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ABSTRACT 

Using an instrumented t a b l e t  press, compression force-t ime 

measurements were used t o  evaluate the  e f f e c t s  o f  fo rmula t ion  and 

processing var iab les  on the compaction process. The e f f e c t s  o f  

t a b l e t  press speed, punch size, depth o f  upper punch penet ra t ion  

( i n t o  the  d i e ) ,  and the  s e t t i n g  o f  t he  over load spr ing  mechanism 

were studied. The e f f e c t s  o f  t a b l e t  weight, p a r t i c l e  s i ze  and 

amount o f  l u b r i c a t i o n  were a l s o  studied. Several d i r e c t  

compression ma te r ia l s  which are be l ieved t o  compact by d i f f e r e n t  

mechanisms were used i n  the study. The r e s u l t s  i n d i c a t e  the 

s e n s i t i v i t y  o f  the  area under the compression force-t ime curve and 

the Area/Height r a t i o .  Some o f  t he  changes seen i n  the  area and 

A/H r a t i o  were those which would be expected from a r e l a t i v e l y  
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470 HOBLITZELL AND RHODES 

simple model o f  compaction/compression. The r e s u l t s  c l e a r l y  show 

the  usefulness o f  t h e  instrumented t a b l e t  press as an a n a l y t i c a l  

t o o l  i n  the  development o f  t a b l e t  formulat ions,  t he  eva lua t ion  o f  

processing requirements, and the  remedy o f  t a b l e t  product ion 

problems. 

INTRODUCTION 

It i s  becoming common p r a c t i c e  a t  several pharmaceutical 

companies t o  ob ta in  compression p r o f i l e s  o f  formulat ions dur ing  

the development stage. These p r o f i l e s  may a c t  as fo rmula t ion  

" f i n g e r p r i n t s "  and a i d  i n  t roub leshoot ing  problems t h a t  may occur 

dur ing  product ion C1-31. Several c h a r a c t e r i s t i c s  o f  the  

compression p r o f i l e  have been suggested as fo rmula t ion  

" f i n g e r p r i n t s " .  These c h a r a c t e r i s t i c s  can be described as 

observed (e.g. maximum compression fo rce )  and der ived  parameters. 

Derived parameters, which can be ca lcu la ted  from d i r e c t  

measurements o f  the  force- t ime curve, i nc lude  area under the  

force- t ime curve, Area/Height r a t i o ,  maximum slope (on t h e  upward 

p o r t i o n  o f  the  curve), minimum s lope (on the  downward p o r t i o n ) ,  

and the  w id th  a t  h a l f  the he igh t ,  along w i t h  several o ther  

parameters. 

Several papers have repor ted  on the  value o f  a der ived  

parameter c a l l e d  the  Area/Height r a t i o  [3-53. This  r a t i o  i s  

obtained by p l o t t i n g  the  Area under the  compr,ession force- t ime 

curve as a func t i on  o f  t he  maximum compression f o r c e  and 
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VARIABLE EFFECTS O N  TABLET COMPACTION 471 

performing l i n e a r  regress ion  on t h i s  r e l a t i o n s h i p .  The regress ion  

c o e f f i c i e n t  ( o r  s lope)  i s  de f ined as the  A/H (Area/Height) r a t i o .  

Ch i lamkur t i  e t  at., who used a s i n g l e  s t a t i o n  eccen t r i c  t a b l e t  

machine i n  t h e i r  study suggested t h a t  data on the  Area/Height 

r a t i o  cou ld  poss ib l y  i n d i c a t e  the  inherent  compress ib i l i t y  o f  the  

ma te r ia l  be ing  compressed 13-51. They concluded t h a t  t he  h igher  

the  A/H r a t i o ,  the  l e s s  the  inherent  compress ib i l i t y  o f  the  

ma te r ia l .  The A/H r a t i o  was de f ined as a measure o f  t he  t ime 

requ i red  t o  t ransmi t  a g iven amount o f  energy t o  a pharmaceutical 

system C41. 

- 

The present  authors, i n  a prev ious communication, repor ted  on 

t h e  poss ib le  va lue o f  us ing the  A/H r a t i o  as a c a l i b r a t i o n  t o o l  

f o r  t h e  comparison o f  compaction data obta ined from severa l  t a b l e t  

presses C61. I n  a paper, descr ib ing  the  ins t rumenta t ion  o f  a 

Stokes B-2 r o t a r y  t a b l e t  press, i t  has been shown t h a t  data 

obta ined from t h e  computer i n te r faced  machine possesses a h igh  

degree o f  p r e c i s i o n  and r e p r o d u c i b i l i t y  CS]. This  t a b l e t  

compression mon i to r ing  dev ice a1 lows the  determinat ion o f  severa l  

observed and der ived  parameters, 

This  paper ( together  w i t h  a second communication) r e p o r t s  on 

an n v e s t i g a t i o n  of t h e  u t i  1 i t y  o f  compression force- t ime data. 

The e f f e c t s  o f  fo rmula t ion  and processing fac to rs  on severa l  

obs rved and der ived  parameters a re  described. I n  t h e  ana lys i s  o f  

t h e  experimental data, emphasis i s  placed on the  der ived  

parameter, t h e  Area/Height r a t i o  and how i t  i s  a f f e c t e d  by these 

fo rmula t ion  and processing var iab les .  
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472 HOBLITZELL AND RHODES 

MATERIALS 

Microcrystal 1 ine cellulose (Avicel PH-102, PH-101 and PH-105, 

FMC Corp. 1, d i  calci um phosphate d i  hydrate I Emcompress, Edward 

Mendel 1 Co. 1 , anhydrous lactose (Sheffield Chemical Co. 1. 

pregelatinized starch (Starch-1500, Colorcon), acetaminophen 

(Ruger Chemical 1 , and magnesium stearate (Fisher Chemical 1 were 

used i n  the study. 

METHODS 

The direct compression matrices were blended w i t h  magnesium 

stearate i n  a WAB Turbula type T2C shakerhixer for five minutes 

prior t o  being compressed. I n  most cases, the blended materials 

were compressed w i t h  3/8 i n c h  standard concave punches on a Stokes 

8-2 rotary tablet press a t  a press speed o f  30 revolutions per 

minute. The t a b l e t  press was instrumented w i t h  integral 

piezoelectric transducers i n  the eye b o l t  and ejection cam t o  

measure compression and ejection forces [l]. The tablet press i s  

interfaced w i t h  a microcomputer using an analog-to-digital 

converter t o  process the signals. An oscilloscope allows ffne 

adjustment o f  the compression force while the press i s  

operat ional  . 
The analysis of  the experimental compression curves was 

performed on a microcomputer using a program written a t  the 

University o f  Rhode Island. The results of analysis o f  i n d i v i d u a l  

compression and ejection curves was uploaded to an IBM 4381-3 
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VARIABLE EFFECTS ON TABLET COMPACTION 473 

mainframe computer loca ted  a t  the  Un ivers i ty .  The data was then 

analyzed us ing  a s t a t i s t i c a l  software package, SAS vers ion  85.2, 

f o r  var ious regression ana lys is  models. 

The e f f e c t  o f  t a b l e t  press speed on compaction parameters was 

charac ter ized  using three mater ia ls :  Avicel  PH-102, Emcompress, 

and anhydrous lac tose  and varying the  press speed, 25, 30, 37.5, 

42.9, 50 and 60 revo lu t i ons  per minute. These opera t ing  speeds 

were se lec ted  t o  a l l o w  an equal number o f  p o i n t s  t o  be c o l l e c t e d  

f o r  each compression and e j e c t i o n  curve by vary ing  the  sampling 

r a t e  o f  t he  analog-to-digi t a l  converter. The ac tua l  sampling 

r a t e s  ranged from 833 Hz t o  2000 Hz. The ma te r ia l s  were then 

compressed a t  var ious compression fo rces  upto a maximum o f  f i f t e e n  

kilo-Newtons. 

Tab le t  weight was inves t iga ted  by designing a f r a c t i o n a l  

f a c t o r i a l  design w i t h  t a b l e t  weight and compression f o r c e  as the  

independent fac to rs .  Two 1 ubr ica ted  d i r e c t  compression mater ia ls ,  

Av ice l  PH-102 and Emcompress were compressed a t  var ious 

compression fo rces  between two and twenty-f ive kilo-Newtons a t  

several t a b l e t  weights. The t a b l e t  weights were va r ied  f o r  each 

o f  t h e  mater ia ls .  Only a l i m i t e d  range o f  weights cou ld  be used 

f o r  Avicel  PH-102 due t o  i t s  low bu lk  densi ty.  

Emcompress was blended w i t h  an amount o f  magnesium s teara te  

t o  g i ve  a 0.59 l u b r i c a n t  concentrat ion and compressed t o  

i n v e s t i g a t e  t h e  e f f e c t  of  the  amount o f  upper punch penet ra t ion  on 

t h e  shape of the  compression force-time curve. Tablets were 

compressed a t  various compression forces over a range o f  0 t o  25 
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HOBLITZELL AND RHODES 474 

kilo-Newtons a t  a weight  o f  600 m i l l i g rams  per  t a b l e t .  A se r ies  

o f  compressions were performed a t  t he  f o l l o w i n g  punch penet ra t ion  

depth se t t i ngs :  1/8", 3/16", 1/4", 5/16" and 3/8 inches. The 

t a b l e t  press was operated a t  a speed o f  t h i r t y  revo lu t i ons  per  

minute. 

The e f f e c t  o f  l u b r i c a n t  concent ra t ion  was inves t i ga ted  us ing  

Avice l  PH-101, Av ice l  PH-102 and Emcompress. The systems 

contained vary ing concentrat ions o f  magnesium stearate.  The 

magnesium s teara te  and d i r e c t  compression m a t r i x  were mixed f o r  

f i v e  minutes p r i o r  t o  compression. Blends were compressed a t  a 

press speed o f  t h i r t y  revo lu t i ons  per  minute. Tablets  were 

compressed a t  var ious fo rces  between zero and twenty kilo-Newtons. 

Table I d e t a i l s  the  material-magnesium s tea ra te  blends used i n  the  

study . 
P a r t i c l e  s i z e  was s tud ied  us ing th ree  grades o f  Av ice l  

(PH-101, PH-102 and PH-105). These m a t e r i a l s  were mixed w i t h  

0.25% magnesium s teara te  i n  a WAB Turbula model T2C s h a k e r h i x e r  

f o r  f i v e  minutes. These powder blends were then compressed. A l l  

ma te r ia l s  were compressed using the  same d i e  f i l l  volume. Bulk 

and tap  d e n s i t i e s  were obta ined f o r  the  th ree  m a t e r i a l s  and t h e  

t a b l e t  weights, thicknesses, and hardnesses were measured. The 

t a b l e t  press was operated a t  a r o t a t i o n a l  speed o f  30 revo lu t i ons  

per minutes. Tablets  were compressed a t  s i x  compressional fo rces  

between t w o  and f i f t e e n  ki lonewtons. 

The d i r e c t  compression matr ices were blended w i t h  0.5% 

magnesium s teara te  i n  a WAB Turbula type T2C shaker/mixer f o r  f i v e  
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476 HOBLITZELL AND RHODES 

TABLE I 1  

Bulk and Tapped Oensi t i e s  o f  Severa l  

M a t e r i a l s  Used i n  t h e  Study 

B u l k  D e n s i t y  Tap D e n s i t y  

M a t e r i a l  ( g / m l )  fg/ml) 

Anhydrous Lactose 0.544 (0.0071 0.796 (0.008) 

A v i c e l  PH-101 0.293 (0.003) 0.417 (0.009) 

Avi c e l  PH-102 0.285 (0.002) 0.408 (0.007) 

Emcompress 0.780 (0.006) 0.910 (0.008) 

S t a r c h  1500 0.621 (0.008) 0.801 (0.013) 

* 
Note: Values i n  parentheses a r e  s t a n d a r d  d e v i a t i o n s  o f  t h r e e  

d e t e r m i n a t i o n s  o f  t h e  dens i  t i e s  . 

minutes.  

f o r c e s  between ze ro  and 30 k i l onewtons .  

These b lends  were t h e n  compressed a t  v a r i o u s  compression 

RESULTS 

M a t e r i a l  E f f e c t s  

C h a r a c t e r i z a t i o n  data,  b u l k  and tapped d e n s i t i e s ,  f o r  t h e  

m a t e r i a l s  used i n  t h i s  s tudy  a r e  g i v e n  i n  Tab le  11. The d e n s i t i e s  

o f  these m a t e r i a l s  d i f f e r  g r e a t l y ,  and thus  s u b s t a n t i a l  

d i f f e r e n c e s  i n  compact ion curves m i g h t  be expected. I n  o r d e r  t o  

compare t h e  areas under t h e  compression fo rce - t ime  curves,  t h e  
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T I M E  <MSEC> 

FIGURE 1 

Compression cu rves  f o r  ( a )  anhydrous l a c t o s e ,  (b)  A v i c e l  , 
( c )  Emcompress and ( d )  S t a r c h  1500 when t a b l e t  w e i g h t  

a d j u s t e d  f o r  t h e  b u l k  d e n s i t y  o f  t h e  m a t e r i  a1 

m a t e r i a l s  were compressed u s i n g  t h r e e  d i f f e r e n t  methods: (1) 

a d j u s t  t h e  t a b l e t  w e i g h t  f o r  d i f f e r e n c e s  i n  b u l k  d e n s i t y ,  ( 2 )  

a d j u s t  t h e  t a b l e t  we igh t  f o r  d i f f e r e n c e s  i n  t a p  d e n s i t y ,  and ( 3 )  

a d j u s t  t h e  t a b l e t  we igh t  t o  y i e l d  t a b l e t s  b e i n g  compressed w i t h  

s i m i l a r  th icknesses.  Tables 111 t o  V show t h e  maximum compression 
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FIGURE 1 (continued) 

force, the area under the  curve, and the p roper t i es  o f  t he  t a b l e t s  

produced. Figures 1 and 2 show compression force-t ime curves when 

these mater ia ls  a re  compressed according t o  t h e i r  bulk and tap 

den is i t i es .  The compression force-t ime curves from producing 

t a b l e t s  o f  s i m i l a r  thicknesses are  i l l u s t r a t e d  i n  F igure  3.  A 

s i m i l a r  compression fo rce  was used f o r  each compression. Apparent 

dens i t i es  o f  each o f  t h e  compactions was ca l cu la ted  using the  

volume and weight o f  t h e  r e s u l t a n t  t a b l e t s  and a re  given i n  Table 
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FIGURE 2 

Compression curves f o r  (a )  anhydrous lactose, (b) Avicel ,  

( c )  Emcompress and ( d )  Starch 1500 when t a b l e t  weight 

adjusted f o r  the  tap  dens i ty  o f  the  ma te r ia l  

V I  . The apparent dens i ty  repor ted  i nc l  udes the i n t e r p a r t i  cu l  a te  

v o i d  spaces (between p a r t i c l e s )  as w e l l  as the  i n t r a p a r t i c u l a t e  

vo id  space ( w i t h i n  the  p a r t i c l e s )  o f  the  compressed t a b l e t .  

As can be seen from these resu l t s ,  the shape o f  t he  

compression force-t ime curve i s  determined by several fac to rs ,  

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



VARIABLE EFFECTS ON TABLET COMPACTION 483 
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FIGURE 2 (continued) 

i nc lud ing  the  behavior the ma te r ia l  e x h i b i t s  when p u t  under 

stress.  The r e s u l t s  appear t o  i n d i c a t e  t h a t  t he  amount o f  

ma te r ia l  needed t o  compress t a b l e t s  t o  s i m i l a r  thicknesses i s  

l a r g e l y  dependent on t h e  tap  dens i t y  o f  the mater ia l .  This would 

agree w i t h  the  general p r i n c i p l e  o f  compress ib i l i t y  (which i s  the  

inverse  o f  t h e  bu lk  modulus) where a ma te r ia l  which undergoes the  

grea tes t  change i n  volume dur ing  a p p l i c a t i o n  o f  a s t r e s s  i s  t he  

most compressible mater ia l .  From the resu l t s ,  a g rea ter  area 
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FIGURE 3 

Compression curves f o r  (a )  anhydrous lactose, (b) Avicel  , 
( c )  Emcompress and ( d )  Starch 1500 when t a b l e t  weight 

adjusted f o r  s i m i l a r  t a b l e t  thicknesses 

resul ted from compressing Avicel , which i s  general ly regarded as 

the most compressible mater ia l  used i n  t h i s  study. It i s  

important t o  note t h a t  the term "compressibi l i ty"  r e f e r s  t a  the 

reduct ion i n  volume o f  a mater ia l ,  and no t  the consol idat ion of 

the mater ia l .  The terms "compressibi l i ty"  and "conpac t ib i l i t y " ,  
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T I M E  <MSEC> 

FIGURE 3 (continued) 

are  sometimes used interchangeably by many, b u t  f o r  purposes o f  

c l a r i f i c a t i o n  i n  t h i s  paper, compress ib i l i t y  i s  termed as the  

a b i l i t y  t o  reduce in volume and c o m p a c t i b i l i t y  i s  t he  a b i l i t y  t o  

form strong tab le ts .  

Several o f  these ma te r ia l s  were compressed a t  several 

compression forces and the observed parameters, f o r c e  and area 

were recorded. From these observations, t he  A/H r a t i o  was 

ca lcu la ted  us ing  l e a s t  squares regression. The r e s u l t s  o f  t he  
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486 HOBLITZELL AND RHODES 

l i n e a r  regress ion c o e f f i c i e n t s  i n d i c a t e  obvious d i f f e rences  

between each o f  t h e  ma te r ia l s  compressed i n  any p a r t  o f  t h i s  

study. A p re l im ina ry  compression ser ies  appeared t o  conf i rm the  

f i nd ings  o f  Chi lamkur t i  - e t  a l .  C3-53. However t h e  da ta  repor ted  

i n  a l a t e r  p a r t  o f  t h i s  paper i nd i ca tes  t h a t  t h e  hypothesis 

advanced by Ch i lamkur t i  - e t  a l .  may requ i re  mod i f i ca t ion .  

Table V I I  shows the  da ta  obtained from t h i s  p re l im ina ry  

study, which i n d i c a t e s  the  p rec i s ion  o f  the da ta  obta ined and 

the re fo re  i t  should be noted t h a t  standard d e v i a t i o n  ba rs  w i l l  be 

excluded from f i g u r e s  s ince they  are very small .  

Depth o f  Upper Punch Penet ra t ion  

The amount o f  upper punch penet ra t ion  was thought t o  be a 

poss ib le  cause f o r  t he  d i f f e rences  i n  t h e  Areahie ight  r a t i o s  

between t h e  s i m i l a r  t a b l e t  presses i n  an e a r l i e r  repor ted  study 

[ "Pre l  iminary Inves t i ga t i ons  On The P a r i t y  o f  Tab le t  Compression 

Data Obtained From D i f f e r e n t  Instrumented Tab le t  Presses"]. Th is  

study was conducted t o  see how much e f f e c t  t h i s  machine adjustment 

would have on t h e  shape o f  t h e  compression curve. 

Regression ana lys i s  was performed on t h e  compression resu i  t s  

obtained. The r e s u l t a n t  parameters ( A / H  r a t i o  and i n t e r c e p t ) ,  

g iven i n  Table V I I I ,  d i d  n o t  appear t o  be s t a t i s t i c a l l y  

s i g n i f i c a n t .  A heterogenei ty  o f  s lope ana lys i s  was performed 

(us ing t h e  general l i n e a r  models procedure i n  SAS) t o  determine i f  

the  d i f f e rences  seen i n  the  A I H  r a t i o s  and i n t e r c e p t s  ca l cu la ted  

were a c t u a l l y  o f  any s t a t i s t i c a l  s ign i f i cance.  The r e s u l t s  o f  

t h i s  procedure, shown i n  Table I X ,  i n d i c a t e  t h a t  the  d i f f e rences  

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



VARIABLE EFFECTS ON TABLET COMPACTION 48 7 

TABLE V I I 

Area/Height Rat ios  and In te rcep ts  o f  Several Ma te r ia l s  

AreaIHei ght2 

Mater ia l  Rat io (E-03 sec) I n t e r c e p t  (N-sec) 

Avi ce l -  101 58.39 (0.27) -37.40 (2.92) 

Avicel-102 57.66 (0.40) -14.70 (4.14) 

Emcompress 59.71 (0.51) -73.75 (5.42) 

6.51) 

5.02) 

D i c a l c i  um Phos . D i  hyd. 60.68 

Anhydrous Lactose 63.77 

0.62) -80.44 

0.49) -76.78 

'Note: values i n  parentheses a re  standard e r r o r s  o f  t he  est imates 

2Note: from supp l ie r  o f  unbranded unmil led d ica lc ium phosphate 

d i  hydrate 

observed i n  t h e  A I H  r a t i o s  and in te rcep ts  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  (p > 0.05) and t h a t  the depth o f  upper punch 

penet ra t ion  i n  t h e  d i e  d i d  no t  appear t o  change t h e  shape o f  the  

compression force-t ime curve. 

The r e s u l t s  i n d i c a t e  t h a t  i t  i s  the  distance between the 

upper and 1 ower compress1 on r o l l  e rs  t h a t  determi nes the  

compression fo rce  f o r  a given amount o f  ma te r ia l .  If t h e  amount 

o f  mater ia l  being compressed i s  kep t  constant, then as the  depth 

o f  upper punch penet ra t ion  i s  adjusted, then t h e  he igh t  o f  the 

lower pressure r o l l  above the lower punch cam a lso  must be 
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488 HOBLITZELL AND RHODES 

TABLE V I I I  

E f f e c t  o f  the depth o f  upper punch penetrat ion on 

the Area/Height r a t i o  and in te rcep t  values 

Depth o f  Punch Areaheight  Parameters 

Penetration Rat io In tercept  

( i nches 1 E-03 sec N-sec 

1/8 58.07 (0.40) -47.83 (3.67) 

3/16 58.25 (0.39) -43.17 (3.58)  

1/4 56.92 (0.36) -45.28 (3.40) 

5/ 16 57.73 (0.38) -45.81 (3.54) 

3/ 8 58.47 (0.43) -45.64 (4.00) 

* 
Note: Standard e r ro rs  o f  the parameter estimates are i n  

parentheses, n-50 

adjusted. 

t rave l  t h a t  determines the resu l tan t  compression force. 

It should be noted t h a t  t heo re t i ca l l y ,  as the lower pressure 

r o l l  i s  varied, the lower punch p r o f i l e  as i t  t rave ls  on the 

r o l l e r  w i l l  be s h i f t e d  i n  r e l a t i o n  t o  the upper punch t rave l  

across the upper pressure r o l l .  Yet, the s h i f t  i n  t h i s  lower 

p r o f i l e  was not  s ign i f i can t  t o  a l t e r  the area under the 

compression force-time curve. 

It i s  the sumnation o f  the upper punch and lower punch 
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489 VARIABLE EFFECTS ON TABLET COMPACTION 

TABLE I X  

Results o f  a SAS Proc GLM using a heterogeneity o f  slope 

model 
* 

f o r  the e f f e c t  o f  depth o f  upper punch penetrat ion 

Dependent Variable: AREA 

Source 

Punch Penetrat ion 

Height 

Hei gh t*Punch Penetr . 
Error  

Corrected Total 

R-Square 0.9978 

DF SUM OF SQUARES F VALUE PR > F 

4 2846.56 5.52 0.0003 

1 13855354.74 99999.99 1E-70 

4 1208.48 2.35 0.0553 

240 309 14.93 

249 13890324.71 

Root MSE 11.3495 

* 
Statements o f  the GLM Procedure, inc lud ing the model t o  determine the 

heterogeneity o f  slope. 

PROC GLM; 

(PP = Punch Penetrat ion) 

CLASS PP; 

MODEL AREA = PP HEIGHT HEIGHT*PP / SOLUTION; 

Pressure Overload Spring Se t t i ng  

On the Stokes 8-2 ro ta ry  t a b l e t  press (and a lso f o r  many 

other ro ta ry  t a b l e t  presses) there i s  an overload tension spring 

t o  prevent damage occuring t o  the punches should a force be 

exerted beyond the maximum determined f o r  t h a t  punch. An 

invest igat ion as t o  whether the s e t t i n g  of t h i s  pressure overload 
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490 HOBLITZELL AND RHODES 

TABLE X 

Effect of the Overload Pressure Setting 

Setting of Spr ing  (tons) A/H Ratio (x10-3 sec) 

1.4 62.56 (0.56) 

2.5 62.66 (0.61) 

3.8 63.01 (0.63) 

4.5 62.89 (0.49) 

* 
Note: results obtained from compression of  anhydrous 

lactose and 0.5% magnesium stearate. 

are standard errors of the A/H Ratio estimates. 

Values i n  parentheses 

spring has any effect  on the shape o f  the compression profile was 

conducted. I t  was f e l t  that  the sett ing of the overload mechanism 

m i g h t  change area under the compression curve. 

As can be seen in Table X ,  this variable d i d  no t  change 

significantly the area under the compression force-time curve. I t  

appears t h a t  this would o n l y  be a factor i f  one i s  compressing a t  

loads relatively close t o  the overload sett ing of the tension 

spring and a t  that  p o i n t  a f lattening of the compression curve 

would occur. 

Tablet Press Speed 

Tableting speed is defined here as  the ro t a t iona l  speed o f  a 

rotary tableting machine. As the tableting speed i s  varied, the 
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VARIABLE EFFECTS ON TABLET COMPACTION 491 

vertical punch velocity is also proportionately changed. It would 

be expected that tableting speed would significantly effect the 

area under the compression force-time curve since the time over 

which the compaction event is occuring is changed. It is not 

known as to what effect the tableting speed (or punch velocity) 

will have on the compaction behavior of the materials. Typical 

plots of area as a function of compression force are shown in 

Figure 4. The relationship of area to force with respect to 

tableting speed may be better understood in the three-dimensional 

plots illustrated in Figure 5. Using the A/H concept, the A/H 

ratios for the materials as a function of tableting speed are 

shown in Figure 6. This would suggest that Avicel PH-102 and 

Emcompress have similar A/H ratios, and hence behave similarly 

with respect to changes i n  tableting speed. 

The differences in the compaction behavior of Emcompress and 

Avicel is well documented in the literature. When compacted, 

Avicel PH-102 undergoes a high amount of plastic deformation, 

which is dependent on time for the accommodation of stresses 

developed during cornpaction. On the other hand, Emcompress 

particles fracture when the elastic limit of the material is 

surpassed. Therefore, it would not be expected to see similar 

changes in the compaction of these materials with respect to 

tableting speed. Table X shows some of the area and force data 

that was obtained. The areas under the force-time curves of the 

two materials are significantly different, when compressed to 

similar compression forces. Yet, least squares linear regression 
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492 HOBLITZELL AND RHODES 

0 5 10 15 

FORCE (KN) 

FIGURE 4 

P l o t s  of Area as a function of Force a t  several tablet 

press speeds for  ( A )  Avicel PH-102, ( 8 )  Emcompress 

and (C) anhydrous lactose. Speed: (0) 25 rpm, 

(A) 30 rpm, (0) 37.5 rpm, 42.9 rpm, 

(A) 50 rpm, and (4) 60 rpm. 
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(B) 

493 

0 5 10 15 

FORCE (KN) 

(c) 

0 5 10 15 
FORCE (KN) 
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4 w a: 
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0 .  
1 

HOBLITZELL AND RHODES 

(4 

1 2 0 0 4  1000 

. 
Force (kN) 

FIGURE 5 

60 

Three dimensional p l o t s  o f  Area as a funct ion  o f  

fo rce  and t a b l e t i n g  speed f o r  ( a )  Avicel PH-102, 

( b )  Emcompress and ( c )  anhydrous lac tose  
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FIGURE 5 (continued) 
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FIGURE 5 (continued) 
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\ 
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FIGURE 

P l o t  o f  Area/Height Rat io 

t o  tab le t i ng  speed f o r  

6 

(slope) as i t  re la tes  

0) Avicel PH-102, 

(0) Emcompress, and (A) anhydrous lactose 

o f  area as a funct ion o f  force shows no s i g n i f i c a n t  d i f ference i n  

the A/H r a t i o s  (p  0.05). Figure 7 i l l u s t r a t e s  the changes t h a t  

occur t o  the i n te rcep t  value o f  t he  A/H re la t ionship.  These p l o t s  

show t h a t  even though the A/H r a t i o s  o f  Avicel PH-102 and 

Emcompress a re  s imi lar ,  the change i n  t h e i r  A/H in tercepts  d i f f e r  

d r a s t i c a l l y  when the tab le t i ng  speed i s  changed. The A/H 

i n te rcep t  of Emcompress converges on zero as the tab le t i ng  speed 
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HOBLITZELL AND RHODES 

FIGURE 7 

P l o t  of Area/Height Intercept as i t  relates 

t o  tablet  speed for (0) Avicel PH-102, (0) 
Emcompress, and ( A) anhydrous 1 actose 

i s  increased, b u t  that  for  Avicel PH-102 does not  change 

significantly. An inverse l inear relationship was found t o  exis t  

between the intercept and the tableting speed for the Emcompress 

and anhydrous lactose ( R 2  > 0.9). Conversely, a p l o t  of the A / H  

r a t io  against the inverse tableting speed shows a linear 

relationship for a l l  the materials compressed including the Avicel 

PH-102. 
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.250 
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! 
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d / 
e 

t I I I I I I 

25 30 40 50 60 

PRESS SPEED (rpn) 

FIGURE 8 

The re1 a t i onsh ip  of t a b l e t  thickness versus t a b l e t i n g  

speed f o r  (0) Avicel  PH-102, (0) Emcompress, and 

(A) anhydrous lac tose  t a b l e t s  compressed a t  6.8 kN 

Figure 8 shows the  e f f e c t  o f  t a b l e t i n g  speed on t a b l e t  

thickness. Tablet  thickness decreased (or  t a b l e t  dens i ty  

increased) w i t h  an increase i n  the "contact"  t ime due t o  the  

pro longat ion  o f  t he  t ime ava i l ab le  f o r  p l a s t i c  deformation t o  

occur f o r  t h e  Av ice l  PH-102. Emcompress and anhydrous lac tose  
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500 HOBLITZELL AND RHODES 

( b r i t t l e  mater ia ls)  showed no s i g n i f i c a n t  changes i n  t a b l e t  

thickness (o r  t a b l e t  densi ty)  as a r e s u l t  o f  changes i n  the 

"contact" time dur ing compression. The e f f e c t  o f  "dwell" t ime can 

also be seen as a decrease i n  the t a b l e t  strength f o r  Avicel 

PH-102 as the tab le t i ng  speed was increased. This e f f e c t  was not  

s i g n i f i c a n t l y  seen i n  e i t h e r  the Emcompress or  anhydrous lactose 

materials. The re la t i onsh ip  o f  the A/H r a t i o  t o  tab le t i ng  speed 

was best determined t o  be t h a t  o f  an inverse p ropor t i ona l i t y .  

E f fec t  o f  Lubricant 

There was a noticeable decrease I n  the A/H r a t i o  as the 

amount o f  l ub r i can t  was increased i n  the formulation, The r e s u l t s  

are shown i n  Table XII. A contrast  o f  the e f f e c t s  as determined 

by a heterogeneity o f  slope GLM model, ind icated t h a t  only Avicel 

P H - 1 0 1  without lubr icant ,  was s i g n i f i c a n t l y  d i f f e r e n t  (p < 0.05) 

f rom the other concentrations o f  t h a t  mater ia l .  The increase i n  

the A/H r a t i o  can be contr ibuted t o  the increase i n  the  amount o f  

f r i c t i o n  occurring dur ing compaction. The d i f ference seen between 

the two  grades o f  Avicel may best be explained as a r e s u l t  o f  the 

two materi a1 s having d i  f f erent mean p a r t i  c l  e s i  zes and thus 

d i f f e r e n t  amounts o f  surface area avai lab le f o r  f r i c t i o n a l  contact 

during compaction. Since Avicel P H - 1 0 1  has a smaller p a r t i c l e  

size, i t  would therefore have a greater A/H r a t i o .  

(Emcompress blends w i th  l u b r i c a n t  concentrations less than 

0.255 could no t  be tab leted s a t i s f a c t o r i l y  wi thout s t i c k i n g  and 

adhesion o f  mater ia l  (and tab le ts )  t o  the punches. 1 
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502 HOBLITZELL AND RHODES 

TABLE X I 1  

1 Resul ts  o f  M u l t i p l e  Regression Analys is  f o r  t h e  E f f e c t  

o f  Tab le t  Weight on the  Area/Height Re la t i onsh ip  

Parameter 
2 Estimate Coef f i c i en t 

Emcompress: 

bl (compression fo rce)  56.608 

b2 ( t a b l e t  weight )  0.132 

i n t e r c e p t  -118.146 

Av ice l  PH-102: 

bl (compressi on force 1 53.069 

b2 ( t a b l e t  weight )  0.227 

I n t e r c e p t  -74.552 

(0.197) 

(0.005) 

(3.636) 

(0.251 1 

(0.037) 

( 10.887 1 

'The m u l t i p l e  regress ion  model used i n  these analyses was: 

Area = blForce + b2Weight + I n t e r c e p t  

2The u n i t s  f o r  t h e  est imates are  as fo l l ows :  bl, E-03 sec; 

be, N-seclmg; and in te rcep t ,  N-sec. 

Tab1 e t  Weight 

Tab le t  weight, or t h e  amount o f  ma te r ia l  be ing  compressed was 

seen dur ing  the  study o f  ma te r ia l  c h a r a c t e r i s t i c s .  t o  a f f e c t  t he  

area under t h e  force- t ime curve. I t s  a f f e c t  on t h e  A/H r a t i o  was 

n o t  known, and a s tudy was designed t o  study t h i s .  F igure  9 shows 

th ree  dimensional diagrams which i n d i c a t e  t h e  e f f e c t  o f  t a b l e t  

weight  on t h e  area under the  force- t ime curve f o r  Av ice l  PH-102 
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VARIABLE EFFECTS ON TABLET COMPACTION 503 

and Emcompress. Both systems were lubricated w i t h  0.58 magnesium 

stearate. 

Analysis of  the d a t a  shows that  an increase i n  the amount of 

material being compressed wil l  cause an increase i n  the value o f  

the Area/Height ra t io  which will be obtained. An increase i n  the 

A / H  ra t io  would be expected since a larger amount of die-wall 

f r ic t ion i s  occurring d u r i n g  the compaction o f  the larger mass or 

amount of material. I f  bo th  systems are adequately lubricated, 

then the increase i n  the  A/H r a t io  can be considered a resu l t  of 

the increased resistance o f  the material t o  compression. The 

amount of  interparticular f r ic t ion occurring d u r i n g  compaction i s  

considered t o  be neglible, and i n  a well lubricated system the 

amount of die-wall f r ic t ion occurring should be minimal. 

Mu1 t i  p l  e regression analyses were conducted on the 

experimental data of  each of the materials. A simple multiple 

regression model was going t o  be used: 

g h t  + e 

the intercept term i s  not  

ng compressed. I n  order t o  

between the two materials, 

th i s  simple multiple regression model need terms f o r  the material 

effects  t o  be added: 

Area = bo + ba0M + b l F  t balFM + b2W + b I Z W M  + e 

where M = Material 

F = Force 

W = Weight 

and e = error 

Area = bo + blForce + b2We 

From Figure 9,  i t  would appear t h a t  

affected by the weight o f  material be 

contrast the results of the analysis 
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5 04 HOBLITZELL AND RHODES 

FIGURE 9 

Three dimension p l o t s  i l l u s t r a t i n g  the e f f e c t  o f  t a b l e t  

speed and force on t h e  area under the  compression force- 

t ime curve f o r  ( A )  Avicel PH-102 and ( B )  Emcompress 
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FIGURE 9 (continued) 
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5 06 HOBLITZELL AND RHODES 

The SAS output results of this analysis i s  given i n  Table XII. 

The analyses of the two materials were done separately so as not 

to biase the resu l t s  of each material. As can be seen from the 

SAS GLM contrast  results.  the values for  the regression 

coefficients are  s t a t i s t i c a l l y  significant ( fo r  force: p < .0001; 

weight:  p = .0109). The estimates of the coefficients are very 

good w i t h  very small standard errors .  

Par t ic le  Size: 

Par t ic le  s i ze  cu ts  tha t  would result i n  d ras t ica l ly  d i f fe ren t  

mean par t ic le  sizes could not be obtained i n  suff ic ient  quantity 

t o  conduct an experiment on the rotary tab le t  machine. T h u s .  

several brands of Avicel (PH-101, 102, and 105) were used. T h e  

A / H  r a t ios  and intercept obtained for a l l  three brands were not 

significantly different  ( a t  a level of p = 0.05). 

Other Derived Parameters 

A regression analysis of the wid th  of the compression curve 

a t  50% of the maximum compression force as  a function of the 

force, yields  what i s  a l inear  relationship i n  a l l  cases except 

for Avicel PH-102 and Avicel PH-101. The regression coeff ic ient  

of this relationship i s  small b u t  the intercept term appears t o  

have some significance. I t  appears tha t  i t  may be  the inherent 

w i d t h  of the compression curve and dependent on the material or 

formulation bei ng compressed. 

CONCLUSION S 

The resul ts  described i n  this paper clearly show the 

sensi t ivi ty  of the area under the compression force-time curve and 
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the  der ived  parameter, Area/Height r a t i o ,  t o  fo rmula t ion  and 

processing fac to rs .  Clear ly,  t h e  area under the  force-t ime curve 

i s  n o t  as simple a f u n c t i o n  as was f i r s t  suggested by Chi lamkurt i  

e t  a l . ,  and f u r t h e r  i n v e s t i g a t i o n  i s  needed t o  f u l l y  charac ter ize  

a l l  t he  f a c t o r s  which can in f l uence  the  area under the  compression 

force-t ime curve, and hence the  A/H r a t i o .  I n  many cases, the 

changes i n  the  A/H r a t i o  are indeed those which would be expected 

from a r e l a t i v e l y  simple model o f  compaction/ compression. The 

s ign i f i cance  o f  the  negat ive i n t e r c e p t  term i s  n o t  known a t  t h i s  

time. 

- 
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