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ABSTRACT 

A non-linear isothermal model for migration of 

drugs during drying period in wet granulations is 

proposed and some of its important properties are 

introduced. 

from physical fundamentals in such a way that computer 

implementation is feasible. The model includes the 

The mathematical expression is derived 

well-known Rumpf and Washburn equations, and it can 

be used as a suitable starting point for numerical 

simulation experiments. 

INTRODUCTION 

Assessment of migration of drugs in wet granula- 

tions can be very valuable in development of a new 
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dosage form, p a r t i c u l a r l y  i n  s t u d i e s  of t h e  inf luence  of 

a l l  a d d i t i v e s  p re sen t  i n  t h e  g ranu la t ions .  With t h e  

increas ing  u s e  of computers, s imula t ion  of t h i s  problem 

can be c a r r i e d  out  t o  avoid r a t h e r  t ed ious  pre l iminary  

l abora to ry  i n v e s t i g a t i o n s .  I n  t h i s  paper a model i s  

developed t o  desc r ibe  t h e  mass t r a n s p o r t  i n  a hypo- 

t h e t i c a l  g ranu la t ions  bed, wi th  a non-l inear  d i s t r i b u t i o n  

isotherm. The model is  der ived  from phys ica l  p r i n c i p l e s  

i n  such a way t h a t  computer implementation i s  p o s s i b l e .  

ASSUMPTIONS 

A t h e o r e t i c a l  homogeneous g ranu la t ions  bed wi th  an 

i n f i n i t e  area is  considered;  t h e  th i ckness  of t h e  bed 

is  assumed t o  be independent of t h e  area. Furthermore 

a migrat ing phase and a g ranu la t ions  bed can be d i s t i n -  

guished. The temperature is  assumed t o  be i n v a r i a n t  i n  

t i m e  and p lace .  The equi l ibr ium between t h e  two phases  

i s  thermodynamically r e v e r s i b l e .  The equ i l ib r ium 

concent ra t ions  between g ranu la t ions  and migrat ing phase 

may be descr ibed  by an  express ion  X 

isotherm, where X and X are t h e  a c t i v e  ing red ien t  con- 

c e n t r a t i o n s  i n  t h e  g ranu la t ions  and t h e  migrat ing phase 

= F(Xm), d i s t r i b u t i o n  G 

G m 

r e spec t ive ly .  The f u n c t i o n a l  dependence is assumed t o  

be  i n v a r i a n t  with t i m e ,  p lace ,  and with a given formula- 

t ion. 
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NON-LINEAR ISOTHERMAL MODEL 

THE MODEL 

The model i s  formulated according t o  a mass con- 

s e r v a t i o n  l a w  of a g ranu la t ions  bed i n  a f i x e d  domain 

with t h e  d i s t i n c t i o n  of a migra t ing  phase ( i . e . ,  t h e  

g ranu la t ing  f l u i d  conta in ing  a c t i v e  i n g r e d i e n t ( s )  and 

a g ranu la t ions  bed, and a p a r t i t i o n  of active ingre- 

d i e n t ( s )  between the  migrat ing phase and g ranu la t ions .  

I n  a f i x e d  domain K with volume of A (hz-hl) , t h e  rate 

of change of t o t a l  amount of active ing red ien t  is  equal  

t o  t h e  fol lowing so-cal led d i f f e r e n t i a l  conserva t ion  

law( 1). 

1703 

Where X denotes  t h e  t o t a l  active ing red ien t  concen t r a t ion  

i n  t h e  migrat ing phase and t h e  g ranu la t ions ,  A t h e  sur -  

f a c e  of t h e  g ranu la t ions  bed, h2-hl = h th i ckness  of t h e  

bed, t t h e  t i m e ,  and R( t , h )  t he  rate of t h e  migrat ion.  

The th ickness ,  h ,  i s  assumed t o  be  independent of A .  

It  i s  f u r t h e r  assumed t h a t  t he  migra t ion  occurs  only 

i n  t h e  w e t  l a y e r  of t he  g ranu la t ion  bed wi th  f r a c t i o n  

of fh ,  which means t h a t  t he  rate w i l l  be 
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I 

F i g  1. A hypo the t i ca l  g ranu la t ions  bed. 

where X ( t , h )  denotes  the  concen t r a t ion  of active ingre-  

d i e n t ( s )  i n  migrat ing phase, f h  t h e  w e t  f r a c t i o n  of t h e  

c ros s - sec t iona l  area of t h e  g ranu la t ions  bed (Fig.  l ) ,  

D t he  d i f f u s i o n  c o e f f i c i e n t ,  and u t h e  average 

v e l o c i t y  of t h e  migra t ing  phase and can be  assumed t o  

be equal  t o  t h e  rate of pene t r a t ion  with t h e  fo l lowing  

w e l l  known Washburn equat ion  (2) :  

m 

u2 = ( r . cos  e)  x. t 2n (3)  

where r . cos  8 denotes  t h e  wet t ing  cons t an t ,  y s u r f a c e  

t ens ion  and rl v i s c o s i t y .  T i n  equat ion  2 denotes  t h e  

t e n s i l e  s t r e n g t h  with t h e  fol lowing b a s i c  equat ion,  

proposed by Rumpf ( 3 ) ,  f o r  c a l c u l a t i n g  the  t e n s i l e  

s t r e n g t h  of a bed of i d e a l  monosize spheres:  

9 1-€ T = - (7) KH 8 nd ( 4 )  
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NON-LINEAR ISOTHERMAL MODEL 

where E = poros i ty  ( i . e . ,  E = [ l  - Apparent Densi ty  
True Densi ty  

d = sphere diameter ,  K = coord ina t ion  number, and H 

mean bonding f o r c e  a t  p o i n t  of con tac t .  The va lue  of 

H is  dependent on t h e  n a t u r e  of i n t e r p a r t i c l e  e f f e c t  

and i t s  va lue  can be presented  as 

H = Ad/24g2 

where A i s  a cons tan t  about dyne cm. ,  and g i s  t h e  

d i s t ance  between t h e  sphere s u r f a c e s  and is  less than 

1000Ao ( 4 ) .  

With the  equat ion  

x = f x + (l-fh)xG ( 6 )  h m  

where X i s  t h e  concent ra t ion  of active ing red ien t  i n  

the  g ranu la t ions ,  and ( l - fh)  i s  the  dry f r a c t i o n  of t h e  

c ross -sec t iona l  area of g ranu la t ion  bed, we f i n d  

G 

S u b s t i t u t i n g  equat ion  7 i n t o  equat ion  2 g i v e s  t h e  rate 

of migra t ion  i n  terms of X ,  i .e . ,  
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(8) 

The mass t ranspor t  equation can be derived by s u b s t i t u t i n g  

equation 8 i n t o  equation 1 

Equation 10 is an appropriate mathematical model 

describing mass t ranspor t  during drying period i n  w e t  

granulations with non-linear d i s t r i b u t i o n  isotherm. 

One of the  advantages of t h i s  model i s  t h a t  it r e t a i n s  

the  divergence form, which i s  extremely usefu l  f o r  

numerical simulation. 

Using 

aV,X(t,h)/ah = fh(u)aX m /ah = [fh(u)dXm/dX(t,h)] [aX/ah] (11) 

and the  equations 6 and 10 we  ob ta in  
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NON-LINEAR ISOTHERMAL MODEL 

and EE = TD /1 + [ (l-fh/fh)dXG/dx,] 
f h  

1707 

(13) 

A similar mathematical expression can be derived i n  

terms of migrating phase concentrations. 

DISCUSSION 

With the assumed simplifications,  the methematical 

model f o r  non-linear mass transport  i n  granulations 

bed can be described i n  the most simple way by equation 

10. This equation is a l so  the most su i tab le  form, as 

s t a r t i ng  point,  fo r  numerical simulation experiments. 

For the solution of the mathematical model i n  d i f f e r e n t i a l  

o r  difference equation form, a choice can be made between 

several  solution techniques. Of course, i n  general the 

evaluation of a complete solution of the  mathematical 

problem makes simulation superfluous. Nevertheless, 

complete solut ions of p a r t s  of the mathematical problem 

can be used t o  check the simulation r e s u l t s .  The simu- 

l a t i on  can be u t i l i z e d  t o  evaluate the a b i l i t y  of tablet 

addi t ives  to  inh ib i t  the migration of active ingredient(8). 

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.



1708 BOROU JERDI 

ACKNOWLEDGEMENTS 

The author wishes to thank Mrs. Bernadette Roche 

who typed the manuscript. 

REFERENCES 

1. P.D. Lax, Regional Conference Series in Applied 

Mathematics, Vol. 11, SIAM Publications, 

Philadelphia, (1973). 

E.H. Washburn, The Dynamics of Capillary Flow. 

Phys. Rev., 17, 273 (1921). 

2. 

3. H. Rumpf, in "Agglomeration," W.A. Knepper, Ed. 

Interscience, London, England (1962). 

4 .  H.C. Hamaker, Physica., 4 ,  1027 (1937). 

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.




