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INTRODUCTION 

F o r  many yea rs ,  t h e  f o r m u l a t i o n ,  development and manu fac tu re  

o f  pha rmaceu t i ca l  t a b l e t s  have been seg rega ted  processes .  I n  t h e  

l a s t  few yea rs ,  t h e r e  has been an i n c r e a s i n g  i n t e r e s t  i n  o b t a i n i n g  

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

i n t e r a c t . i o n s  o f  oha rn iaceu t i ca l  powders b e i n g  compacted (1). 

Recen t l y ,  s e v e r a l  worke rs  have addressed t h e  d i f f e r e n c e s  betweer! 

t h e  s i n g l e  s t a t i o n  e c c e n t r i c  machine and t h e  m u l t i - s t a t i o n  r o t a r y  

t a b l e t  machine ( 2 ) .  The p h y s i c a l  d i f f e r e n c e s  observed between 

t a b l e t s  p roduced on t h e  two t y p e s  o f  machines have been l a r g e l y  

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

compact ion  p rocess .  The b a s i s  f o r  u n d e r s t a n d i n g  t h e  p h y s i o -  

mechan ica l  b e h a v i o r  o f  powders under  v a r i o u s  compact ion  e n v i r o n -  
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508  HOBLITZELL AND RHODES 

ments niay be provided by 

tab1 e t  machine s imula tors .  

t he  development and use of computerized 

This paper r e p o r t s  on the pre l iminary  s t ages  of a s tudy  

designed t o  compare the  compaction of severa l  d i r e c t  compression 

mat r ices  on d i f f e r e n t  r o t a r y  t a b l e t  machines. I t  i s  hoped t h a t  an 

from 

low a 

understanding on the degree of p a r i t y  of t he  da t a  ob ta ine  

the  d i f f e r e n t  r o t a r y  t a b l e t  machines can be gained,  and a 

meaningful comparison t o  be made of the mater ia l  compaction 

p rope r t i e s  on the  t h r e e  types  of machines. 

MATERIALS 

Di rec t  compression ma t r i ces  c o n s i s t i n g  of Avicel P H - l O l l  and 

Emcompress2 were used. Each mat r ix  was blended f o r  f i v e  minutes 

i n  a NAB Turbula Type T2C shaker/mixer with an amount of magnesium 

s t e a r a t e  which would r e s u l t  i n  a 0.5 Xw/w concent ra t ion  of 

l u b r i c a n t  in  the  f i n a l  blend. These m a t e r i a l s  were then s t o r e d  

f o r  twenty-four hours i n  polyethylene hags before  being compress- 

ed. 

METHODS 

Three r o t a r y  t a b l e t  p re s ses  were chosen t h a t  would r ep resen t  

t he  kinds of t a b l e t  p re s ses  used most o f t e n  i n  a pharmaceutical  

development l abora to ry .  These cons i s t ed  o f :  a Stokes 8-2 s i x t e e n  

s t a t i o n  Rotary Table t  Press, a Manesty B3B s i x t e e n  s t a t i o n  Rotary 

Table t  Press  a n d  a Colton Model 204 fou r  s t a t i o n  Rotary Tab le t  

Press .  of 

t he  s t a t i o n s ,  and blank d i e s  were placed in  the  remaining s t a t i o n s  

Each of the p res ses  were operated with too l ing  i n  fou r  
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PARITY OF TABLET COMPRESSION DATA 509 

on t h e  Stokes  and Manesty p resses .  A l l  t h e  t a b l e t  p resses  were 

r u n  a t  an o p e r a t i o n a l  speed o f  f o r t y  r e v o l u t i o n s  p e r  m i n u t e .  

t h e  method b y  wh ich  t h e y  were 

i n s t r u m e n t e d  t o  measure compress ion  and e j e c t i o n  f o r c e s .  The 

Stokes  E - 2  t a b l e t  mach ine  was i n s t r u m e n t e d  w i t h  i n t e g r a t e d  coup led  

p i e z o e l e c t r i c  t r a n s d u c e r s 3  l o c a t e d  i n  t h e  eye b o l t  and t h e  

e j e c t i o n  cam. There  were t h r e e  t r a n s d u c e r s  p l a c e d  i n  t h e  cam 

wh ich  were w i r e d  i n  s e r i e s  t o  p roduce t h e  o u t p u t  s i g n a l .  Fo rce  

and e j e c t i o n  da ta  were p rocessed  b y  an App le  I 1  p l u s  m i c r o -  

computer,  i n t e r f a c e d  t o  t h e  t a b l e t  p r e s s  t h r o u g h  an I n t e r a c t i v e  

S t r u c t u r e s  A113 16 channe l  a n a l o g - t o - d i g i  t a l  c o n v e r t e r .  Data 

c o l l e c t i o n  was a t  t h e  r a t e  o f  one d a t a  p o i n t  e v e r y  m i l l i s e c o n d .  

The t a b l e t  p resses  d i f f e r  i n  

On t h e  o t h e r  hand, t h e  Manesty  E3B p r e s s  used s t r a i n  gauges, 

l o c a t e d  on t h e  eye b o l t  and t h e  e j e c t i o n  cam and i n t e r f a c e d  t o  an  

Hew le t t -Packa rd  9000 min icompu te r  v i a  a Hew le t t -Packa rd  niul t i -  

programmer. @ a t a  c o l l e c t i o n  o c c u r r e d  a t  t h e  r a t e  o f  one k i l o -  

H e r t z ,  

The C o l t o n  Model 204 p r e s s  u t i l i z e d  t h e  e l e c t r o s t a t i c  

charge-mode t y p e  p i e z o e l e c t r i c  t r a n s d u c e r 4 ,  wh ich  were l o c a t e d  i n  

t h e  f o r c e  a d j u s t i n g  wheel and t h e  e j e c t i o n  cam. A Gou ld  two 

channel  o s c i l l o g r a p h  r e c o r d e r  was u t i l i z e d  t o  measure t h e  com- 

p r e s s i o n  and e j e c t i o n  s i g n a l s  f r o m  t h e  t a b l e t  p r e s s .  S ince ,  

i n d i v i d u a l  d a t a  p o i n t s  c o u l d  n o t  be o b t a i n e d ,  numer i ca l  methods 

were used t o  c a l c u l a t e  t h e  a rea  under  t h e  compress ion  f o r c e - t i m e  

cu rve .  A t  l e a s t  t e n  p o i n t s  were chosen f rom t h e  r e c o r d e d  p r o f i l e ,  

and Lagrang ian  i n t e r p o l a t i o n  was done and t h e n  i n t e g r a t e d  f o r  t h e  

area .  
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510 H O B L I T Z E L L  AND RHODES 

One k i l o g r a m  o f  each o f  t h e  b lended m a t e r i a l s  was compressed 

a t  v a r i o u s  compression f o r c e s  w i t h i n  t h e  range o f  1.8 k i loNewtons 

t o  2 1  k i loNewtons. Environmental  c o n d i t i o n s  were s i m i l a r  f o r  a l l  

t a b l e t i n g  runs, 20 ?r 2 O C  and 45 T a b l e t  

punch d iameter  was approx ima te l y  7/16", and a t a b l e t  w e i g h t  o f  600 

m i l l i g r a m s  was p u r s u i t e d  f o r  t h e  Erncompress b l e n d  w h i l e  a t a r g e t  

t a b l e t  w e i g h t  o f  400 m i l l i g r a m s  was used f o r  t h e  A v i c e l  PH-101 

c e l l u l o s e  m i x t u r e .  These t a b l e t  we igh ts  produced t a b l e t s  w i t h  

s i m i l a r  t h i cknesses  when compressed a t  t h e  same compressional  

f o rce .  The maximum compression and e j e c t i o n  f o r c e s  were o b t a i n e d  

f o r  a t  l e a s t  t e n  t a b l e t s .  I n  a d d i t i o n  t o  m o n i t o r i n g  these  maximum 

fo rces ,  t h e  areas under  t h e  f o r c e - t i m e  curves were c a l c u l a t e d  f o r  

each compression and e j e c t i o n .  The da ta  was t e s t e d  f o r  r e p r o d u c i -  

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

t imes on each t a b l e t  press.  

k 3 % r e l a t i v e  h u m i d i t y .  

o f  compressions a minimum o f  

The f o l l o w i n g  t a b l e t  p r o p e r t i e s  were measured from t h e  

r e s u l t i n g  t a b l e t s :  we igh t ,  t h i c k n e s s  and hardness. A sample s i z e  

o f  t e n  t a b l e t s  was used t o  c a l c u l a t e  t h e  means and s tandard 

d e v i a t i o n s  o f  these p r o p e r t i e s .  

RESULTS AND D I S C U S S I O N  

The data was anaylzed u s i n g  a techn ique  p resen ted  b y  

C h i l a m k u r t i ,  Rhodes and Schwartz ( 3 , 4 )  t o  d e s c r i b e  t h e  shape o f  

t h e  compression f o r c e - t i m e  curve.  T h i s  techn ique  i n v o l v e s  

p l o t t i n g  t h e  area under t h e  compression f o r c e - t i m e  cu rve  (Area, A )  

as a f u n c t i o n  o f  t h e  maximum compression f o r c e  (He igh t ,  H ) .  The 

s lope o f  t h e  r e l a t i o n s h i p  ( o r  A:H r a t i o ) ,  as determined b y  l e a s t  
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PARITY OF TABLET COMPRESSION DATA 511 

squares l inear  regression, i s  t h o u g h t  t o  be probably character- 

i s t i c  of the material being compressed. If t h i s  i s  correct ,  then 

the A:H r a t i o  could serve as a "compression finger print" for  the 

formulation a n d  be useful as a "trouble-shooting" tool a n d  evalu- 

ating a n d  classifying various pharmaceutical powders a n d  systems. 

For a l l  the compression replicates conducted, the A:H 

relationships (Figures 1 a n d  2 )  were l inear ,  having a correlation 

coefficient greater t h a n  0.99. Tables 1 and  2 show the repro- 

ducibli ty of the A:H ra t io  fo r  each of the different  tablet  

presses ut i l ized.  The greater re la t ive standard deviation 

observed for  the C o l t o n  t ab le t  press can be explained as p r o b a b l y  

due t o  the method used t o  calculate the area under the force-time 

curve. A covariant analysis was performed using a s t a t i s t i c a l  

software package from SAS5.  The resul ts  indicated no s t a t i s t i -  

c a l  significance between the repl icates ,  b u t  did suggest there 

were s ignif icant  differences ( a t  a level of p < .01) between the 

A:H ra t ios  f o r  the two matrices, a n d  the different  tab le t  presses. 

intercept 

values of t h i s  relationship was also performed. The differences 

observed were significant (Tables 3 and 4 ) .  While i t  was noted 

t h a t  a l l  intercept values for  the Avicel F H - 1 0 1  were positive a n d  

a l l  intercept values for  the Emcompress were negative, the s ignif-  

icance of t h i s  finding has yet to  be defined. I t  may be concluded 

t h a t  the actual A:H relationship for  the Emcompress may best be 

explained in nonlinear terms, s t i l l  the l inear  relationship offers 

us a more practical approach of comparing the A:H ra t ios .  I t  

I n  addition t o  the A:H ra t io ,  a n  analysis of the 
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H O B L I T Z E L L  AND R H O D E S  

aJ 800 
> 
L 
3 u 

.r( 

u) 
u) 
aJ 

E 
0 u 

400 

L 
73 
C 
3 

200 

0 
P o  

0 5 10 15 20 

Compression Fmax (kN> 

FIGURE 1 

Area:Height ra t ios  o f  600mq Emcompress tablets  compressed on 

0 Stokes 8-2, A Manesty 838 a n d  0 Colton 204 rotary tablet  

presses. 

c o u l d  be hypothesised t h a t  the nonlinearity o f  the A : H  relation- 

ship may be due t o  a prolonged s t ress  unloading a t  the higher 

compressional forces for  Avicel PH-101 thus resulting in a 

proportionally higher Area, a n d  hence a negative intercept.  

Differences occurring between the Stokes B-2 and the Manesty 

B3B tablet  presses canno t  yet be explained. The two presses are 

similar,  each has a compression ro l l e r  diameter o f  8.0 inches a n d  
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F I G U R E  2 

Area:He igh t  r a t i o s  o f  400mg A v i c e l  PH-101 t a b l e t s  compressed on 

0 Stokes  B-2, A M a n e s t y  B3B and O C o l t o n  204 r o t a r y  t a b l e t  

p resses .  

a d i e  c i r c l e  d i a m e t e r  o f  9.0 i nches .  We wou ld  have expec ted  t h a t  

t h e  geomet r i c  shape o f  t h e  compress ion  cu rves  t o  be s i m i l a r  and 

hence have a p p r o x i m a t e l y  t h e  same a rea  under  t h e  f o r c e - t i m e  c u r v e  

a t  s i m i l a r  compress ion  f o r c e s .  The d imens ions  o f  t h e  C o l t o n  model 

204 p r e s s  a r e ,  7 .5 i n c h  compress ion  r o l l e r  d i a m e t e r  and a 7 11/16 

i n c h  d i e  c i r c l e  d iamete r .  As shown i n  F i g u r e s  3 and 4, t h e r e  a r e  

d i f f e r e n c e s  i n  t h e  shapes o f  t h e  cu rves .  The one n o t a b l e  d i f f e r -  
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FIGURE 3 

Compression curves of 600mg Emcompress t a b l e t s  compressed a t  a 

niaximum force of 7 . 5  kN on ( a )  Stokes 8-2,  ( b )  Manesty B3B a n d  ( c )  

C o l t o n  204 rotary tab le t  presses. The peaks o f  each curve have 

been adjusted t o  occur a t  the same time p o i n t .  

ence between the Stokes B-2 u t i l i zed  

in the s t u d y  was t h a t  the length of the lower punch shanks, the 

Stokes B-2 ut i l ized  the shorter  ("stubbie") lower punches while 

the Manesty B3B used the longer punch. I t  i s  doubtful t h a t  t h i s  

w o u l d  have caused such a s ign i f icant  difference between the two 

presses. 

a n d  the Manesty B3B presses 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PARITY OF TABLET COMPRESSION DATA 51 9 

10 

9 

z 5  
0 
H 

u ) 4  
u) 
W 
c K 3  a r. 
0 2  u 

1 

0 

- 
- 

- 

- 
- 
- 
- 

0 10 20 30 40 50 60 70 80 90 100 

t 
0 10 20 30 40 50 60 70 80 90 100 

TIME (msec) 

FIGURE 4 

Compression curves of 400119 Rvicel PH-101 t a b l e t s  compressed a t  a 

maximum force of 7 .5  kM on ( a )  Stokes 8 - 2 ,  ( b )  Manesty B3B a n d  ( c )  

Colton 204 rotary tab le t  presses. 

been adjusted t o  occur a t  the same time point. 

The peaks of  each curve have 

Figure 5 shows the difference in the shapes of the 

compression prof i les  for  the two matrices while compressed on the 

Stokes B - 2  t a b l e t  press a t  a compression force of 7 .5  kN.  Similar 

differences were observed for  the Manesty B3B and Co l ton  204 

t ab le t  presses. A t  t h i s  par t icu lar  force,  the r a t i o  of the areas 

for  Avicel PH-101: Emcompress are  s imilar  for  the Stokes 8 - 2  and 

B-2 
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15 r 
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$ 9  
(II c 
U 
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0 

Compress i on Force (kN> 

FIGURE 5 

T a b l e t  hardness  p r o f i l e s  o f  t a b l e t s .  

compressed on 0 Stokes  B-2, A Manesty B3B and 0 Col t o n  204 

p resses .  A v i c e l  PH-101 t a b l e t s  compressed on Stokes  8-2, 

A Manesty B3B and 0 C o l t o n  204 r o t a r y  t a b l e t  p resses ,  

Emcompress t a b l e t s  

Manesty B3B t a b l e t  p resses .  

o t h e r  compress ion  f o r c e  and may  perhaps  j u s t  a c o i n c i d e n c e .  

T h i s  o b s e r v a t i o n  was n o t  made a t  any  

F i g u r e  6 shows t h e  s l i g h t  d i f f e r e n c e s  t h a t  were seen i n  t h e  

r e s u l t a n t  hardnesses  o f  t h e  t a b l e t s .  These d i f f e r e n c e s ,  upon 

a n a l y s i s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  There  does n o t  

appear  t o  be any  r a t i o n a l  o r d e r  t o  t h e  r e l a t i o n s h i p  between t h e  

r a n k  o r d e r  o f  t h e  A:H r a t i o  and t h e  hardness .  
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FIGURE 6 

Compression cu rves  f o r  ( a )  Emcompress and ( b )  A v i c e l  PH-101 

t a b l e t s  compressed on a Stokes  €3-2 r o t a r y  t a b l e t  p r e s s .  

o f  t h e  cu rves  have been a d j u s t e d  t o  o c c u r  a t  t h e  same t i m e  p o i n t .  

The peaks 

An example o f  t h e  e j e c t i o n  f o r c e  c u r v e s  f o r  each o f  t h e  

t a b l e t i n g  r u n s  i s  shown i n  F i g u r e  7.  The shapes o f  t h e  e j e c t i o n  

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

l u b r i c i t y  o f  t h e  two systems. A t  compress ion  f o r c e s  g r e a t e r  t h a n  

10.0 kN, capp ing  was observed f o r  t a b l e t s  made f rom t h e  A v i c e l  

PH-101 b lend .  T h i s  i s  p r o b a b l y  t h e  due t o  o v e r l u b r i c a t i o n  o f  t h e  

system, r e s u l t i n g  i n  t h e  l u b r i c a n t  i n t e r f e r i n g  w i t h  t h e  bond ing  

c a p a c i t y  o f  t h e  A v i c e l  PH-101. 
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5 2 2  

Co 1 ton  
204 

Manesty 
838 

Stokes 
8-2 

Emcompress 

FIGURE 7 

H O B L I T Z E L L  A N D  RHODES 

Ejection curves of Emcompress a n d  Avicel 

force o f  7.5 kN o n  three tab le t  presses. 

h 
Avicel  PH-101 

PH-101 compressed a t  a 

One o f  the possible causes for  the differences existing in 

the A : H  ra t ios  between the Stokes B-2  a n d  the Manesty B3B presses 

was t h o u g h t  t o  be the depth of  upper punch penetration. A n  

experiment t o  t e s t  t h i s  hypothesis was conducted. An Emcompress 

blend was compressed a t  the following p u n c h  penetration depths: 

1/8", 3/16",  1/4",  5/16", a n d  3/8 inches. The resultant weight 

tablet  was maintained a t  600 milligrams a n d  the press was operated 

a t  30 rpms. Analysis of the resul ts  using a heterogenity of slope 
5 model in the General Linear Models procedure of SAS was con- 
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Tab le  5 

R e s u l t s  o f  General  L i n e a r  Model A n a l y s i s  5 

PR > F Source d f  Sum o f  Squares F v a l u e  

1 13846647.35 99999.99 
4 109.24 0.21 
4 1208.48 2.35 

2 40 30914.71 
249 1387a879.78 

Due t o  Regress ion  
Between A:H I n t e r c e p t s  
Between A : H  S lopes  
E r r o r  
T o t a l  

1 E-70 
0.9316 
0.0553 

A:H 
Parameter  

Punch 
P e n e t r a t i o n  

,. Standard  
E r r o r  Es t ima teL  

s1 ope 58.07 

56.92 
57.73 

58.25 

58.47 

0.39 
0.39 
0.40 

0.39 
0.40 

I n t e r c e p t  118 
3/16 
114 
5/16 
318 

-47.83 
-43.17 
-45.28 
-45.81 
-45.64 

3.62 
3.60 
3.69 
3.70 
3.61 

Notes :  U n i t s  
1- i n c h e s  ,. 
2- f o r  A:H S lope:  x lo-’ seconds 

f o r  I n t e r c e p t :  Newton-seconds 

duc ted .  T a b l e  5 shows t h e  r e s u l t s ,  wh ich  i n d i c a t e  t h a t  t h e  upper  

punch p e n e t r a t i o n  d i d  n o t  s i g n i f i c a n t l y  a l t e r  t h e  a rea  o f  t h e  

compress ion  f o r c e - t i m e  c u r v e  and t h e  A:H r a t i o .  T h i s  c o u l d  be  

e x p l a i n e d  as i t  i s  t h e  d i s t a n c e  between t h e  upper  and l o w e r  

punches t h a t  de te rm ines  t h e  comoress ion  f o r c e  f o r  a g i v e n  amount 

o f  m a t e r i a l .  A s  t h e  punch p e n e t r a t i o n  i s  i n c r e a s e d ,  t h e n  t h e  

h e i g h t  o f  t h e  l o w e r  compress ion  r o l l e r  i s  l owered  t o  m a i n t a i n  t h e  

d e s i r e d  compress ion  f o r c e .  The i m p o r t a n t  f i n d i n g  o f  t h i s  e x p e r i -  
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524 H O B L I T Z E L L  AND RHODES 

ment was t h a t  t h e  shape o f  t h e  compress ion  f o r c e - t i m e  c u r v e  was 

n o t  a f f e c t e d  b y  t h e  d e p t h  o f  punch p e n e t r a t i o n .  

The ma in  t h r u s t  o f  t h i s  paper  has been t o  i n v e s t i g a t e  i n  a 

p r e l i m i n a r y  way t h e  p a r i t y  o f  d a t a  f r o m  d i f f e r e n t  t a b l e t  p resses .  

I n  a l a t e r  paper ,  p r e s e n t l y  i n  p r e p a r t a t i o n ,  we w i l l  e x p l o r e  i n  

some d e t a i l  t h e  advantages  and l i m i t a t i o n s  o f  modes o f  i n t e r p r e t -  

i n g  d a t a  f r o m  i n s t r u m e n t e d  t a b l e t  p resses .  I n  p a r t i c u l a r ,  

a t t e n t i o n  w i l l  be d i r e c t e d  t o  t h e  u t i l i t y  o f  Area :He igh t  v a l u e s .  

CONCLUSIONS 

The r e s u l t s  f r o m  t h i s  s t u d y  c l e a r l y  show t h e  v a l u e  of t h e  

d e r i v e d  compact ion  parameter ,  A rea :He igh t  r a t i o .  T h i s  and s e v e r a l  

o t h e r  d e r i v e d  parameters  a r e  l i k e l y  t o  a i d  i n  t h e  u n d e r s t a n d i n g  of  

t h e  shape o f  compress ion  p r o f i l e s  i n  f u t u r e  s t u d i e s .  However more 

work i s  o b v i o u s l y  needed t o  e x p l o r e  t h e  r e l a t i o n s h i p  between 

powder p r o p e r t i e s  and compac t ion  da ta .  

I t  i s  p rematu re  t o  a t t e m p t  t o  d e r i v e  d e f i n i t i v e  c o n c l u s i o n s  

f rom t h e  o b s e r v a t i o n s  made i n  t h i s  s tudy .  However, i t  i s  a l r e a d y  

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

between d a t a  d e r i v e d  f r o m  t h e  t h r e e  presses ,  t h e s e  d i f f e r e n c e s  a r e  

r e l a t i v e l y  s m a l l  and t h u s  t h e r e  i s  good reason  t o  b e l i e v e  t h a t  

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

d i f f e r e n t  p resses  can be r e l i a b l y  compared, a t  l e a s t  i n  a semi-  

q u a n t i t a t i v e  manner. 
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