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ABSTRACT 

I t  i s  shown t h a t  w i t h i n  experimental e r r o r  Athy-Heckel p l o t s  

o f  extruded t a b l e t s  are independent o f  (a)  d i e  f i l l ,  (b)  d i e  

diameter, and ( c )  punch speed i n  slow, s ingle-sided compression. 

Stress a t  f a i l u r e  i s  shown t o  be po ros i t y  dependent. 

I N T R O D U C T I O N  

A number o f  re la t i onsh ips  have been described on the subject  

o f  compaction behavior o f  powders i n  r e l a t i o n  t o  appl ied force. 

One o f  these i s  the Athy-Heckel It states,  t h a t  i f  a 

p a r t i c u l a t e  s o l i d  i s  subject  t o  confinement and pressure (P,Pa), 

then the p o r o s i t y  ( E )  fo l lows the equation 

-1nE = k P + kl 

where k and k '  are constants. 
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2 DANJO, ERTELL, AND CARSTENSEN 

Substances are u s u a l l y  charac ter ized  as compressible, f a i r l y  

compressible, o r  p o o r l y  compressible depending on t h e  s t r e n g t h  (H, 

kP) as a f u n c t i o n  o f  app l i ed  pressure. Again, many p u b l i c a t i o n s  

have appeared on t h i s  s u b j e c t 2 y 7 y 8 .  

No p u b l i c a t i o n  seems t o  have examined the  e f f e c t  o f  machine 

speed on t h e  Athy-Heckel equation. I n  f a c t ,  t h e  equa t ion  i s  

de r i ved  on an assumption o f  a slow compaction process . 
Equat ion (1) i s  o f t e n  used 

( b r i t t l e  f r a c t u r e  o r  p l a s t i c  deformation), an at tempt  has been 

made t o  e s t a b l i s h  whether, i n  f a c t ,  such a speed dependence 

e x i s t s .  

5 Since 

t o  determine the  type  o f  bonding 

P o r o s i t y  i s ,  t h e o r e t i c a l l y ,  cons idered t o  be t h e  v o i d  

f r a c t i o n  o f  an i n f i n i t e  (boundary f r e e )  mass o f  t he  p a r t i c u l a t e  .. 
system i n  quest ion.  

e f f e c t  i n  t a b l e t i n g ,  and o the rs  12,13y14 have shown t h e  e f f e c t  o f  

c e n t r i f u g a l  f o r c e  i n  packing. An at tempt  i s ,  t he re fo re ,  made i n  

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

t h e  quoted parameters. 

Some inves t i ga to rs ' '  have shown t h e  w a l l  

I n  t h e  case o f  t h e  Athy-Heckel equation, t he re  cou ld  be a 

dependence on d i e  s ize,  a l though i t s  magnitude might  be smal l .  

t h e  case o f  t he  pressure-hardness p r o f i l e ,  t he re  cou ld  be a 

c o r r e l a t i o n  between d i e  diameter and f a i l u r e .  

I n  

EXPERIMENTAL 

Data were ob ta ined on a h y d r a u l i c  press (Carver, Menomonee 

F a l l s ,  Wisconsin). D i t a b  i s  a recognized d i r e c t  compression 
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EFFECT OF COMPACTION SPEED AND DIE DIAMETER 3 

e x c i p i e n t  and i n  the  s tud ies  was l u b r i c a t e d  w i t h  0.5% magnesium 

s teara te .  B lending was c a r r i e d  ou t  i n  a b o t t l e ,  r o l l e d  a t  4 rpm 

on a b a r r e l  r o l l e r  f o r  2 minutes. 

through a number 14 mesh hand screen. 

The ensuing m i x t u r e  was passed 

Tab le ts  o f  250 and 500 mg were made on t h e  f o l l o w i n g  punch 

s izes:  1/4”, 5/16”, 3/8” ,  7/16”, and 1/2”. I n  t h e  case o f  t h e  

smal le r  s izes,  500 mg was excessive, and i n  t h e  l a r g e r  s izes ,  250 

mg was i n s u f f i c i e n t ;  bu t  an over lap  e x i s t s  i n  t h e  midd le  s izes ,  so 

t h a t  comparison can be made between a l l  s izes.  

t h i s ,  compression a t  t h ree  d i f f e r e n t  compression weights  was c a r -  

r i e d  ou t  f o r  one diameter, t o  e s t a b l i s h  t h e  e f f e c t  o f  load  on t h e  

p r o f i l e s .  

I n  a d d i t i o n  t o  

The powder was weighed o u t  i n d i v i d u a l l y ,  f e d  i n t o  t h e  d i e  

w i t h  the  lower punch i n  p o s i t i o n  and compressed w i t h  t h e  upper 

punch on t h e  h y d r a u l i c  press. 

a g i v e n  (bu t  c o n t r o l l a b l e )  number o f  seconds, dwel led f o r  20 

seconds, and was then re leased.  

The press app l i ed  t h e  pressure  over  

The punches were f l a t  faced non-bevelled, a l l o w i n g  ready c a l -  

c u l a t i o n  o f  t h e  volume, V, o f  t he  t a b l e t .  The apparent dens i ty ,  

D ’ ,  i s  t hen  g i ven  by 

D ’  = w/v (2 )  

and the  p o r o s i t y  can now be obta ined w i t h  knowledge o f  t h e  t r u e  

dens i t y ,  0, o f  d i ca l c ium phosphate, i.e., 
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4 

E = l-(D'/D) 

D A N J O ,  ERTELL, AND CARSTENSEN 

( 3 )  

Data obta ined i n  t h i s  fash ion  were p l o t t e d  accord ing t o  

Equat ion ( 1 )  f o r  t he  f i v e  punch sizes. 

Table I .  

The r e s u l t s  a re  shown i n  

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

The Athy-Heckel p l o t s  o f  a l l  t he  da ta  from t h e  h y d r a u l i c  

press experiments are shown i n  F igu re  I. The p l o t  shows f a i r  

l i n e a r i t y ,  w i t h  a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  (0.98 

f o r  85 da ta  p o i n t s ) .  These da ta  i nc lude  a l l  punch d iameters.  

F igu re  I 1  shows da ta  f o r  one p a r t i c u l a r  d iameter  s ize ,  i n  

which severa l  compression weights  were used. The p l o t  shows no 

s i g n i f i c a n t  d i e  e f f e c t .  Values f o r  k and k l  a re  shown i n  Table I .  

It i s  seen t h a t  k is  i n v a r i a n t  i n  d. 

k '  i s  t he  va lue o f  - l n ( p o r o s i t y ]  a t  P=O, i.e., i t  r e l a t e s  t o  

t h e  apparent d e n s i t y  o f  t h e  powder i n  the  d ie .  Berg e t  a d 5  have 

TABLE I 

Heckel Parameters 

Diameter (cm) k (MPa-l) k '  

0.64 
0.79 
0.95 
1.1 
1.3 

0.0021 
0.0018 
0.0023 
0.0022 
0.0020 

1.027 
1.057 
1.099 
1.012 
1.039 
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E F F E C T  O F  COMPACTION S P E E D  AND D I E  DIAMETER 5 

R = 0.98 

1.0 I I I I 1 

0 100 200 300 400 

Pressure, MPA 

Fig. 1. HeckeI plot for all data points 

275mg 
13 300mg 

100 200 300 0 

Tableting pressure, MPa 

Fig. 2. Lack of effect ot tablet weight on HeckeI plot 
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6 DANJO, ERTELL, AND CARSTENSEN 

0 100 200 300 400 
m eg aPascal 

R = 0.99 

Fig. 3. Hardness vs. pressure for the 0.6356" diameter die 

shown th is  t o  be a function o f  confining vessel diameter. 

ever, as shown i n  Table I ,  there i s  no great effect  w i t h i n  the 

diameter variation tested here. 

How- 

I t  i s  seen, therefore, that  Heckel plots can be considered 

f a i r ly  ndependent of the die i n  which they were carried ou t .  The 

overlap between tablet  weights a t  a given punch size a lso shows no 

discont n u i t y ,  so that ,  i n  general, d a t a  from different  punch 

sizes and w i t h  differing amounts of loads are comparable, a fac t  

t h a t  makes comparison o f  data simple. 

Hardness values were obtained using a diametrical f a i lu re  

t e s t  (Schleuniger Hardness Tester) .  A typical hardness, ( H ,  ( k P )  ,) 

versus applied compression pressure ( P ,  MPa) p l o t  i s  shown in 

Figure 111. All  such graphs were l inear,  showing t h a t  dicalcium 
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EFFECT OF COMPACTION SPEED AND DIE DIAMETER 

0.15 

R = 0.98 

0.25 0.35 

Porosity 

Fig. 4. Hardness versus porosity 

phosphate dihydrate per se has no tendency of capping. 

there would be a d r o p  i n  hardness a t  a c r i t i c a l  applied 

pressure . 

Otherwise 

16 

The hardness (H, k P )  i s  a function of porosity as shown i n  

Figure IV. I f  H i s  converted t o  s t ress  a t  f a i lu re ,  a ,  by the 

formula 19 

a = 2 H / [ n d L ]  (4) 

where d i s  the diameter of the tab le t  and  L i s  the thickness of 

the t ab le t ,  then a ( log - log )  p l o t  as shown i n  Figure V resu l t s .  

There has been some dispute i n  l i t e ra ture  18,19 as t o  whether 

t o  include a porosity term i n  the denominator of Equat ion ( 2 ) .  
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DANJO, ERTELL, AND CARSTENSEN 

0 1  I I I 1 

-1 .8 - 1 . 6  - 1 . 4  -1.2 -1  .o  
In{ porosity} 

Fig. 5. Non-linear log-log relation between stress and porosity 

TABLE I 1  

E f f e c t  o f  Punch Speed 

Punch Diameter 
Speed 
Cm/S 1/4"  5/16" 3 /a 11 7/16" 1 /2"  

0.54 0.222 0.243 0.266 0.297 0.316 
1.07 0.222 0.239 0.263 0.292 0.294 

4. ia 0.219 0.229 0.257 0.289 0.279 
2.17 0.225 0.235 0.267 0.291 0.286 
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EFFECT OF COMPACTION SPEED AND DIE DIAMETER 9 

F igu re  V shows t h a t  a l og - log  p l o t  i s  (a) a t  bes t  o n l y  f a i r l y  

l i n e a r  and (b) if so, then t h e  s lope i s  about -3, i.e., t h e r e  i s  a 

s t rong p o r o s i t y  dependence if the  s t ress  a t  f a i l u r e  i s  i n t e r p r e t e d  

by t h e  express ion  i n  Equat ion (4). 

The p o r o s i t i e s  of t he  t a b l e t s  as a f u n c t i o n  o f  punch speed 

are shown i n  Table 11. 

Except f o r  t he  low speeds a t  t h e  l a r g e  d i e  s izes,  t he  p o r o s i -  

t i e s  a t t a i n e d  a t  a g i ven  compression f o r c e  seem speed independent. 

Th is  conclus ion,  however, i s  on l y  v a l i d  f o r  t h e  r e l a t i v e l y  low 

speeds employed here, and r e a l  d i f f e rences  may w e l l  occur  a t  

r o t a r y  machine speeds. 
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