
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 1 1 ( 4 ) ,  917-930 (1985) 

THE GRANULATION OF A TABLET FORMULATION I N  A 

HIGH-SPEED M I X E R ,  DIOSNA P 25 

N - 0  Lindberg*,  C Jonsson  and B Holmquist** 

Research and Development L a b o r a t o r i e s ,  AB Draco***, 

Box 3 4 ,  S-221 00 Lund, Sweden 

* Correspondence 
* *  Department of  Mathematical  S t a t i s t i c s ,  Univer- 

s i t y  of Lund, Box 118,  S-221  0 0  Lund, Sweden 

* * *  S u b s i d i a r y  t o  AB A s t r a ,  Sweden 

ABSTRACT 

The i m p e l l e r  speed ,  t h e  loss -on-dry ing  of s t a r c h ,  

and t h e  added amount of wa te r  s i g n i f i c a n t l y  i n f l u e n -  

ced t h e s e  r e sponse  v a r i a b l e s :  g r a n u l e  f r a c t i o n s  of less 
t h a n  0 .150  mm and more t h a n  2.00 mm; and g r a n u l e  m e -  
d i a n  d i ame te r .  The i n f l u e n c e  of  t h e  d rug  c o n c e n t r a t i o n  

on t h e  r e sponse  v a r i a b l e s  w a s  less impor t an t .  A l l  t h e  
r e sponse  v a r i a b l e s  showed s i g n i f i c a n t  i n t e r a c t i o n s .  

A t  a f i x e d  i m p e l l e r  speed ,  t h e  f i n e  f r a c t i o n  w a s  
reduced when t h e  loss -on-dry ing  of s t a r c h  i n c r e a s e d ,  

and when water w a s  added i n  i n c r e a s i n g  amounts. The 
c o a r s e  f r a c t i o n  and g r a n u l e  median d i ame te r  i n c r e a s e d  
a long  wi th  an i n c r e a s i n g  moi s tu re  c o n t e n t  i n  t h e  

s t a r c h .  I n c r e a s i n g  amounts of added wa te r  had t h e  same 

e f f e c t  . 
The r e sponse  s u r f a c e  c o n t o u r s  o f  a f r a c t i o n  less 

than  0 .150  mm, and a f r a c t i o n  exceeding  2 . 0 0  mm, w e r e  
p l o t t e d .  So was t h e  g r a n u l e  median d i a m e t e r .  S u i t a b l e  
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918 LINDBERG, JONSSON, AND HOLMQUIST 

l e v e l s  f o r  t h e  p r o c e s s i n g  v a r i a b l e s  invo lved  i n  o b t a i -  

n ing  a g r a n u l a t i o n  of  t h e  d e s i r e d  p r o p o r t i o n s  - f i n e  
or  c o a r s e  f ra iz t ion  - can be  r e a d  from t h e  con tour  

p l o t s  I 
Heat was g e n e r a t e d  i n  t h e  mixer d u r i n g  kneading,  

which caused some e v a p o r a t i o n  of  water. 
The change i n  t h e  r o t a t i o n  r a t e  of t h e  i m p e l l e r  

d u r i n g  t h e  a d d i t i o n  of  t h e  g r a n u l a t i n g  l i q u i d  can  be 

used as an i n d i c a t i o n  of t h e  f r a c t i o n  p e r c e n t a g e s  be- 

low 0.150 mm and above 2 .00  mm, b u t  n o t  of  t h e  median 
d i ame te r  

INTRODUCTION 

Fac tor ia l  expe r imen t s  have been performed d u r i n g  

s t u d i e s  of  t h e  g r a n u l a t i o n  p r o c e s s  i n  high-speed 

mixers  . 1-3 

I n  an ea r l i e r  f a c t o r i a l  exper iment ,  t h e  i n f l u e n c e  

of s i x  v a r i a b l e s  on t h e  f o l l o w i n g  f a c t o r s  was i n v e s t i -  

ga t ed :  f r a c t i o n s  below 0 .150  mm or  above 2 . 0 0  mm; t h e  
g r a n u l e  median d i ame te r ;  t h e  change i n  t h e  r o t a t i o n  
r a t e  of t h e  i m p e l l e r  s h a f t ;  and t h e  h e a t  g e n e r a t i o n  i n  
t h e  mass, The a i m  of t h a t  s t u d y  w a s  t o  o b t a i n  a p l acebo  

fo rmula t ion  as  a p r e p a r a t i o n  for  t h e  f o r m u l a t i o n  wi th  

t h e  drug  . The s i x  v a r i a b l e s  w e r e  t h e  main- impel ler  and 
chopper speeds ;  t h e  method of  f l u i d  a d d i t i o n ;  t h e  way 

of adding  t h e  b i n d e r ;  t h e  volume of  g r a n u l a t i n g  l i q u i d  

added; and t h e  w e t  massing t i m e .  The dominat ing  v a r i a b -  

les w e r e  t h e  volume o f  g r a n u l a t i n g  l i q u i d  and t h e  i m -  
p e l l e r  r a t e ,  The humidi ty  of  t h e  s t a r c h  h a s  p r e v i o u s l y  
been r e p o r t e d  t o  a f f e c t  t h e  g r a n u l a t i o n  p rocess3 .  T h i s  

c i r cums tance ,  t o g e t h e r  w i t h  t h e  t w o  f a c t o r s  mentioned 

above and t h e  d rug  c o n c e n t r a t i o n  i n  t h e  powder mix tu re ,  
formed t h e  set of v a r i a b l e s  i n  t h e  exper iment  p r e s e n t e d  

h e r e ,  t h e  exper iment  i n  which t h e  dependence on t h e  

f r a c t i o n  dimension - less t h a n  0 .150  mm and l a r g e r  t h a n  

3 
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GRANULATION OF A TABLET FORMULATION 919 

2.00 mm - and on t h e  g r a n u l e  median d i ame te r  w a s  s t u -  
d i ed .  

MATERIALS AND METHODS 

Materials 
A f r e e l y  s o l u b l e  d rug ,  s o l u b i l i t y  i n  water 260g / l ,  

l a c t o s e  1 0 0  mesh4 , corn  s t a r c h 5  and povidone6 accord ing  

t o  Table  1. 
Where s t a r c h  wi th  a normal humidi ty  w a s  concerned 

t h e  loss -on-dry ing  (LOD) w a s  9.5 - 10.9 %. When s t a r c h  

w i t h  a low humidi ty  l e v e l  w a s  u sed ,  t h e  mater ia l  w a s  
d r i e d  a t  60° C t o  a LOD of  4.3 - 5.0 %. S t a r c h  w i t h  a 

h i g h  humidi ty  l e v e l  - close t o  t h e  l i m i t  of  Ph Eur” - 
w a s  o b t a i n e d  by mixing wi th  w a t e r  i n  a p l a n e t a r y  mixer 
t o  a LOD of 14.3 - 15.3 %. 

The LOD of s t a r c h  w a s  measured a c c o r d i n g  t o  Ph 
10  Eur . 

Granu la t ion  
A 3.23 f a c t o r i a l  exper iment  w a s  performed;  see 

With r e g a r d  t o  f a c t o r  x t h e  l e v e l s  w e r e  selec- 3’ 

Table  2 .  A l l  t h e  exper iments  were r e p l i c a t e d  once.  

t e d  so t h a t  g r a n u l a t i o n s  f i t  f o r  u s e  w e r e  o b t a i n e d .  

The powder m i x t u r e s  a c c o r d i n g  t o  Table  3 w e r e  
11 g r a n u l a t e d  wi th  w a t e r  i n  a r e c o r d i n g  Diosna P 25 . 

The amount o f  water w a s  added d u r i n g  4 mins,  b u t  t h e  
w e t  massing w a s  con t inued  f o r  a n o t h e r  2 mins.  T h i s  

meant t h a t  water was added a t  a f low ra te  of 212.5 
ml/min on t h e  l o w  l eve l  and a t  2 6 2 . 5  m l / m i n  on t h e  
h igh  l e v e l .  

The i m p e l l e r  speed was v a r i e d  a t  t w o  l eve ls ,  bu t  

t h e  chopper speed w a s  f i x e d  a t  4200 rpm; t h e  method of 
f l u i d  a d d i t i o n  w a s  non-atomized th roughou t ;  and b i n d e r  
w a s  added i n  d r y  form. 

Samples of  approximate ly  0 .1  kg were withdrawn by 

means of  a scoop from t h e  q r a n u l e  stream i n  t h e  v i c i -  

n i t y  of  t h e  chopper .  The samples ,  t aken  a f t e r  t h e  ad- 
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920 LINDBERG, JONSSON, AM> HOLMQUIST 

TABLE 1 
Powder c h a r a c t e r i s t i c s  

C h a r a c t e r i s t i c s  Drug Lactose S t a r c h  Povidone 

Geometric mean d i a -  
meter by weight ,  wn 9 0  1 0 3  - 88 

Geometric s t a n d a r d  
d e v i a t i o n  2.5 1 . 4  - 1.7 

Volume-surface mean 
d iame te r7 ,  um - - 1 2 . 7  - 

8 Apparent d e n s i t y  , 
kg/m3 620  7 4 0  530 430  

Tap d e n s i t y  , 
kg/m3 760 850 680 510 

9 

TABLE 2 
F a c t o r s  and f a c t o r  l e v e l s  

F a c t o r  l e v e l s  
~~ ~ ~- 

F a c t o r  0 1 2 

x Rota t ion  ra te  of main 
1 - impeller s h a f t ,  rpm 1500  3000  

x 2  Loss-on-drying of c o r n  
s t a r c h ,  % 5 10 15 

x Added amount o f  water,  kg 0.85 1.05 - 
3 

x4 Drug c o n c e n t r a t i o n ,  mg 

drug  p e r  g powder mix- 
t u r e  91 182 - 
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GRANULATION OF A TABLET FORMULATION 921 

TABLE 3 

Granu le  c o m p o s i t i o n s  

k9  

Component Drug leve l :  Low High 

Drug 

Lactose 
Corn s t a r c h  
Pov i d o  n e 

0.750 1 .500 

4.690 3.940 

2.560 2.560 

0 .250  0 .250  

d i t i o n  o f  t h e  water and a f t e r  t h e  subsequen t  knead ing ,  

were immedia te ly  d r i e d  i n  a h o t - a i r  oven a t  5 0  C .  

S i e v e  a n a l y s e s  o f  t h e  d r i e d  samples  were per formed 

th rough  s i eves  measur ing  2.00, 1.50, 1 . 0 0 ,  0.750,  

0.500, 0.300 and 0.150 mrnl2. The d u r a t i o n  of  t h e  s i e v -  
i n g  p r o c e s s  w a s  2 mins.  

0 

The change i n  t h e  r o t a t i o n  r a t e  of t h e  main i m -  
p e l l e r  s h a f t  w a s  r e c o r d e d  d u r i n g  t h e  g r a n u l a t i o n .  

The m o i s t u r e  c o n t e n t  of t h e  massed g r a n u l a t i o n  

w a s  immedia te ly  measured a f t e r  t h e  kneading .  About 

1 . 0 0  g o f  w e t  mass w a s  d r i e d  f o r  1 8  h a t  105O C .  

RESULTS AND DISCUSSION 
The e x p e r i m e n t a l  d e s i g n  employed h e r e  made it pos- 

s i b l e  t o  t e s t  t h e  e x i s t e n c e  of a l l  main e f f e c t s  and  

i n t e r a c t i o n s .  

The r e s p o n s e s  from t h e  4 8  e x p e r i m e n t s  w e r e  measu- 
r e d  and  t a b u l a t e d .  An a c c o u n t  of  t h e  e x t e n s i v e  d a t a  

volume i s  h a r d l y  n e c e s s a r y  h e r e ,  a s  m o s t  o f  it b e a r s  

l i t t l e  r e l e v a n c e  t o  t h e  p r e s e n t  d i s c u s s i o n .  

The impact  of  t h e  f o r m u l a t i o n  and p r o c e s s  v a r i a b -  
l e s  on t h e  f o l l o w i n g  r e s p o n s e  v a r i a b l e s  w a s  s t u d i e d :  
t h e  change of r o t a t i o n  on  t h e  p a r t  o f  t h e  i m p e l l e r  

s h a f t  d u r i n g  t h e  l i q u i d  a d d i t i o n  ( y , ) ,  t h e  w e t  mass ing  
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922 LINDBERG, JONSSON, AND HOLMQUIST 

( y 2 ) ,  and t h e  l i q u i d  a d d i t i o n  
g r a n u l e  f r a c t i o n  o f  l ess  t h a n  

t h e  l i q u i d  a d d i t i o n  (y,) , and 

and w e t  massing ( y 3 ) ;  t h e  
0 .150  mm - f i n e s  - a f t e r  
a f t e r  l i q u i d  a d d i t i o n  

and w e t  massing ( y 5 ) ;  t h e  g r a n u l e  f r a c t i o n  exceeding  
2 . 0 0  mm - lumps - a f t e r  t h e  l i q u i d  a d d i t i o n  ( y 6 ) ,  and 

a f t e r  l i q u i d  a d d i t i o n  and w e t  massing ( y 7 ) ;  t h e  g r a n u l e  
median d i ame te r  - d50% - a f t e r  t h e  l i q u i d  a d d i t i o n  

( y 8 ) ,  and a f t e r  l i q u i d  a d d i t i o n  and w e t  massing ( y  ) ;  9 
and t h e  d i f f e r e n c e  between measured and t h e o r e t i c a l  

mo i s tu re  c o n t e n t  a f t e r  w e t  massing ( y l 0 ) .  
The r e s u l t s  o b t a i n e d  when t h e  expe r imen t s  were 

s u b j e c t e d  t o  an a n a l y s i s  of v a r i a n c e  are summarized i n  

Table  4. 
For  t h e  r e sponse  v a r i a b l e s  y1 and y3 - y 9 ,  t h e  

s i g n i f i c a n t  main e f f e c t s  were x x2 and x3. A l m o s t  

t h roughou t ,  f a c t o r  x had no s i g n i f i c a n t  i n f l u e n c e .  
Although f a c t o r  x 4  w a s  s i g n i f i c a n t  a t  P < 0 .05  f o r  y 
y6 and y7 ,  t h i s  i n f l u e n c e  of  drug  c o n c e n t r a t i o n  w a s  
judged as unimpor tan t .  

1 '  

4 
4' 

With r e g a r d  t o  a l l  t h e  r e sponse  v a r i a b l e s  y ,  - y 9 ,  
t h e r e  were s i g n i f i c a n t  i n t e r a c t i o n s  which i n d i c a t e  t h a t  

t h e  i n f l u e n c e  on t h e  r e sponse  v a r i a b l e s  of  t h e  s t u d i e d  

p r o c e s s i n g  v a r i a b l e s  is complex and canno t  b e  s t u d i e d  
by v a r y i n g  one p r o c e s s i n g  v a r i a b l e  a t  a t i m e .  

t h e  i m p e l l e r  s h a f t  d u r i n g  w e t  massing ( y  ) w a s  i n f l u -  

enced by t h e  r o t a t i o n  ra te  of t h e  i m p e l l e r  s h a f t  (x,), 
and t h i s  dependence i s  n o t  a f f e c t e d  by t h e  o t h e r  pro- 
c e s s i n g  v a r i a b l e s .  The LOD of s t a r c h  and t h e  amount of 
water added a l so  a f f e c t e d  t h e  change i n  t h e  i m p e l l e r -  

s h a f t  r o t a t i o n  ra te ,  b u t  t h e y  d i d  so i n  an i n t e r a c t i v e  

manner. 

P r e d i c t a b l y ,  t h e  change i n  t h e  r o t a t i o n  ra te  of  

2 

The measured m o i s t u r e  c o n t e n t  of  t h e  g r a n u l a t i o n  

w a s  lower t h a n  t h e  t h e o r e t i c a l ,  i n d i c a t i n g  e v a p o r a t i o n  
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GRANULATION OF A TABLET FORMULATION 923 

TABLE 4 
A n a l y s i s  of  v a r i a n c e  

p i s  * *  * * * *  *** * * *  * * *  ***  ***  * 
x2x3 
x x  N S  N S  N S  N S  NS N S  N S  N S  NS N S  2 4  

N S  N S  N S  N S  N S  N S  N S  N S  NS NS x3x4 

N S  Not s i g n i f i c a n t  
* P < 0.05 

* *  P < 0.01 

* **  P < O " O O 1  

of  water d u r i n g  t h e  p r o c e s s  due t o  t h e  g e n e r a t i o n  of  

h e a t  i n  t h e  mixer .  
The d i f f e r e n c e  between measured and t h e o r e t i c a l  

g r a n u l e  moi s tu re  c o n t e n t  (yl,.,) w a s  s i g n i f i c a n t l y  in -  

f l uenced  by t h e  i m p e l l e r  speed (x,) and by t h e  LOD of 
s t a r c h  (x , ) .  The e v a p o r a t i o n  w a s  smaller a t  a l o w  i m -  
p e l l e r - s p e e d  l e v e l ,  which agrees w i t h  a r e c e n t  r e p o r t  . 2 

I n  o r d e r  t o  model t h e  e f f e c t s  of  t h e  f a c t o r s  on 

t h e  r e sponse  v a r i a b l e s ,  a second-order ,  m u l t i p l e  li- 
n e a r  r e g r e s s i o n  model w a s  f i t t e d  t o  t h e  d a t a p o i n t s .  

The f o l l o w i n g  complete  model w a s  v a l i d  f o r  t h i s  
exper iment  d e s i g n .  
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GRANULATION OF A TABLET FORMULATION 925 

LOD OF STARCH.% 

AMOUNT OF WATER ADDED,mg/g 

F I G U R E  1 

The f r a c t i o n  below 0.150 mm, exp res sed  as a per -  

c e n t a g e , v e r s u s  LOD of s t a r c h  (y -ax i s )  and added amount 
of water (x-axis) a t  impeller s h a f t  speed of  1500 rpm 
- - - and 3000 rpm - j u s t  a f t e r  t h e  a d d i t i o n  

of t h e  l i q u i d .  The added amount of water i s  expres sed  
as mg water p e r  g powder mix tu re .  

o b t a i n e d  i n  t h e  shaded area f o r  3000 rpm and i n  t h e  

c ross -ha tched  area f o r  1500 rpm i m p e l l e r - s h a f t  speed .  

G r a n u l a t i o n s  w i t h  less t h a n  1 0  % of  t h e  f i n e s  a r e  

Yk = b l x l  + b2X2 + b3x3 + b4x4 + b5xZ2 + b6x1x2 + 

+ b7X1X3 + bBX1~4 + b g ~ 2 ~ 3  + b l O x 2 ~ 4  + bllX3x4 + 

+ bo + e,  k = 1 ,  ..O, 10 

where bi are t h e  r e g r e s s i o n  c o e f f i c i e n t s  and e 

Those i n s i g n i f i c a n t  f a c t o r s  and i n t e r a c t i o n s  on 

i s  t h e  random error. 

t h e  p a r t  of t h e  d i f f e r e n t  r e sponse  v a r i a b l e s  t h a t  a r e  
c o n t a i n e d  i n  Table  4 were deducted  from t h e  model. 
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926 

LOD OF STARCH,% 

LINDBERG, JONSSON, AND HOLMQUIST 

F I G U R E  2 

F r a c t i o n  of less t h a n  0.150 mm, p e r c e n t a g e , v e r s u s  

LOD of s t a r c h  ( y - a x i s )  and i m p e l l e r - s h a f t  speed (x- 

a x i s )  a t  t h e  h igh  water l e v e l  a f t e r  l i q u i d  a d d i t i o n  
and massing. 

The r e g r e s s i o n  c o e f f i c i e n t  v a l u e s  f o r  t h e  f i n a l  

models are s u p p l i e d  i n  Table  5.  
The model w a s  used i n  o r d e r  t o  d e p i c t  t h e  r e sponse  

s u r f a c e  c o n t o u r s .  

By means of f i x i n g  one of  t h e  t h r e e  s i g n i f i c a n t  
main f a c t o r s ,  t h e  c a l c u l a t e d  p l o t s  of  one of  t h e  re- 
sponse v a r i a b l e s  as  a f u n c t i o n  of  t h e  second and t h e  
t h i r d  s i g n i f i c a n t  main f a c t o r s  were o b t a i n e d .  These 

response  s u r f a c e  con tour  p l o t s  are g iven  i n  F i g s  I - 4 .  

A t  a f i x e d  i m p e l l e r  speed ( x , ) ,  t h e  f i n e s  dec rea -  
s ed  a long  wi th  i n c r e a s i n g  s t a r c h  LOD (x ) and an added 

amount o f  water ( x 3 ) ;  see F i g  1 .  When t h e  amount o f  

water added w a s  f i x e d  ( x 3 ) ,  t h e  f i n e s  dec reased  w i t h  

an i n c r e a s i n g  LOD on t h e  p a r t  of  t h e  s t a r c h  (x,) and 

2 
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GRANULATION OF A TABLET FORMULATION 92 7 

LOD OF STARCH,% 

12 .80 - -  

7 . 3 0 - -  

105.3 107.7 l I 0 . I  112.5 1 1 5 . 0  117.4 119.8 122.2 124.6 127 .1  

AMOUNT O F  WRTER RDDED,rng/g 

FIGURE 3 
F r a c t i o n  l a r g e r  t h a n  2 . 0 0  mm, a s  a pe rcen tage ,  

v e r s u s  LOD of s t a r c h  ( y - a x i s )  and added amount of  wa- 

t e r  ( x - a x i s )  a t  h igh  i m p e l l e r  speed and l o w  l e v e l  of 
drug c o n c e n t r a t i o n  a f t e r  l i q u i d  a d d i t i o n  and massing. 

an augmented i m p e l l e r  speed ( x  ) ; see F i g  2 .  A t  a f i x e d  
i m p e l l e r  speed ( x , )  , t h e  lumps i n c r e a s e d  a l o n g  w i t h  an  
i n c r e a s i n g  s t a r c h  moi s tu re  (x,) and an added amount of 
water (x,) ; see F i g  3 .  However, i n  c a s e s  i n v o l v i n g  
s t a r c h  wi th  a low LOD, approximate ly  less t h a n  7 %, and 

l o w  amounts of water,  approximate ly  less  t h a n  1 1 6  mg/g, 

t h e  lumps dec reased  w i t h  an i n c r e a s i n g  s t a r c h  moi s tu re .  
When t h e  g r a n u l e  median d i ame te r  was c a l c u l a t e d  a s  a 
f u n c t i o n  of t h e  s t a r c h  LOD ( x  ) and t h e  amount of wa-  
ter  added (x,)  a t  a f i x e d  main i m p e l l e r  speed ( x , ) ,  it 

2 
w a s  obvious  t h a t  d50% i n c r e a s e d  a t  h i g h e r  l e v e l s  of x 

and x3;  see F ig  4 .  Where t h e  median d i ame te r  w a s  con- 

ce rned ,  a l o w  s t a r c h  moi s tu re  a lso e n t a i l e d  a d e c r e a s e .  
These r e s u l t s  stress t h e  u n s u i t a b i l i t y  of u s i n g  a f i x e d  

1 
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928 LINDBERG, JONSSON, AND HOLMQLJIST 

LOD O F  STRRCH,% 

10.60--  

I I I 4 I I 1 I 1 1 

I 1 0 5 . 3  107.7 110.1 1 1 2 . 5  1 1 5 . 0  1 1 7 . 4  119.6 122.2 1 2 4 . 6  1 2 7 . 1  
I I I I 1 I I 

RMOUNT OF WRTER RDDED,mg/g 

Granule  median d i a m e t e r ,  i n  mm, v e r s u s  LOD of  

s t a r c h  ( y - a x i s )  and added amount of water ( x - a x i s )  a t  
h igh  i m p e l l e r  speed a f t e r  l i q u i d  a d d i t i o n  and w e t  
massing . 

amount of g r a n u l a t i n g  l i q u i d  when a powder mix tu re  con- 

t a i n i n g  a l a r g e  p r o p o r t i o n  of s t a r c h  i s  g r a n u l a t e d .  

When t h e  i m p e l l e r  speed i s  a t  t h e  h igh  l e v e l ,  t h e  
outcome i s  less f i n e s ;  see F i g  1 .  The amount of f i n e s  
i s  a s u i t a b l e  i n d i c a t o r  of g r a n u l e  growth. When t h e  
d r i e d  g r a n u l a t i o n  i s  comminuted, more f i n e s  w i l l  be ge- 

n e r a t e d .  I t  i s  impor t an t  t o  l i m i t  t h e  f r a c t i o n  below 

0.150 mm, as it w i l l  i n f l u e n c e  t h e  f low p r o p e r t i e s  of 
t h e  g r a n u l a t i o n .  N o t  more t h a n  10 '2, of f i n e s  h a s  ap- 

peared  t o  be  a s u i t a b l e  l i m i t  i n  t h e  d r i e d  b u t  uncom- 

minuted g r a n u l a t i o n .  These r equ i r emen t s  are f u l f i l l e d  

i n  t h e  shaded area of F i g  1 f o r  t h e  h i g h  i m p e l l e r  speed 
and i n  t h e  c ros s -ha tched  area f o r  t h e  l o w  i m p e l l e r  

speed.  
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GRANULATION OF A TABLET FORMULATION 929 

I n  a d d i t i o n ,  t h e  r e sponse  v a r i a b l e  y1 w a s  i n c l u d e d  

8 '  as  a c o - v a r i a t e  i n  t h e  f i n a l  models f o r  y 4 ,  y6 and y 
I n  t h e  same way, y 3  w a s  i nc luded  as a c o - v a r i a t e  of  

t h e  f i n a l  model f o r  y5,  y7  and y9 .  

( P  < 0.05) ,  y1 and y6 ( P  < 0 .01 )  but. no t  between y1 and 
y8. Th i s  means t h a t  t h e  change i n  t h e  r o t a t i o n  r a t e  of 
t h e  main i m p e l l e r  s h a f t  - and of t h e  i m p e l l e r  too - 
d u r i n g  t h e  a d d i t i o n  of  t h e  l i q u i d  can b e  used  as  an  in -  

d i c a t i o n  of t h e  p e r c e n t a g e s  of f i n e s  and lumps b u t  n o t  
of d50%, Recent ly  t h e  change i n  t h e  r o t a t i o n  ra te  of 

t h e  main i m p e l l e r  s h a f t  w a s  made t o  i n d i c a t e  t h e  end- 

p o i n t  d u r i n g  t h e  a d d i t i o n  of t h e  g r a n u l a t i n g  so lu -  

t i o n  . 

There w a s  a r e l a t i o n s h i p  between y1 and y4  

1 3  

CONCLUSIONS 

The r e sponse  v a r i a b l e s ,  t h a t  i s , f r a c t i o n s  t h a t  are 

smaller t h a n  0.150 mm and l a r g e r  t h a n  2 . 0 0  mm and t h e  
g r a n u l e  median d i a m e t e r ,  w e r e  i n f l u e n c e d  by t h e  impel- 
ler  speed ,  t h e  LOD of s t a r c h ,  and t h e  added amount of 

water. The d rug  c o n c e n t r a t i o n  w a s  of less  impor tance .  

The dependence on t h e  s t u d i e d  p r o c e s s i n g  v a r i a b l e s  w a s  
found t o  be complex; t h e  e f f e c t  of  a v a r i a b l e  depends 
on t h e  l e v e l s  of t h e  o t h e r  v a r i a b l e s .  

Water evapora t ed  d u r i n g  t h e  kneading because  of 
t h e  g e n e r a t i o n  of h e a t  i n  t h e  mixer .  The e v a p o r a t i o n  
i n c r e a s e d  a t  a h i g h  i m p e l l e r  speed.  

Mathematical  models w e r e  f i t t e d ,  and t h e  r e sponse  

s u r f a c e  c o n t o u r s  were p l o t t e d .  

A t  a f i x e d  i m p e l l e r  speed ,  t h e  less-than-0.150-mm 
f r a c t i o n  dec reased .  The f r a c t i o n  exceeding  2 . 0 0  mm and 
t h e  median d i ame te r  i n c r e a s e d  a long  w i t h  an i n c r e a s i n g  

LOD on t h e  p a r t  of t h e  s t a r c h  and wi th  an added amount 
of wa te r .  

The i n f l u e n c e  on t h e  r e sponse  v a r i a b l e s  of impel- 
ler speed ,  LOD of s t a r c h ,  and amount of added water i s  

s u p p l i e d  i n  F i g s  1 - 4 .  
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9 30 LINDBERG, JONSSON, AND HOLMQUIST 

G r a n u l a t i o n s  f u l f i l l i n g  t h e  r equ i r emen t s  w i th  re- 
g a r d  t o  f i n e s  were o b t a i n e d  i n  t h e  shaded and cross- 
ha tched  area of  F i g  1 .  

The change i n  t h e  r o t a t i o n  ra te  of t h e  i m p e l l e r  

can  be used  as an  i n d i c a t i o n  of  f i n e s  and lumps d u r i n g  
t h e  a d d i t i o n  of l i q u i d .  
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