

data are W t e d  in Table 1 8  aach value of the deflections 
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338 

R C U R E  2 
Overall View of Feed Frame w i t h  Instrumented Beam 

reportad is an average of threa determinations. 

arulyclim using data frm the trial, revealed excellent linearity 

over the range of forces tested with a correlation coefficferrt of 

0.999 and a slope of 0.769 9 .  forca per II. of recorder stylua 

&f lection .j 

Linear regression 
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ADLDtlEsION OF TABLETS. I 

TABLE 1 

3 39 

cal ibrat ion of Inst-nted Be- 

Applied Force 
(9.1 A t  t o n u  tioa 

Deflection on 
R.corder 
(I) 2 S.lJ.* 

5.00 1 6.5 2 0.06 

10.00 

20.0 

1 

2 

12.9 fi 0.06 

13.0 2 0.10 

50.0 5 13.0 2 0.15 

100 

200 

10 

20 

13.0 2 0.00 

13.0 fi 0.10 

*Standard deviation 

Correlation coeff ic ient  = 0.999 
Slop.: 0.769 g / r .  
Intorcopt: 0.0223 g. 

Correction for Angle of Approach. 

Due to tho geometric configuration of the instrumented beam 

r o u n t d  on the feed frame, the path of the tablet mving i n  cir- 

cular rotion is not perpendicular to the beam. Figure 3 i l l u s t r a t e s  

the g m n t r y  of tablet  swaep-off. The recorded f o r m  ( f )  rep- 

reaenta the vector component of the total swaep-off force (F) 

which is norm1 to the bear and a t  0 deqrsas from the tangential 

path o f  the tableti the other vector component ac ts  along the 

plum of the h a m .  Figure 4 ,  which shows tho direct ion of the 

tablet after being swept o f f ,  illustrates that the recorded 

forca is the reaction noma1 to the born. The arbi t rary dimensions 
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340 MI'PBEVEI AND AUGSBURGER 

\ / 

PIQJRE 3 
Geometry of Tablet Sueep-Off: 
tablet; (c) d i e ;  (d)  inntrumnted beam; ( f )  force recorded 
a t  the Inatnuoatad benn; and (P)  total eueep-off force - (a)  d i e  table: (b) path o€ the 

f/co.e 

of the vector corpomnts and path of the tablet w e r e  dram and 

detoralnud by the uae of a v d e r  c a l l i p e r .  

B and f wan fwnd to k 52 degree.. 

and f is given by the follovfng equationsr 

The angle,  8 .  between 

me relat ionship be twen  F 

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.



lWiBSION01TABLEm. I 341 

PIGUILE 4 
Phatogr8ph Shoving the Direction of a Tablet After Being 
swept O f f .  

P - f / c0852~  (1) 

or 

F - 1.62 (I) (2) 

uhue P is the tow sweep-off or m g e n t i i a l  force exerted by the 

.tablet, and f i a  the recorded vector component which ie normal to 

+h. b.ar. 

Correction for ?orce D\M to Tablet hbmentur. 

The a l g m l  detected during tabluting actually represents tua 

components of force applied to the instrruented ham. One 

component is due to the aoaantum of the tablet;  the other component 
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34 2 lt1TREVX.J AND AUCSBURGER 

is the a c t u a l  force requ i r ed  to overcome the adhesion of t h e  

tablet to  the lower punch fo rce .  To s e p a r a t e  o u t  the adhes ion  

f o r c e ,  i t  was necessary  to aseess the c o n t r i b u t i o n  of tablet  

wmntm. ~b this end, a series of k n n m  w i g h t s  yare suspended 

from an upper punch holder by a t i n e  thread. The weights  w e r e  

arranyed to s t r i k e  the same p o s i t i o n  on the i n s t r u m n t e d  beam as  

a tablet be ing  swept from the lower punch f ace .  With the tablet 

press running a t  its o p e r a t i n g  speed of 24 RPH. (which was kept 

cona tan t  throughout t h i s  s t u d y ) #  the force duo to the  m a e n t u n  

of these weights was recordad on the o s c i i l o g r a p h .  The suspended 

weights tended to sway s l i g h t l y  from t h e  target p o s i t i o n  because 

of the c e n t r i f u g a l  fo rce .  .Only t h e  s i g n a l s  ob ta ined  when t h e  

weiqhtr collided wi th  the target p o s i t i o n  yare t aken  i n t o  

cons ide ra t ion .  "he data are t a b u l a t e d  i n  Table 2. Each va lue  

1 m a n  of t en  de t e rmina t ions .  From l i n e a r  r e g r e s s i o n ,  t h i s  

TABLE 2 

Cor rec t ion  for Forco Due to Tablet Mamentw 

Suspended Wsiyht (9.1 Recorded Forca (9.1 2 S.D.* 

1.00 

2-00 

9.00 

10.00 

.Standard d e v i a t i o n  

C o r r e l a t i o n  coefficient = 0.999 
Slow: 4.62 g/g. suepandad weight 
Intercept: -0.0306 

4.6 2 0.10 

9.2 2 0.10 

23.1 2 0 . 5 5  

46.2 2 0.75 

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.



ADHESION OF TABLETS. I 34 3 

fo rce  w a s  r e l a t e d  to tablet uoight as follovsr 

Pp = 4 .62~-0 .03  13) 

where Fm i a  the fo rce  due to the momeri tw of t he  tablet i n  g. and 

w. is tiblet w i g h t  in 9. Thus, tlw adhvvion fo rce  w a s  given byc 

PA = P - 1.62 Fm (4)  

or 

FA 1.62 (f-4.62w+0.03) ( 5 )  

where FA is the adhesion fo rco  i n  g., t' i n  the force m a s u r d  

g .  a t  the instrumented Laam, and w is tablet w i g h t  i n  q. ?'he 

II 

forco exerted by 1 g .  suspended weight was found to be s l i g h t l y  

less than that obtained from a 1 g. weiqbt s i t t i n g  on the d i e  

tablet a t  the same pos i t i on  where die tablet should La (4.59 9. 

vs. 4.79 9.). This d i f f e rence  is l i k e l y  ducr to f r i c t i o n  between 

the w i g h t  and the d i e  table. 

- 

The instrumented ham b u  a c a p a b i l i t y  to m a s u r e  a forca I f )  

of up to 120 g. (equivalent to t l i c r  total sweep-off force (F) of 

194 9.) before the inatmmmnted bra bends back enouqli to touch 

the sueep-off blade. The lpaximupr measurablv adhesion forco (FA) 

w i l l  be determined by t a b l e t  weight. 

In a l l  subsequent studies, ccmpression, e j e c t i o n ,  and adliesioii 

events  w e r e  simultaneously and continuousiy recorded on oscillo- 

graphic recorders.  

Preparation of Tablets.  

The direct compression f i l l e r s  uuud i n  Lliure s t u d i e s  

wre microcrystalline c e l l u l o s e ,  N-.F.', lactose, u . s . P . ~ ,  and 

corpresnible  nugar ,  U.S.P.3 
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344 MITReVeJ AND AUCSBURCER 

Ib promote good blending  and u n i f o r n  d i s p e r s i o n ,  ~ q n e s i u a  

s t e a r a t e  was passed through an 80 mash sc reen  be fo re  b lendlng  

wi th  d i r e c t  compression f i l l e r s .  A l l  b a t ches  were of 500 gram 

except f o r  Ule 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 lends ,  vhfch were 

300 grams. In  each case t h e  l u b r i c a n t  and fidltir w e r e  blended 

i n  a 1.89L twin S h a l l  b l ende r  (Liquids-Sol ids  Blender, P-K XLB- 

3794, P a t t e r s o n - K d l y  Co., East St roudsburg ,  PA) f o r  15 minutes. 

me i n t e n s i f i e r  bar was run dur ing  t h e  f i n a l  t h r e e  minutes to 

i n su re  e f f i c i e n t  d i s t r i b u t i o n  of the l u b r i c a n t .  Unless o t h e r -  

w i s e  spec i i iec t ,  the same lot o t  aragnesium stearate,  u.s.P.~ was 

used i n  a l l  s t u d i e s .  

P la t - faced  c i r c u l a r  1.111 a. punches were u s e d  i n  a l l  

caaes except i n  tha e x p e r b e n t  where punch diaaeter uas varied. 

Only a s i n g l e  s t a t i o n  was used to avoid possible t o o l i n g  errors. 

As prev ious ly  awntfoned, p r e s s  spaad w a s  ha ld  a t  24 FtPH i n  a l l  

studies. 

A t  t h e  beqlnninq o f  each experiment approximately 50 tablets 

were rm a t  a hiqb compression load i n  order to c o n d i t i o n  t h e  d i e  

w a l l .  During t h e  experiment 10 tablets vere compressed a t  each  

f o r c e  tanqe before 20 readinqa  were taken. The tablet th i ckness  

was aeasurezi with  a l i c ra r te r  calliper inmedia te ly  a f t e r  

e j ec t ion .  A f t e r  each expa r i aan t  the punches and d i e  were c leaned  

wi th  l l o t  water and dried with soft t i s s u e  paper soaked. with 

acetone. "he tablet hardness  was determined on a Sch laun ige r  

( I leber le in)  Ilardness T e s t e r  (Hodel 2E/106, S e r i e 8  7203,  Kay 

fndcll l t t ias,  Panningdale. NY.) 24 hours a f t e r  t h e  tablets had been 
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A D w I o N o p ~ E T s .  I 345 

mde. The reported values of u c h  paraaatcrr (h.2. e j e c t i o n  force 

and adhesion force) represent  the mans of 20 readingti except for 

tablet hardnesses which are the mans of 10 determinations. Thr 

experiments were performed i n  a control led humidity a r u  ( 5 0  

percent 2 10 percent r e h t i v e  humidity) where temperature was 

maintained a t  2S0 2 20 Celsius. 

Effec t  of Compression Force. 

Usually, e j e c t i o n  force and the tablet hardness incruase with 

increased compression force.  

see i f  the compression force n i d l u l y  a f fec t& tire adhesion. 

I t  w a s  the p u r p o ~ e  of t h i s  study t o  

This study included three d i r a c t  compression f i l l e r s :  micro- 

c r y s t a l l i n e  ce l lu lose ,  lactom, and c o q r e n s i b l e  sugar. Each 

sample w m  lubricated with 0.501 w/w magnesium stearate and 

compreaaed a t  s ix  comprenviotr forcas. ltte tablet t a r g e t  weight 

f a r  all  blends was 400 mg. W i t h  the Picrocrys ta l l ine  c e l l u l o s e  

blend, the tablets were conpressed with forces  up to 472 kg. a t  

which lamination occurred. With lactose and compressible sugar ,  

the ooppression forces wro varied up to 944 kg. 

Effec t  of Lubricant Concentration. 

Increases i n  t rue  lubr icant  concentration have krrr found t o  

reduce the  f r i c t i o n  at tablet-die  wall in te r face ,  thus, r e s u l t i n g  

i n  decrased e j e c t i o n  forces. I t  was the. objact ive of this study 

to inves t iga te  the effect of incraases  i n  lubricant  concentration 

on tablet adhesion. Even tfrough one study (1) has reported 

magnesium stearate only to be a 'fair' ant iadherent ,  it w a s  chosen 

i n  this stu* because of its widespread usage in tablct ing.  
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346 HITReVU AND AIJGSBURCEX 

The d i r e c t  compression f i l l e r s  employed i n  t h i s  s tudy  were 

m i c r o c r y s t a l l i n e  c e l l u l o s a ,  lactose, and co~pressible sugar .  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 r e e  l e v e l s  o f  magnesium stearate 

 WOK^ compared: 0.108, 0.501, and 1.00%. With lactose, 0.10% 

magnesium s t e a r a t e  w a s  found to lm i n s u f f i c i e n t  to reduce t h e  

tablet-die w a l l  f r i c t i o n !  t h e r e f o r e ,  0.50%. 0 . 7 5 8 ,  and 1.00% 

magnesium stearate l e v e l s  were compared. With coapreso ib l e  s u g a r ,  

O,lO% maqnesiua s t e a r a t e  w a s  Cound to be too Pow, b u t  1.00% 

magnesium s t e a r a t e  w a s  found to be too high since tablets e x h i b i t e d  

a form of "chippinq" a t  h i g h  a m p r e s s i o n  force i n  which small 

sections of the tablet f ace  appeared to break away nea r  the 

tablet mes. Thus, on ly  t w o  levels o f  magnesium stearate were 

s tud ied  with campreasible s u g u :  0.50% and 0.75%. The compression 

force ranges for lactose and colllpressible suqar b lends  u e r e  118 kg. 

up to 1180 kq. 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  b l ends ,  l amina t ion  

vas obaerved a t  a l l  t h r e e  l u b r i c a n t  l e v e l s :  however t h e  h ighe r  

t R I  Lubricant concen t r a t ion ,  t h e  lover the corp rees ion  f o r c e  a t  

which laminaeion was observed. Becawre o f  this problem the 

m e p r e s s i o n  f o r c e  ranges for 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 lends  

were v a r i e d  so that the h i q h e s t  ccuptese ion  f o r c e  f o r  each blend 

v u  the force a t  which l a r i n a t i o n  van observed. 

E f f e c t  o f  Tablet fiickness. 

kbst parameters used to e v a l u a t e  true l u b r i c a n t  e f f i c i e n c y  

are i n f l u e n c d  by tablet dimensions (&.a. tablet t h i ckness  and 

tablet d i a w t e r ) .  Increas inq  either tablet thickness or tablet 

d f a r s t e r  will r e s u l t  in increaainq tablet-die wall f r i c t i o n .  This  
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ADHESION OF TABLETS. I 347 

observation led to the  next two studies: the e f f e c t s  of t a b l e t  

thiCkMSS and tablet diameter on the adhesion force. 

In this s t u d y ,  ricrocry.tallim cal lulove lubricated with 

0.10% u g n e a i w  atearate was aoapressc)(i a t  three compression 

forces. A t  each colpression force. six tlricknctsses were evaluated. 

me thickneso was varied by m i r u l t a n c w u 8 l y  changing d i e  f i l l  arid 

compression s e t t i n g .  

die f i l l  is increased to increase tablet tlrickrrenn, i t  is naceosary 

TD r a i n t a i a  a given L q r e n s i o i r  force while 

to nuke a compensatory adjustrPunt i n  comprrnnibn settirq. 

effect of Tablet  Diameter. 

k mentioned earlier, an increase i n  tablet dimnuions w i l l  

cause an increasa i n  tablet-die w a l l  f r i c t i o n  due t o  the  increased 

tablet-die w a l l  area of contact, muever ,  adreoion force is 

expoctad to depend on the area of contact  with tho punch face. The 

uaa of contact  between the tablet and the lwar punch face w i l l  

depend on the size and shape of tln fooling, but no t  the tablet 

thickness. Thus, this ntudy i 8  detrigned to invest&ata the 

influonce of tablet dlamater on the adtresion of f l a t  faced tab le t s .  

Only th. microcrystal l ine c e l l u l o s e  blend containing 0.101 

mgrusirn stearate w a s  studied. 

circular f l a t  faced punches w i t h  diamuter of 0.794 cm., 1.111 cm. ,  

and 1.588 CI. 

0.003 ca. Adhesion forces  were measured a t  a t  least f i v e  

comprwusion forcar. 

Tablets WLB prepared using 

Tablet thickness w a s  held cotrstant a t  0.264 an. 2 

Comparison of Different  Grades of Magnesium Staarate .  

In a prelhhary study. three grades of magnesium stearate were 

ovahaatmi ud c0mpu.d i n  t * N  of adhasion force, e jec t ion  force 
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348 HITNVU AND AUCSBURCEB 

and compreseibili ty i n  microcrystal l ine cel lulose.  

magnesium s tcara te ,  reqularst magnesiua s t ea ra t e  U (food qrade)sr 

and, magnesium s t ea ra t e ,  denses. 

naqnesium oxide equivalent and lo88 on drying using U.S.P. 

procedures. The r e su l t s  shown i n  Table 3 indicated tha t  a l l  

three samples m e t  0.S.P. requirements for  both magnesiua oxide 

These were 

Each grade uas assayed for 

equivalent and loss on drying. 

Only one concentration (0.10% w/w) of magnesium s t ea ra t e  

was studfed, Tablet target  weight was 400 arq. and the t ab le t s  were 

compressed 8 t  s i x  d i f f e ren t  roapraa8ion forces.  

RESULTS AND DISCUSSION 

In this study, the adhesion of tablets to the lwer punch 

face was determind f roa  Iserrsuranmts of t ab le t  suaep-off force 

by attaching a force s e n s i t i n  cant i lever  beam t o  the feed frame 

i n  f ront  of and pa ra l l e l  to the sweep-oSf blade. This design 

permitted the d i r e c t  measurement of the mmep-oft force i n  a 

unxmr which required minimal modification to the mchine and 

whlcb did n o t  i n t e r f e re  with normal  machine operation. 

A typical  swep-off tracing is shown i n  Figure 5 .  Tracing 

k, o b t a i d  from th. oscflloqraphic rocerder a t  a char t  speed of 

1 .5  r./sac., was the result of multiple sweepoff even-. In 

m a t  cams i n  this study tha r e l a t ive  standard deviation wae 

within the range of 1.00% to 6.00%. h a c i n g  B representa a 

sinqle ewrp-off event a s  displayed on an oscilloscope. 

Effect  of camp ression Force. 

"he e f f e c t  of ccmpressian force on adhesion force and. 

unit eject ion Force are given in Figures 6 and 7, respectively.  
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350 IITREVZJ AND AUGSBURGER 

FICIfRE 5 
Smp-Off Tracin8 Prom Xnmentl.nted B u m .  A. Prop Oscillo- 
graphic Recorder; B. From Oacilloacope. 

Generally, the higher th. c a p t e a i o n  force, the highex the 

adboafon forcr. 

of Ritter and cauorkera (11). The hcr08srd adhrdon is 

appranay dum ta a greater reaation a t  the lower punch. 

Thfr obsorvatfon w n f i n u  the earlier findings 

As t h e  
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28.0 

24 .O 

20.0 

16.0 

12.0 

8.0 

4.0 

0 

' ?  I 

n /  i 

/ *  

I I 

200 400 600 800 1000 
compression Force (kq . I  

FIGURE 6 
Effect of the Compression Force on the kllresion Force of 
Tablets Containing 0.50% Magnesium Scrilrace. Mlcro- 
c r y s t a l l i n e  Cellulose; 1) Lactose; 0 Compressible Sugar. 
(The broken l ine links r e s u l t s  obtained from laminated 
tablets . ) 

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.



35.0 

30.0 

25 .0  

20.0 

15.0 

10.0 

5 . 0  

0 I I I 1 I 
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Campreasion Force (kg . I 

FIGURE 7 
E f f e c t  OC Capresaion Force on the Unit Ejection Force of 
Tablets Containing 0.50% Magnesium Stearate. nicro- 
crystalline Cellulose; 1, Lactose; 8 Coapresaible Sugar. 
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compression force was increased,  tha binrliny s t r e n g t h  beLwecn 

th. tablet and lower punclr would be arpectud t o  iiicreaoe a s  w a l l .  

A t  lower corpression focem ( < 200 ky.) c ~ r e n m i b l a  sugar 

exlribi ted g r e a t e r  adhesiun than eiLlier lactose or o ic rue rys  t a l l i n e  

ce l lu lose ;  a t  higher compression forcws, the order of  adhasion 

warn microcrystal l ine ce l lu losa  l ac tose  compreclsible sugdr. 

Because t h e  lubricant l e v e l  was the same i n  a l l  batches (0.50\) ,  

the difference8 of adhesion between f i l l e r s  nus t  be due both to 

d i f f e rences  i n  specific f i l l e r  i n t a r a c t i o n s  a t  t h e  tablet-punch 

i n t e r f a c e  and to d i f f e rences  i n  the sta te  oC lubricatiora a t  the 

i n t a r f a c e  due to differerrcoe i n  f i l l e r  s p e c i f i c  su r faca  area.  

Lactose tablets show4 a p a t t e r n  of increamod adhesion force 

with compression force s i m i l a r  to that o f  coqxessible sugar 

tablets. Hoy.v.r, w i t h  lactose the adlaesion force d i d  n o t  reach 

A puip.1 valuo within thu range of compression fo rce  studied. 

With r i c r o c r y a t a l l i n e  c e l l u l o s e  , the r e l a t ionsh ip  of adhesion 

force and compression forca w s  l i n e a r  up to about 400 kq. 

Beyond this compression force,  the adhesion fo rce  could nor be 

properly measured because of tablet laminacios. llolaer and 

Sjogren (14) reported t h a t  microcrystal l ina celluAoso caused a 

l a r g e r  remaining force on the lower punch ( W )  a t  lou compression 

forces than a t  higher compression forcav. The l o w e r  REF a t  higher 

ampress ion  fo rces  w a s  a t t r i b u t e d  to elastic a x i a l  expansion with 

corresponding radial contract ion d t i d r  probably reduced the radial 

force. In add i t ion ,  Shotton and Obiorah (15,16) also reported 

that mate r i a l s  which develop low die wall  pressure were pmne  to 
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cap or laminate.  Thus, tho  lamina t 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  tablets a t  high compression f o r c e s  may very  -11 be 

due to a x i a l  e l a s t i c  recovery and c o n d t t a n t  w a k e n i n g  or r u p t u r e  

of i n t o r p a r t i c u l a t e  bonds wi th in  tho tablet. B e c a u s e  the degree  

of l amina t ion  i n  each tablet uas n o t  tho s a ,  t h e  adhes ion  of 

laminated tablets tended to vary  to a g r e a t e r  degree than  i n  other 

runs,  as stown by a r e l a t i v e l y  h igh  r e l a t i v e  standard d e v i a t i o n  of 

9,529,  

The i n c r e a s e  i n  adhes ion  s t r e n g t h  w i t h  compression f o r c e  

may be i n t e r p r e t e d  i n  terns of the  classic laode1 f o r  adhes ion  (17, 

18) and t a b l e t i n q  phys ics .  According to the  model, the micro- 

structure of even t h e  s u m t h e s t  n u f a c e s  c o n s i s t a  o t  i r r e g u l a r i t i e s  

and ja99.d asperities. As a rosult, tuo surfaces brought  i n t o  

c o n t a c t  will touch on ly  i n  isolated regions. Thus, t h e  true 

a r e a  of c o n t a c t  is much less than the apparent  area. As s u r f a c e s  

a m  broilght t q e t h e r ,  the presauro  is  extremely large a t  the 

i n i t i a l  p o i n t s  of c o n t a c t  and deformation occurs. T h i s  deformation 

cauaes an i n c r e a s e  i n  tho trw area of c o n t a c t  which con t inues  

until tho  local p res su re  f a l l s  to tho  y i e l d  p r e s s u r e  o f  t h e  s o f t e r  

mntorial. I t  is a t  the true area of Contac t  where surface f o r c e s  

such as atolfc, . o l a c u l u  oc o l ~ ~ t r o r t a t i c  f o r c e s  CM have 

s u f f i c i e n t  i n t l w r r c o  to produce a stable structuts such  aa tablet 

01 cause d h u s i o n  of surfacas. Thus, the mechanical s t r e n g t h  of 

tho tablet and any bonds formed k t w s e n  ttie tablet and conf in ing  

s u r f a c e s  such an t h e  punch f a c e s  will bo dependent boa on the 

quality of the attractiva forcer and the area over whfch they  act. 
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MliESION OF TABLETS. I 355 

These two proper t ies  are, i n  turn,  c l e a r l y  dependent upon both tlm 

nature  of t h e  P a t e r i a l o  involved ard the caapactinq load. 

This is true even though tha opportunity e x i s t s  f o r  tlw 

lower punch to ac tua l ly  f a l l  away from the tablet surface a f t e r  

corpression. The potential area of contact  which is re-established 

as the punch r i d e s  up the e j e c t i o n  caa is greattar by v i r t u e  of the 

higher compressive load. 

Th. e j e c t i o n  forco data for theme runs a p p a r  i n  Figure 7. 

* u n i t  e j e c t i o n  rorce (uject ion force war uni t  apparelrt area 

of tablst-die w a l l  contact)  increased with compression f o r c u ,  as 

expected. Of the threo fillers, compressible sugar showed the 

highest  unit ejection forces  in  t luso  runs. As ant ic ipa ted ,  

microcryr ta l l ino cel luIone exhibited the  lowest u n i t  e j e c t i o n  

f o r a s .  

Effec t  of Lubricant Concentrathn.  

An incream i n  lubricant  concentration results in the  

incruseid number of lubr icant  particles not only throughout the 

tablet, but  a t  the surface as w e l l .  Dierefore, tablet adhesion 

should be expected to decreama w i t h  increusinq lubricant  concantration. 

The effect of magnesium stearate on the adtieoion forces  of 

microcrystal l ine ce l lu lose ,  lactose, and compressible sugar a r e  

suruizmd i n  Figures 8-10. AII expected, the adhesion forces  

of a l l  throe d i r e c t  compression fillers decreased with increases 

in magnesium stearate concantration. 

W i t h  microcrystal l ine ce l lu lose  , tablet lamination w a s  

observed a t  a l l  three  lubricant levels (O.lO%, 0.501, and 1.0% 
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FIGURE 8 
Effect of Hngnesiur Stearate Concentration on the Adhesion 
Force of Xicrocryetalline Cellulose Tablets. 0 0.10%; 
Q 0.50%; 1.0%. 

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.



A D W I O N  OF TABLETS. I 35 7 
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FIGURE 9 
Effect of Hagneoium Stearate Colicenfration on the Adhesion 
Force of Loctooe Tablets. 0 0.50%; 8 0.75%; 0 1.OX. 
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16.0 

‘12.0 

8-0 

4 .o 

0 200 4 0 0  600 800 1000 1200 
c c q x e s s i o n  Force (kg. 1 

FIGURE 10 
e f f e c t  of Magnesium Stearace Concentration on the Adhesion 
Farce of Coapreesfble Sugar T a b l e t s .  8 0.50%; 0 0.75%. 
(me broken lines link resu l t8  obtained Prom chipped t a b l e t s . )  

maqnesium stearate); howaver, the higher the lubricant  concentration, 

the lower the compression force a t  which lamination was observed. 

M s  is cons i s t ent  with thr fact that lubricants in ter fere  with 

tablet bonding. 

W i t h  lactoso, the adhasion force tended to reach a l l d t i n g  

value a t  higher compression forces; however, the higher the 

mqnes irn  s t earate  l e v e l ,  the T e r  this limiting value was 

reached. W i t h  co lpressfbla  sugar, tha adhasion force increased 
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and rmched  equ i l ib r ium a t  r e l a t i v e l y  low compression f o r c e s ,  

I.%, 236 kq. a t  O.SO% a a g n e s i w  steatate and 472 kg. a t  0.75% 

magnesium stearate. A t  Loth uqrrasiur stearate concen t r a t ions ,  

tablet chipping u8s observed a t  high compression fo rces .  T a b l e t  

ch ipping  causes  a change in  tablet f a c e  characteristic; thus ,  

the adhesion f o r c e  could  n o t  be prope r ly  measured a t  those 

compression forces. 

&re laportant, was the obse rva t ion  that d i f fe rer rces  i n  

an t i adhes ion  e f f i c i e n c y  could  n o t  be i n f e r r e d  Era d i f f a r e n c a s  

i n  t r u e  l u b r i c a n t  a c t i v i t y ,  as r e f l e c t e d  i n  u n i t  o jec t ior i  f o r c e ,  

i n  these formulations.  For i n s t ance ,  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 ,  adhesion f o r c e s  a t  0.101 magnesium stearate were about 

double those a t  0.50% magnesium stearate and more ttmn t w j c e  as  

those a t  1.0% nraqnesiua stearate i n  t h e  ranyc o f  compression 

f o r c e s  up to t h a t  a t  which lamina t ion  occurred. Ibwever, u n i t  

e j e c t i o n  f o r c e s  (F igure  11) were h u t  t h e  same a t  0.101 maqiiesium 

stearate and 0.50% magnesium s t u a r a t e  and only  a b u t  10% qreater 

a t  0.10% aaqnesium stearate than a t  1.0% m a g n e s i n  stearate. 

S i m i l a r l y ,  l a r g e  d i f f g r c n c e s  i n  adhesion f o r c e  were observed 

i n  the lactose batches (0.50% and 1.0% magnesium stearate) arid 

i n  t h e  compressible suga r  ba tches  (0.50% and 0.75% maynesium 

stearate) whereas it w a s  not  povrriblv to d i s t i n g u i s h  these l u b r i c a n t  

l e v e l s  on the basis of u n i t  e j e c t i o n  f o r c e  w i t h  these f i l l e r s  

(F igures  12 and 13) .  

E f f e c t  of Tab le t  Thickness. 

For a given  thickness, adhesion f o r c e  inc reased ,  a s  expec ted l  

with each increase i n  compression force (Figure  1 4 ) .  lloweverl 
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PIcuRe 11 
Effect of Magnesium Stearate Concentration on the Unit 
EJactlon Force o E  Mlcrocrystallirie Cellulose Tablets. 

0.10%; 8 0.50%; * 1.0%. 

at a given ampression force, increases in thickness resulted i n  

rhducd adhesion. One contributing factor to these results may 

be derived from a consideration of punch travel in the rotary 

press. As dle dill was increased to increase tablet thickness, 

it uas necessary to aake d corpensatory adjustment in compression 

srttinq to maintain a given compression force. In this press, 
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Compression Force (kg . ) 
FIGURE 12 

E€fect OE Hagneslur Stearate Concentration on the Unit 
Ejection Force of Lactose Tnblrcr. 0.50%; 8 0.75%; 

0 1.0%. 

this was accomplished by loweriny the lower compression roller 

each ti- the tablet thickness was increased. This mails that 

a t  each increase in  thickness, the lover punch traveled over a 

shorter eegaent of the roller circumference, thereby resulting 

i n  shorter penetration tizws. With a r e l a t i v e l y  p l a s t i c  material 

ouch as microcrystalline c e l l u l o s e  (191, t h i s  may well lead to 
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PICURE 13 
Effect of Hognesfum Stearate Coacencration on the Unit 
Ejection Force of C~o~ressible Sugar Tabletsi. 8 0.50%; 
0 0.75%. 

reduced trua areas oll contact and correspondingly maker bonding 

at the punch face. 

suqqasted by the work of Shotton at al. ( 2 0 ) .  

report& Lower punch forces to ba about 90* of the uppar punch 

forcer over a wid. rang. oll r a n  compression forcelr fot two 

materials (sodium chloride and aspirin) in a o i d l a r  rotary 

prerra. ole f i l l  was maintained constant in this study. These 

investigators argwd that tho system m s t  be balanced by a force 

a t  the d i e  wrll acting in an upward direction and derived from the 

Another possible contributing factor is 

These inwstiqators 
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FIGURE 14 
Effect of Tablet Thickness on the Mlirteion Force of Micro- 
crystalline Cellulose Tablets Containing 0.10% Hngncaslum 
Stearate. Compteeelon Forca, 0 236 kg.;  0 472 kg.; 

885 kg. 
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f r i c t i o n a l  r e a c t i o n  to a s l i g h t  dournard m v e a c n t  of the tablet  

dur ing  c o q r e s s i o n z  s i n c e  t h e  upper roller is r igid and t h e  lower 

roller is s p r i n q  loaded thmugh the overload m c h a n l s a .  I t  is 

l i k e l y  that i n c r e a s e s  i n  tablet thickness would r e s u l t  i n  i n c r e a s e s  

in t h i s  f r i c t i o n a l  r e a c t i o n  of tho d i e  w u l l .  Since  i n  t h e  p re sen t  

s tudy  the compression f o r c e  was found to be cons tan t  a t  t h e  

upper punch face over t h e  e n t i r e  range of tablet th i ckness  tested, 

bhclre may w e l l  be a reduced r e a c t i o n  at t h e  1-r punch f ace  

w i t h  each i n c r e a s e  i n  tablet th i ckness .  

The ePtect of tablet th i ckness  on e j e c t i o n  f o r c e  

(F igure  1 5 )  was opposite to that on adhesion fo rce .  The e j e c t i o n  

force increased  w i t h  i n c r e a s e s  i n  tablet th i ckness  a t  a l l  three 

compreesion forces tested. This is simply due to the inc reased  

f r i c t i o n  a t  tablet-die wall i n t e r f a c e .  However, e j e c t i o n  f o r c e s  

obtainad a t  tho compression forces of 236 kg. and 472 kg. were 

similar and h ighe r  than  those ob ta ined  a t  the cumpression f o r c e  o f  

885 kg. The d o c x w s d  o j e c t i o n  f o r c e  a t  h igh  co rp res s ion  f o r c e  

may ba d w  to l i c r o c r y s t a l l i n r  c e l l u l o s o  undergoing elastic 

axial expansion vith c o r r a s p n d t n g  radial c o n t r a c t i o n  which 

probably r educ r s  f r i c t i o n  betwean tho tablet and die  -11, as 

ropor ted  by llolrer and Sjogren  ( 1 4 ) .  Plots o f  u n i t  o j a c t i o n  

forco z. tablet th i ckMS0 (Figure 16) ClOmly rhov tht u n i t  

ejection f o r c e  ( o j e c t i o n  f o r c e / d t  apparont  axea of tabletdie  

w a l l  in ta r faca t )  is independonb of tablet th ickness .  

EXfwt  of Tablet D l a r s t e r  

Adhesion forces v.xe mauurd a t  six coapresuion pressures 

oxcept  i n  tho case of tho 1.588 ca. tablots which mro m a s u r d  

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.



ADHESION OF TllBtETs. I 

12.0 

10.0 

8.0 

I 

P 
t 

365 

2.0 

Tablet Thickness (w.) 

FlCURE 15 
Effect of Tablet Thicknese on t lw Ejectioa Force of Hicro- 
crystal l ine Callulooc Tablets Containing 0.10% hgurtaium 
Stearate. Carpresalon Force, 0 236 kg.; 8 472 kg.; 
0 885 kg. 

a t  f i v e  compression pressures. The adhesion force of the 1.588 

cm. tab le t s  exceodod the capacity of the mearuring device a t  

high compression pressure. 

Tho adhesion forces obtained with 1.588 cm. diameter tooling 

were the highost, while those obtained with 0.794 cp. diameter 

tooling war. tha 10-t for the range of compression pressurllO 

The resu l t s  are shown in Figure 17.  
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0 0,Poo 0.200 0.300 0.400 0 - 500 
Tablet Thickness ( a . 1  

Effect of Tablet Thickness on the  Unit Ejection Force of 
Microcryatallina Cellulose Tableta Containing 0.10% 
Itegnosium Stearate. compression Force, Q 236 kg.; 

0 472 k8.g 885 kg. 

tested. Adhesion, as expected, appeared to be a function of 

apparent area of contact uith tfia punch face s ince  for a given 

compression pressure, the larger the diameter, the greater the 

adhasion. tkmevsr, when un i t  adhesion force (adhesion force/unit 

area of punch face) was plotted against  compression preasure 
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FIGURE 17 
E f f e c t  oC Table t  Diameter on t h e  Adhesion Force of Hicro- 
crystallinr Cel lu lose  T a b l e t s  Containing 0.10% Magnesium 
S tea ra t e .  Table t  Diameter, 0 0.794 cm.; 8 1.111 en.; 

0 1.588 cm. 

(F igu re  181, the same order of adhesion emerged, b u t  t h e r e  were 

some changes i n  t h e  r e l a t i v e  slopes and t h e r e  was less d i s t i n c -  

tion between the 1.111 ca. and 0.794 Q. t a b l e t s .  Possibly t h e  

d i f f e r e n c e s  between the u n i t  adhesion force p l o t s  and the  total  

adhesion p l o t s  are due to the  f a c t  t h a t  stress is not  uniformly 

d i s t r i b u t e d  over t he  f a c e  of a t a b l e t  du r ing  compression ( 2 1 ) .  
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FICUKE 18 

- 

r I I I I I 

Effect of Tablac Diamt8r on tlie Unlt Adhenion Force of 
Hlcrocrystdl ina Cellulose Tablets Cuntainiiig 0.10% 
kia~iiuriw Scearere. Tablec Dlametor. 0.794 cm.; 
8 1.111 co.; 0 1.588 cm. 

Corraopoiidinq plots O F  unit ajectiorl force 2. compression 

prassure (YLyura 191 were similar although not identical for 

tire three tabla t d i m  tars.  

-riuon of Different Giadea of Haaqnesium Stearate. 

Ttw three gradvs of lugnaaiw stearate coryared wre produced 

by the s i ~ w  mmuLacturer and claimad ( 2 2 )  to havo kha sama s p e c i f i c  
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0 200 400 600 ROO 1000 
Coupass ion  Pressure  (kg/cm. 2, 

FIGURE 19 
E f f e c t  of Table t  Diameter on tlic Unit Ejec t ion  Force of 
f f i c r o c r y s t a l l i n e  Ce l lu lose  Tab le t s  Containing 0.20% 
h g n e s i u m  S tea ra t e .  Table t  Diameter, 0.794 cm.; 
8 1.111 en.; 9 1.588 cm. 

g r a v i t y  (1.03) and particle size spec i f i ca t io r l  of 99.91 tlrrouqh 325. 

mesh U S .  s tandard  sieve except  magnesium s t e a r a t e ,  dense which w a s  

claimed 100% through 200 mesh U.S.  s tandard  s i eve .  Alttiouyh these  

samples were no t  claimed to meet U.S.P. s p e c i f i c a t i o n s ,  they were 

found to  met the U.S.P. loss on dry ing  and magnesium oxide  e q u i v a l e n t  

requirements.  

The r e s u l t 3  a r e  illustrated i n  Figures  20-22. Also included i n  

these  f i g u r e s  are s imilar  data obta ined  i n  the  Eoregoing experiments 

w i n g  a U.S.P. magnesium s t e a r a t e  obta ined  from a d i f f e r e n t  

s u p p l i e r .  me magnesium stearate, r egu la r  and magnesium s t e a r a t e .  
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FIGURE 20 

Kftecs of Different Grad. .  of Magnesium Stearate on the 
kheaioci Yorcu 00 Hicrocryacalline Callulosa Tablets 
bucrlnlng 0.10% Lubrlcanr. 0 bgnerriur Stearate, Regular; 
9 hgaesiur Stesrate. Dense; # kgnestru Stearate, EA 

(Food Grade); 0 h g ~ s l u m  Stearate. U.S.P. (The broken 
linen link rawrlta obtained from laminated tablat8.) D
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10.0 

8.0 

6.0 

4 -0  

2 .o 

a-6- 

I f * I 

0 200 400 600 BOO 
Compression Force (kq. 1 

FIGURE 21 
Effect of Different Grades of Uagnesium Stearate on t h e  Unit 
Ejection Force OIL Hicrocrystalline Cellulose Tablets 
Containing 0.10% lubricant. Magnesium Stearate, Regular; 
8 b g n e s i c n  Stearate, Dense; thgnesiim Stearate, EA 

(Food Grade); 0 Magnesium Stearate, U.S.P. 
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m 
n 

B 
& 
1 
E 
Y 
Y 

i 
h 

28.0 

24 .0  

20.0 

16.0 
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8.0  

4 .0  

P o 0  200 300 400 500 600 
Coqre8sion Forca (kg . ) 

PICUBE 22 
Effect of Different Crdao o f  Hawslum Stearace on the 
Corprevaibility of  Hicrocryecalline Cellulosa Tablecs 
Coiitviuiag 0.10% tubricaat. tlagaeoiw Stearate, Bogulnr; 
8 Il.(gwsium Stearate, Dense; 0 tla.gnasiw Stearace, U 

(Pod Grad*); 0 hgnesiw Stearace. U.S.P. 
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U.S.P. batches showed tablet lamination a t  about 600 kg. and 800 

kq. compression forces respectively. The batch containing magnesium 

stearate, U.S.P. s1-d greater adhesion than either mgnesiw 

stearate eA (food grade) or magnesiu stearate. r e v l a r  a t  lov 

compression force. llowever, t lw adhesion forces a t  higher conpressio 

forces of magnesium stearate, U.S.P. and ragnesiua stearate, 

regular were not significantly different prior to lamination. 

higher compression forces, the order of adhesion was magnesium 

stearate, dense > magnesium stearate EA (food grade) >magnesium 

A t  

stearate, regular and wgnasiua, stearate, U.S.P. 

Figure 21 shows the plots of unit ejection force y= 

compression force. Despite the similar adhesion, magnesium 

stearate, U.S.P. resulted in much lwer  u n i t  ejection forces 

than those of magnesium stearate, reqular it any given compression 

force tested except the f i r a t  one which was less different. The 

order of unit ejection force was magnesium stearate, dense 

amgnesium stearate EA (food grade) magnesium stearate, regular 

magnesium atearate, U.S.P. Although significant differences were 

found i n  u n i t  ejection force i n  the r a n 9  of compression forces 

tested the differences were quite swll for a l l  three samples. 

U o M v e r ,  tho differences i n  adhesion were quite distinctive. 

The compressibility results are shorn i n  Figure 22. 

the mgnesira stearate, U.S.P. batch exhibited the lowest u n i t  

ejection forces anong the Four samples tested, it: also exhibited 

the highest  compressibility, along w i t h  tire aagnesimn atearate, 

dense batch. The tablets from both of these batches had hardnesses 

Although 
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g r e a t e r  than 28 S.C.U. a t  about the compression f o r c e  o f  300 kg. 

The o r d e r  of c o m p r e s s i b i l i t y  was raynesium stearate, U.S.P. and 

raqnesiunc stearate, deima >mynesium stearate eA (food grade )  

may~lrrsrum s t e a r a t e ,  r egu la r .  It is not possible to separate out 

e r a c t l y  why these f o u r  samples of magnesium stearate perform as 

tiley & without -re d e r a i l e d  i n € o r r a t i o n  on the d i f f e r e n c e s  i n  

their phys icoc l i edca l  properties 

SUMMARY AND CONCWSIONS 

me adhesion O E  tablets to the lower punch f a c e  w s  determined 

from mnasuremmts oe tablet uwaep-off fo rce .  This f o r c e  was 

measured by miis of a fo rcv  s e n s i t i v e  cantilever beam attached 

to the feed frame i n  f r o n t  of the owep-off blade. This ar ranqe-  

ppnt r equ i r ed  m i n i m 1  modification to the p r e s a  and did no t  

i n t e r f e r e  wi th  M N ~  .rchinr ope ra t ion .  C a l i b r a t i o n  toak i n t o  

account the py)Iy)ntum of the tableta and their s t r i k i n g  angle .  

( jonera l ly ,  thr h ighe r  the coqresaioa f a r c e  or the Powr the 

Purqnesium stearate concen t r a t ion ,  the h ighe r  w a s  the adhesion force 

i n  three direct  coPgrers ion  f i l lor%: 

lactose and compressible sugar. m u a v e r ,  changes i n  adhes ion  

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 ,  

force uere not c o n s i s t e n t  with tho change in uni t  e j e c t i o n  foxce  

w i t h  increased l u b r i c a t i o n .  naerefote, a n t i a d h e r e n t  a c t i v i t y  

could not br inferred fror trur lubricant a c t i v i t y .  

w i t h  aicrocrystailine callulaaa, i n c r e a s e s  in tablet t h i c k n e s s  a t  

a given  corpresrrion f o r c e  resulted i n  reducsd adhesion, possibly 

due to d i f f e r e n c a a  in dud1 tbo und.r compaction and/or d i f -  

ferences i n  reaction a t  the lower punch. In  a d d i t i o n ,  it was Pound 

I n  studies 
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ADHESION OF TABLETS. I 375 

t h a t  i n c r e a s e s  i n  d iameter  a t  c o n s t a n t  t h i ckness  rosultccl i n  

i nc reased  adhesion a t  any g iven  campression p res su re .  

D i f f e r e n t  grades of magnesiua rtearate were found to possess 

d i f f e r e n t  a n t i a d h e r e n t  a c t i v i t y  when eva lua ted  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 .  However, it w a s  d i f f i c u l t  to d i s t i n g u i s h  t h e i r  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  a c t i v i t y  as measured by e j e c t i o n  Eorce. 

I n  swmary ,  the instrumented c a n t i l e v e r  b e a m  descr ibed  

appears  to be a s e n s i t i v e  tool for dis t inguis l r inq  d i f f e r e n c e s  i n  

adhes ion  and shows promise i n  a s s i s t i n g  i n  the  r a t i o n a l  des ign  of 

tablet formulations.  
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