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ABSTRACT 

I n  t h i s  s t u d y  t h e  u s e f u l n e s s  o f  d i f f e r e n t  k i n d  o f  Hecke l  

t r e a t m e n t s  t o  d e s c r i b e  t h e  e ' l a s t i c  p r o p e r t i e s  o f  t h e  compressed 

m a t e r i a l s  was e v a l u a t e d .  Two methods were used t o  f i n d  t h e  

v a l u e s  f o r  Hecke l  f u n c t i o n ,  namely,  t a b l e t - i n - d i e  method and 

e j e c t e d  t a b l e t s  method. The s l o p e  v a l u e s  were c a l c u l a t e d  b y  

means o f  t h e  f i r s t  d e r i i v a t i v e  o f  t h e  Hecke l  f u n c t i o n .  The r e -  

l i a b l e  c o n c l u s i o n s  f rom t h e  t o t a l  e l a s t i c  r e c o v e r y  were p o s s i b l e  

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

upward p l o t  s l o p e s  o b t a i n e d  f r o m  t h e  two methods used -in t h i s  

s t u d y .  The downward p a r t  o f  t h e  Hecke l  p l o t  was n o t i c e d  t o  be 

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

p rocess .  
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1904 PARONEN 

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

The Heckel equat ion  i s  a widely used method f o r  ob ta in ing  

information from the  compression p r o p e r t i e s  o f  t he  pharmaceut icals .  

The mathemdtical form of t h i s  equat ion  i s  ( 1 , Z )  

1 

l - D  
I n  ( - - - )  = k P  + A 

where I1 i s  t he  packing f r a c t i o n  o f  t he  t a b l e t ,  or the  apparent  

den5it.y of t he  t a b l e t  d iv ided  by the e f f e c t i v e  p a r t i c l e  d e n s i t y .  

F) i s  t he  app l i ed  p res su re .  The cons t an t s  I< and A a r e  determined 

from the  s lope  and i n t e r c e p t ,  r e s p e c t i v e l y ,  of t he  e x t r a p o l a t e d  

l i n e a r  po r t ion  of the p l o t  of I n  (l/(l-D)) v s .  P .  

Two d i f f e r e n t  methods have been used f o r  ob ta in ing  da ta  i n t o  

the  Heckel t r ea tmen t .  F i r s t l y ,  t ab le t - in-d ie -method.  in  which 

the  app l i ed  p res su re  and t h e  packing f r a c t i o n  of t h e  powder column 

a r e  determined a t  s eve ra l  po in t s  during one compression process .  

Most o f t e n  only  the  upward p a r t  o f  the Heckel p l o t s  has been used 

f o r  conc lus ions .  Thus the  va lues  obta ined  a f t e r  t he  maximurri com- 

press ion  phase a r e  not  used f o r  c d l c u l a t i o n s .  Duberg and Nystrorn 

( 3 )  have, however, supposed t h a t  downward p a r t  of the HeLkel p l o t  

could be usefu l  f o r  desc r ib ing  t h e  e l a s t i c  recovery o f  t he  ma- 

t e r i a l s  during the  compression process .  I n  the second method, 

e j e c t e d  t a b l e t s  method, t h e  maximum upper punch p res su res  and the  

packing f r a c t i o n s  determined by measuring the  dimensions of t ab -  

l e t s  a f t e r  t he  e j e c t i o n  of t he  t a b l e t  from t h e  d i e ,  a r e  used f o r  

conclus ions .  D i f f e ren t  kind of da t a  i s  ob ta ined  using d i f f e r e n t  
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HECKEL PLOTS .4S INDICATORS OF ELASTIC PROPERTIES 1905 

methods. Paronen and J u s l i n  ( 4 )  have p o i ’ n t e d  o u t  t h a t  u s e f u l  

c o n c l u s i o n s  f r o m  t h e  d e f o r m a t i o n  p r o p e r t i l e s  o f  t h e  compared ma- 

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

same s t u d y .  

The a i m  o f  t h i s  s t u d y  was t o  e v a l u a t e  t h e  u s e f u l n e s s  o f  

d i f f e r e n t  k i n d  o f  Hecke l  t r e a t m e n t s  t o  d e s c r i b e  e s p e c i a l l y  t h e  

e l a s t i c  p r o p e r t i e s  o f  t h e  compressed m a t e r i a l s .  

MATERIALS AND METHODS 

~ M a t e r i a l s  

The m a t e r i a l s  s t u d i e d  were; m i c r o c r y s t a l l i n e  c e l l u I o s e ,  

A v i c e l  PH 101 ( F M C  Corp. P h i l a d e l p h i a ,  USA), d i c a l c i ! i n i  phosphate  

d i h y d r a t e ,  Parmcompress ( F i r m a  P a r m a n t i e r ,  West-Germany), m o d i f i e d  

s t c r c h ,  S t a r c h  11500 (Co lo , rcon L t d . ,  U K ) ,  sodium c h l o r i d e  (Merck ,  

West-Germany). These m a t e r i a l s  were chosen because o f  -the we1 1 -  

known d i f f e r e n c e s  i n  t h e i r  d e f o r m a t i o n  p r o p e r t i e s .  A l l  t h e  ma- 

t.e r i a 1 s , be s i de s d i ca 1 c i urn p h ti s p ha t e  , a r e  p 1 a s t i ca 1 1 y de f o rm i  ng  . 
D i c a l c i u m  phosphate  i s  f r a g m e n t i n g  d u r i n g  t h e  compress ion  p r o c e s s .  

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  and e s p e c i a l l y  m o d i f i e d  s t a r c h  a r e  

r a t h e r  much e l a s t i c a l l y  de form- ing  m a t e r i a l s  o t h e r w i s e  t h a n  d i -  

c a l c i u m  phosphate  and sod ium c h l o r i d e ,  w h i c h  de forms e l a s t i c a l l y  

) n l y  a l i t t l e .  

Tab1 e t i  ng  

The t a b l e t  w e i g h t  used wa:) t h e  amount o f  powder t h < i t  wou ld  

c r e ? t c  t s b l c t  w i t h  L ~ Y I ~  ptirqc,i+\v, h e i g h t  o f  2.00 m:” ,,*:d d i a m e t e r  
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1906 PARONEN 

of 12  mm. Tablets were compressed using an  instrumented Hanseaten 

Exakta s ingle  punch machine. The upper and  lower punches of the 

press are  equipped with s t r a i n  gauge load washers a n d  the upper 

punch with the inductive displacement transducer mechanically 

connected a l so  t o  the lower punch. The samples were compressed 

a t  a speed of 35 tablets/min. 

Tableting parameter 

Two methods were used t o  f ind the tablet ing parameters. 

F i r s t l y ,  the applied pressure and the packing f rac t ion  of a powder 

column were determined a t  about 220 points during the compression 

phase. The data from ten t a b l e t s  compressed a t  the maximum press- 

ure of 170 MPa were used for  conclusions by t h i s  tablet- in-die-  

method. Secondly packing fract ions were determined by measuring 

the dimensions of the t a b l e t s  with a micrometer screw about 24 h 

a f t e r  the eject ion of the t a b l e t .  The data from t a b l e t s  com- 

pressed using 22 d i f fe ren t  maximum upper punch pressures were used 

for  conclusions by t h i s  ejected t a b l e t  method. 

The lowest f i r s t  derivative values of the Heckel function 

determined separately from the 

plot  were used as slope values t o  decribe the densif icat ion and 

recovery stages for  compression, respectively.  This kind of 

calculation method was chosen because the Heckel plots  obtained 

were more o r  l e s s  unlinear. Thus the l e a s t  square method usually 

u t i l i z e d  was noticed t o  be unsatisfactory method t o  obtain accu- 

ra te  slope values. 

upward and  downward par ts  of the 
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b o t h  t he  p 

cal  of t he  

method ( K d  

ing t o  t h i s  parameter i s  t he  same a s  the  above ment 

ca t ion  o rde r .  T h e  tendenxy of the m a t e r i a l s  t o  the  

deformation i s  shown by the  r ec ip roca l  of t he  Hecke 

obta ined  using the  e j e c t e d  t a b l e t  method ( K  va lues  
P 

1907 HECKEL PLOTS A S  I N D I C A T O R S  OF E # L A S T I C  P R O P E R T I E S  

_ _ ~ -  RESULTS AND DISCUSSION- 

The s t age  of d e n s i f i c a t i o n  obta ined  during the  compression 

process  by the  compressional pressure  of about 170 MPa decreaces  

a t  t he  o r d e r ;  modified s t a r c 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 ,  sodium 

ch lo r ide  and dicalcium phosphate d ihydra te  ( s e e  Fig.  1 ) .  The 

tendency of t he  m a t e r i a l s  t o  the  t o t a l  deformation conta-ining 

a s t i c  and e l a s t i c  deformation i s  shown by the  r ec ip ro -  

Heckel p l o t  s lope  obta ined  using t h e  t a b l e t - i n - d i e  

values  in  Table 1 ) .  The o rde r  of t h e  m a t e r i a l s  accord-  

oned d e n s i f i -  

p l a s t i c  

p l o t  s lope  

-in Table 1 ) .  

The o rde r  of t he  m a t e r i a l s  according t o  t h i s  permanent 

d e n s i f i c a t i o n  tendency i s  t he  fo l lowing:  sodium c h l o r i d e ,  micro- 

c r y s t a l l i n e  c e l l u l o s e ,  modified s t a r c h  and dicalcium phosphate 

d ihydra t e .  The d i f f e r e n c e  between the o rde r s  of t he  m a t e r i a l s  

ob ta ined  by these  two methods i n d i c a t e s  g r e a t  d i f f e r e n c e s  i n  the  

tendencies  t o  e l a s t i c  recovery.  

Paronen and J u s l i n  114) have shown t h a t  i t  i s  possib.le t o  use 

the  r ec ip roca l  of t he  d i f f e r e n c e  o f  t he  Heckel upward p l o t  s lopes  

obta ined  from the above mentioned two methods a s  a parameter t h a t  

desc r ibes  the  tendency of a mater ia l  t o  deform e l a s t i c a l l y  ( K e t  

va lues  in  Table 1 ) .  These va lues  desc r ibe  the  t o t a l  e l a s t i c  

deformation of t he  mater- ia ls  thus  conta in ing  both the  f a s t  recov- 

e r y  during the  compression process  and slow recovery a f t e r  t he  
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4 AVICEL PH 101 

PARONEN 

3 

L 

6 0  1 2 0  180 

P R E S S U R E ,  M P a  

PARMCOMPRESS 4i 

I I I 

6 0  1 2 0  180 

P R E S S U R E ,  M P a  

F I G U R E  1 

The Heckel p lo ts  obtained using tab le t - in-d ie  method ( s o l i d  l i n e s )  
a n d  e jec ted  t a b l e t s  method (broken l i n e s ) .  
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HECKEL PLOTS AS 1NDI:CATORS OF ELASTIC PROPERTIES 

4 1 SODIUM CHLORIDE 

6 0  1 2 0  1808 

P R E S S U R E ,  M P a  

1909 

F I G U R E  1 C o n t i n u e d .  
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1910 PARONEN 

TABLE 1 

The r e c i p r o c a l  o f  t h e  s l o p e  v a l u e s  o b t a i n e d  f r o m  t h e  Hecke l  

p l o t s  u s i n g  d i f f e r e n t  methods 

Ta b l  e t  - i n - d i  e E j e c t e d  t a b -  Comb ina t ion  
met hod l e t s  method method 

Ke t K 
M a t e r i a l  Kd Ke f P 

A v i c e l  PH 101 1 0 4 ( 3 . 1  % )  7 9 9 ( 5 . 3  %) 163 287 

Sodium c h l o r i d e  1 2 5 ( 4 . 4  % )  16197(16.2%) 129 4031 
Pa rmcompre s s 2 5 2 ( 2 . 1  %) 6930(6.2 %) 272 3377 

S t a r c h  1500 7 8 ( 3 . 9  %) 237 ( 8 . 2 % )  216 122 

Kd = 

Kef= 
K = y i e l d  p r e s s u r e  o f  p l a s t i c  d e f o r m a t i o n  

P 
K ~ ~ =  

y i e l d  p r e s s u r e  o f  t o t a l  d e f o r m a t i o n  

y i e l d  p r e s s u r e  o f  f a s t  e l a s t i c  d e f o r m a t i o n  

y i e l d  p r e s s u r e  o f  t o t a l  e l a s t i c  d e f o r m a t i o n  

compress ion  p rocess  i n  t h e  d e and a l s o  a f t e r  t h e  e j e c t i o n  o f  t h e  

t a b l e t  f r o m  t h e  d i e .  Acco rd  ng t o  t h i s  pa ramete r  d i c a l c i u m  phos- 

pha te  d i h y d r a t e  and e s p e c i a l l y  sod ium c h l o r i d e  a r e  c l e a r l y  l e s s  

p rone  t o  t h i s  t o t a l  e l a s t i c  r e c o v e r y  t h a 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  and m o d i f i e d  s t a r c h  a r e .  

Duberg and Nys t rom ( 3 )  have supposed t h a t  t h e  downward p a r t  

o f  t h e  Hecke l  p l o t s  wou ld  be p o s s i b l e  t o  use f o r  d e s c r i b i n g  t h e  

f a s t  e l a s t i c i t y  o f  t h e  m a t e r i a l s  d u r i n g  t h e  compress ion  p rocess .  

I n  t h i s  s t u d y  t h e  r e c i p r o c a l  o f  t h e  s l o p e s  o b t a i n e d  f r o m  t h e  

downward p a r t  o f  t h e  Hecke l  p l o t s  were c a l c u l a t e d  (Kef v a l u e s  i n  

Tab le  1 ) .  The d e v i a t i o n  o f  t h e s e  v a l u e s  between d i f f e r e n t  measure- 

ments i s  some l a r g e r  t h a n  t h e  d e v i a t i o n  o f  o t h e r  pa ramete r  v a l u e s  
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HECKEL PLOTS AS INDICATORS OF ELASTIC PROPERTIES 1 9 1 1  

used in  t h i s  s tudy .  The numerical va lues  of t h i s  parameter d i f -  

f e r e n t i a t e  from each ot.hei- so c l e a r l y  t h a t  i t  i s  :,ti11 poss ib l e  

t o  make r e l i a b l e  conclus ions  using t h i s  parameter.  Modified 

s t a r c h  seems t o  be e s p e c i a l l y  prone t o  rap id  e l a s t i c  recovery 

during the  compression process .  The e l a s t i c i t y  of sodiium chlo-  

r i d e  seems t o  be only t r i v i a l  a t  t h i s  compression phase. 

CONC L US I 0 N S 

According to  the  r e s u l t s  of t h i s  s tudy i t  i s  well poss ib l e  t o  

make r e l i a b l e  conclusiolns from the  e l a s t i c  p r o p e r t i e s  of t he  

pharmaceutical  m a t e r i a l s  using the  Heckel treatment. .  Fllore i n f o r -  

mation i s  gained using d i f f e r e n t  methods a t  t he  s m e  st.iudy f o r  

ob ta in ing  da ta  t o  the  Heckel t rea tment .  The numerical parameter 

value desc r ib ing  the  t o t a l  e l a s t i c  recovery i s  poss ib l e  t o  be 

c a l c u l a t e d  using the  da ta  obta ined  from the ejected1 t a b l e t s  methoc 

and from the  t a b l e t - i n - d i e  method. The downward lpart of t he  

Heckel p l o t  i s  espec ia  l y  useful  f o r  desc r ib ing  tlrle f a s t  e l a s t  

c i t y  during the  t a b l e t  ng  process .  
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