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THE DETERMINATION OF THE COMPRESSIVE YOUNG’S MODULUS OF 
PHARMACEUTICAL MATERIALS 

J.C. Ke r r i dge ,  J.M. Newton, Department o f  Pharmaceutics, The School o f  Pharmacy, 
U n i v e r s i t y  of  London, Brunswick Square, London W C I N  I A X .  

The Young’s Modulus i s  an i m p o r t a n t  m a t e r i a l  p r o p e r t y ,  be ing  a measure of t h e  
s t i f f n e s s ,  i . e .  t h e  r e s i s t a n c e  t o  s t r a i n  o f  a m a t e r i a l .  The Modulus can be 
es t ima ted  by measurement o f  t h e  s lope  o f  t h e  s t r e s s - s t r a i n  cu rve  i n  t h e  e l a s t i c  
reg ion .  P r e v i o u s l y  va lues  have been determined f o r  pha rmaceu t i ca l  m a t e r i a l s  by 
t h e  f l e x u r e  t e s t i n g  o f  compacted r e c t a n g u l a r  beams (Church & Kennerley 1983) .  
F o r  porous m a t e r i a l s  t h e  Young’s Modulus ( E l  can be desc r ibed  e m p i r i c a l l y  by the  
Spr iggs  equa t ion :  

E, = E exp b b p l  

where E, i s  t h e  specimen Young’s Modulus a t  p o r o s i t y  p. and b i s  a m a t e r i a l  
cons tan t  (Sp r iggs  1961). A p l o t  o f  l n ( E s l  a g a i n s t  p y i e l d s  a s t r a i g h t  l i n e  f rom 
which E can be found. 
A technique f o r  measuring E f o r  c y l i n d r i c a l  specimens has been desc r ibed  by 
Paddon 8 Wi lson  (197G). C y l i n d r i c a l  specimens o f  powders o f  v a r i o u s  p o r o s i t i e s  
were prepared on an I n s t r o n  P h y s i c a l  T e s t i n g  machine, u s i n g  an 8.0 mm d i e  and 
co r respond ing  f l a t - f a c e d  punches (Manesty Type 01, a t  a compaction r a t e  o f  0 .5  
cm/min. A f t e r  2 weeks’ s to rage  t h e  specimens were weighed and measured, and t h e  
p o r o s i t y  was c a l c u l a t e d  u s i n g  the  apparent  p a r t i c l e  d e n s i t y  o f  t h e  m a t e r i a l  as 
determined by  an a i r  pycnometer. 
The compressive Young’s Modulus of t h e  specimens was determined by s t r a i n i n g  t h e  
c y l i n d r i c a l  t e s t  p ieces  between p a r a l l e l  p l a t e n s  on t h e  I n s t r o n  a t  a crosshead 
speed o f  0.05 cm/min. The s lope o f  t h e  r e s u l t a n t  s t r e s s - s t r a i n  curve enabled E, 
t o  be c a l c u l a t e d  from: 

Es = L 
(X-CIA 

where L i s  t h e  l e n g t h  o f  t h e  specimen (ml ,  X i s  t h e  s lope  (m/KN), C i s  t h e  machine 
cons tan t  (determined by l o a d i n g  t h e  machine w i t h o u t  a specimen) (m/KNI, and A is 
t h e  c r o s s - s e c t i o n a l  area o f  t h e  specimen (m2) .  
Table 1 shows t h e  va lues  o f  E es t ima ted  f o r  a s p i r i n ,  A v i c e l  PHI02 and potass ium 
c h l o r i d e ,  from t h e  r e l a t i o n s h i p  g i v e n  by t h e  Spr iggs  equa t ion .  

Table 1. Compressive Young’s Modulus va lues  

Mat e r i a  1 P a r t i c l e  s i z e  (M ic rons )  Specimen w t  ( g )  E (  KN/m2 1 x106 
A s p i r i n  + 180-250 0.7 2.5 
A s p i r i n  + 250-355 0.7 2.3 
A s p i r i n  + 250-355 0 .5  2.2 
A v i c e l  PHI02 + 250-355 0.25 4.7 
Potassium C h l o r i d e  * 250-355 0 . 5  9.2 

The method c l e a r l y  d i s t i n g u i s h e s  between t h e  above m a t e r i a l s  i n  t h e i r  a b i l i t y  t o  
r e s i s t  deformat ion.  The h i g h e r  t h e  Young’s Modulus t h e  g r e a t e r  t h e  s t r e s s  
r e q u i r e d  t o  s t r a i n  t h e  i n t e r - m o l e c u l a r  bonds. Potassium c h l o r i d e  i s  composed o f  
s t r o n g  i o n i c  bonds and has a h i g h e r  modulus than  the  c o v a l e n t l y  bonded a s p i r i n  
molecules,  Such a fundamental m a t e r i a l  cons tan t  t h e r e f o r e  a l l o w s  a comparative 
measure o f  t h e  e l a s t i c  p r o p e r t i e s  of  m a t e r i a l s  under s t r e s s .  
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