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ABSTRACT 

Wet g r a n u l a t i o n ,  u s i n g  l a c t o s e  a s  a n  e x c i p i e n t ,  i s  w i d e l y  

u s e d  i n  t h e  p h a r m a c e u t i c a l  i n d u s t r y .  The u s e  o f  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 ,  a s  p a r t  of t h e  e x c i p i e n t ,  may o f f e r  

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

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

q u a l i t y .  F o r  t h e s e  s t u d i e s ,  o n l y  two-component s y s t e m s  g ranu-  

l a t e d  w i t h  w a t e r  i n  a p l a n e t a r y  m i x e r  were c o n s i d e r e d .  The 

v a r i a b l e s  s t u d i e d  i n c l u d e d  t h e  volume of g r a n u l a t i n g  s o l u t i o n ,  

t y p e  o f  l a c t o s e ,  d i s s o l v e d  m a t e r i a l  ( o t h e r  t h a n  b i n d e r )  i n  t h e  

g r a n u l a t i n g  s o l u t i o n ,  m a s s i n g  t i m e ,  mesh s i z e  f o r  w e t  s c r e e n i n g  

and d r y i n g  t e c h n i q u e  ( o v e n  and f l u i d i z e d  bed d r y i n g ) .  

* P r e s e n t  A d d r e s s :  L a b o r a t o r y  o f  P h a r m a c e u t i c a l  Techno logy  
R i j k s u n i v e r s i t e i t  Gent 
H a r e l b e k e s t r a a t  72 
B-9000 GENT (Be lg ium)  
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2 REMON AND SCHWARTZ 

INTRODUCTION 

Wet g r a n u l a t i o n  e x p e r i m e n t s  on s i m p l e  two-component systems 

u s i n g  o n l y  w a t e r  a s  t h e  g r a n u l a t i n g  a g e n t  were c a r r i e d  o u t  t o  

s t u d y  t h e  mechanism o f  t h e  a g g l o m e r a t i o n  p r o c e s s .  E f f e c t  o f  t h e  

c o m p o s i t i o n  o f  g r a n u l a t i n g  l i q u i d ,  c h a r a c t e r i s t i c s  o f  t h e  

components  and p r o c e s s  v a r i a b l e s  f o r  a l a c t o s e - b o r i c  a c i d  b i n a r y  

m i x t u r e  h a s  b e e n  s t u d i e d  b y  Opakunle  and S p r i n g  ( 1 - 3 ) .  

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

s e v e r a l  i m p o r t a n t  p r o c e s s i n g  v a r i a b l e s  a r e  d e s c r i b e d  i n  t h e  

p r e s e n t  p a p e r .  Much o f  t h e  d a t a  documen t s  what one m i g h t  p r e -  

d i c t .  The most d r a m a t i c  r e s u l t s ,  however ,  show t h a t  t h e r e  i s  a 

d i f f e r e n c e  be tween  oven  d r i e d  and f l u i d  bed d r i e d  g r a n u l e s .  I t  

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

t o  a t t e m p t  t o  e x p l a i n  t h e  g r a n u l e  c h a r a c t e r i s t i c s  when t h e  

l a c t o s e  d i s s o l v e s  t o  form i t s  own b i n d e r .  

MATERIALS AND MEXHODS 

Wet g r a n u l a t i o n s  c o n t a i n i n g  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  

( A v i c e l  PH-101, FMC C o r p . ,  P h i l a d e l p h i a ,  PA) and l a c t o s e  ( 2 5 : 7 5 )  

were p r e p a r e d  u s i n g  o n l y  p u r i f i e d  w a t e r  as a g r a n u l a t i n g  l i q u i d .  

Two d i f f e r e n t  t y p e s  o f  l a c t o s e  were i n c l u d e d  t o  s t u d y  t h e  e f f e c t  

o f  v a r i a t i o n  i n  r a w  m a t e r i a l  ( p a r t i c l e  s i z e ,  c r y s t a l  s h a p e ,  

s o l u b i l i t y ,  e t c . ) ;  i . e . ,  r e g u l a r  l a c t o s e  o r  a d i r e c t  compres-  

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

The powders  were d r y  b l e n d e d  f o r  f o u r  m i n u t e s  i n  a p l a n e -  

t a r y  m i x e r  o p e r a t i n g  a t  140 rpm ( K i t c h e n  Aid Model K 5 SS - - 
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EFFECT OF R A W  MATERIALS AND PROCESSING 3 

H o b a r t ) .  The g r a n u l a t i n g  l i q u i d  was added and g r a n u l a t i o n  p ro -  

ceeded  f o r  e i t h e r  e i g h t  o r  f i f t e e n  m i n u t e s .  The e f f e c t  of t h e  

w e t  m i l l i n g  o p e r a t i o n  on g r a n u l e  q u a l i t y  was s t u d i e d  u s i n g  

e i t h e r  8 o r  12 mesh s c r e e n s .  B a t c h e s  were oven d r i e d  ( S t o k e s  

Model 3 8 C )  a t  40 d e g r e e s  C e l s i u s  o r  f l u i d i z e d  bed d r i e d  

( A e  roma t 

4 % .  

The 

t i o n ,  f r  

c Column);  r e s i d u a l  amount o f  w a t e r  was h e l d  lower  t h a n  

g r a n u l e  p r o p e r t i e s  i n v e s t i g a t e d  i n c l u d e  s i z e  d i s t r i b u -  

a b i l i t y  and b u l k ,  and t a p p e d  volume.  G r a n u l e  

f r i a b i l i t y  was d e t e r m i n e d  by s u b j e c t i n g  10 g of g r a n u l e s  ( 2 5 0  u m  

- 590 um f r a c t i o n )  t o g e t h e r  w i t h  200 g l a s s  b e a d s  ( a v e r a g e  

d i a m e t e r  4 mm) t o  f a l l i n g  s h o c k s  f o r  10 m i n u t e s  i n  an Erweka 

F r i a b i l a t o r  f i t t e d  w i t h  a n  a b r a s i o n  w h e e l .  S i e v e  a n a l y s i s  and 

b u l k  and t a p p e d  volumes were d e t e r m i n e d  by s t a n d a r d  t e c h -  

n i q u e s .  

D i s s o l u t i o n  r a t e s  f o r  t h e  two d i f f e r e n t  t y p e s  o f  l a c t o s e  

were d e t e r m i n e d  u s i n g  a 250 g MCC-lactose b l e n d  i n  500 m l  w a t e r  

i n  a p l a n e t a r y  m i x e r  o p e r a t i n g  a t  140 rpm. The r e f r a c t i v e  i n d e x  

was u s e d  t o  m o n i t o r  t h e  amount o f  l a c t o s e  d i s s o l v e d  a s  a 

f u n c t i o n  o f  t i m e .  

RESULTS AND DISCUSSION 

Effect of  the quantity of granulation solution on granule 
proper t ies 

Vary ing  q u a n t i t i e s  o f  w a t e r  were used  t o  g r a n u l a t e  a 3 kg 

b l e n d  o f  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 d i r e c t  c o m p r e s s i o n  
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4 REMON AND SCHWARTZ 

l a c t o s e  ( 2 5 : 7 5 ) .  The w e t  g r a n u l a t i o n  s t e p  w a s  f o l l o w e d  b y  

c o a r s e  m i l l i n g  (by  h a n d )  t h r o u g h  e i t h e r  an 8 o r  12 mesh s c r ' e e n .  

I n  each  c a s e ,  o n e - h a l f  o f  t h e  b a t c h  was oven d r i e d  and one- 'half  

was d r i e d  i n  a f l u i d i z e d  b e d .  

A s  shown i n  T a b l e  I ,  a d e c r e a s e  i n  t o t a l  amount o f  g r a n u l a -  

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

When t h e  amount o f  g r a n u l a t i o n  l i q u i d  w a s  d e c r e a s e d  from 45% t o  

35% of  d r y  we igh t  o f  powder m a t e r i a l ,  t h e  f r i a b i l i t y  d o u b l e d  

i n d e p e n d e n t l y  of  t h e  d r y i n g  t e c h n i q u e  or  w e t  m i l l i n g  c o n d i t i o n s .  

T h i s  would be  e x p e c t e d  due t o  i n c o m p l e t e  g r a n u l a t i o n  a t  lower  

l i q u i d  l e v e l s ,  and t h e s e  s i m p l e  measu remen t s  may r e p r e s e n t  a 

method t o  o p t i m i z e  o n e ' s  g r a n u l a t i o n  p r o c e s s .  

Effect of Sieve Sire 

The c h o i c e  o f  w e t  s c r e e n  a p e r t u r e  a f f e c t s  p a r t i c l e  s i z e  

d i s t r i b u t i o n ,  as e x p e c t e d ;  a g r e a t e r  number o f  medium and c o a r s e  

p a r t i c l e s  a r e  p roduced  w i t h  t h e  l a r g e r  ( 8  mesh)  s c r e e n  ( T a b l e  

I). For  t h e  same t y p e  o f  g r a n u l a t i o n ,  however ,  b u l k  volume d o e s  

n o t  seem t o  b e  a f f e c t e d  by  t h e  c h o i c e  of t h e  w e t  s c r e e n  

a p e r t u r e .  By o b s e r v i n g  and m o n i t o r i n g  t h e  e x t r u s i o n  b e h a v i o r  o f  

a w e t  g r a n u l a t i o n  t h r o u g h  d i f f e r e n t  s i e v e  s i z e s ,  o n e  c a n  

e v a l u a t e  t h e  g r a n u l a t i o n  l i q u i d  l e v e l  and t h e  s t a t e  o f  l i q u i d  

d i s t r i b u t i o n  i n  h i s  g r a n u l a t i o n .  

Effect of Drying Method 

G r a n u l e  f r i a b i l i t y  was g e n e r a l l y  twice  as  

d r i e d  g r a n u l e s  a s  compared t o  f l u i d i z e d  bed d r  

h i g h  f o r  

ed g r a n u  

oven  

e s .  The 
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Table I 

Physical Properties of Granules 

Influence of Granulating Liquid Level, Coarse Hilling and Drying Hethod 

Oven drying Fluidized bed drying 

Amount of water 
expressed as % 
dry weight 

45 % 

Wet sieve size 
(mesh) 

35 % 45 % 

Particle size 
(micrometers) 

8 12 

Less than 250 
250 - 590 
Larger than 590 

8 12 

Friability (%)  

Volume (ml) 
Bulk 

Tapped 

35 % 

8 12 

14.6 14.3 
49.2 68.5 
36.2 17.2 

45 55 

63 64 

48 49 

6.7 6.9 
27.1 30.0 
66.2 63.1 

22 20 

63 61 

54 51 

28.1 24.6 
22.2 54.8 
49.7 20.6 

20 20 

52 55 

45 46 

8 12 

9.2 16.1 
26.3 34.7 
64.5 49.2 

6 10 

53 54 

49 47 
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6 REMON AND S C H W A R T Z  

oven  d r i e d  g r a n u l e s  were a l s o  l a r g e r .  T h i s  phenomenon c o u l d  b e  

e x p l a i n e d  i f  more f i n e s  were p roduced  d u r i n g  t h e  f l u i d i z a t i o n  

s t e p  i n  d r y i n g ,  so t h a t  t h e  r e m a i n i n g  g r a n u l e s  were s m a l l e r ,  b u t  

h a r d e r  and less  f r i a b l e  ( T a b l e  I ) .  F l u i d i z e d  bed d r y i n g  a l s o  

y i e l d e d  lower  b u l k  vo lumes  t h a n  oven  d r i e d  g r a n u l e s  s i n c e  t h e  

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

Influence of Raw Materials 

S i m i l a r  g r a n u l a t i o n s  were p r e p a r e d  w i t h  e i t h e r  r e g u l a r  

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

p r o p e r t i e s  f o r  g r a n u l e s  p r e p a r e d  w i t h  

g r a n u l a t i n g  s o l u t i o n  and t h e  same d r y  

T a b l e  I1 l i s t s  t h e  

i d e n t  i c a l  q u a n t i t i e s  o f  

n g  t e c h n i q u e .  Fo r  t h e  

same q u a n t i t y  of g r a n u l a t i n g  s o l u t i o n ,  t h e  m i x t u r e  w i t h  D . C .  

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

p a r t i c l e  s i z e  d i s t r i b u t i o n .  See F i g u r e s  l ( a >  and l ( b ) .  

Influence of Massing Time 

An i n c r e a s e  i n  t h e  g r a n u l a t i n g  t i m e  f rom 8 t o  15 m i n u t e s  

d r a m a t i c a l l y  r e d u c e d  t h e  f r i a b i l i t y  o f  MCC-lactose g r a n u l e s ,  

e s p e c i a l l y  i n  t h e  case o f  f l u i d i z e d  bed d r i e d  g r a n u l e s .  I t  a l s o  

a p p e a r s  t o  n a r r o w  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  ( T a b l e  111 and 

F i g u r e  2 ) .  T h e r e  a r e  less  c o a r s e  p a r t i c l e s  p r o d u c e d ,  b u t  t h e  

amount of  f i n e s  seems t o  b e  less  a f f e c t e d .  T h i s  c o u l d  b e  eic- 

p l a i n e d  i f  one  p o s t u l a t e s  a more homogenous d i s t r i b u t i o n  o f  t h e  

g r a n u l a t i n g  s o l u t i o n  d u r i n g  t h e  p r o c e s s  w i t h  a l o n g e r  m a s s i n g  

time . 
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E F F E C T  OF R A W  MATERIALS AND PROCESSI.NG 
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a LACTOSE REG.-AVICEL PH 101 

MASSING TIME 8 MIN. = 45% LIQUID LEVEL 

DRYING TECHNIQUE OVEN DRYING FLUIDISED BED DRYING 

WET SIEVE SIZE 8# 12# 8# 12# 

100 

90 

80 

70 

- 60 

- 
- 
- 
- 

50 

40 

30 

- 

- 

b 

DRYING TECHNIQUE 
WET SIEVE SIZE 
- 100 

90 

- 80 

- 

n 

LACTOSE D.C.-AVICEL PH 101 
MASSING TIME 8 MIN. = 45% LIQUID LEVEL 

OVEN DRYING FLUIDISED ElED DRYING 

8# 12if 8# 12# 

Figure 1 - Histograms representing Particle Size Distributions 
under various processing conditions: ( a )  Conventional Hydrous 
Lactose and (b) Direct Compression Lactose 

< 250 urn 
250 - 590  urn e > 590 urn 

Key: 
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EFFECT OF RAW MATERIALS AND PROCESSING 

a 12 

% weight 

4.4  5 . 5  

6 2 . 3  8 0 . 7  

3 3 . 3  1 3 . 8  

26 28 

6 6  6 5  

5 6  4 9  

9 

8 12 

1 6 . 4  20 .0  

5 0 . 5  6 6 . 2  

3 3 . 1  1 4 . 8  

1 5  2 0  

59 5 5  

55 4 6  

Table 111 
Granule Properties 

Oven d r i e d  F l u i d i z e d  bed  d r i e d  

Wet s i e v e  s i z e  
(mesh)  

P a r t i c l e  s i z e  
( m i c r o m e t e r  s ) 

Less t h a n  250 

250 - 5 9 0  

L a r g e r  t h a n  5 9 0  

F r i a b i l i t y  ( % >  

Volume ( m l )  
Bulk 

Tapped 

4 5 %  l i q u i d  l e v e l ,  1 5  min m a s s i n g  t i m e .  

A r e l a t e d  o b s e r v a t i o n  r a i s e d  an  i m p o r t a n t  q u e s t i o n  a b o u t  t h e  

l a c t o s e  a c t i v i t y  d u r i n g  t h e  p r o c e s s .  It was o b s e r v e d  t h a t  g r a n u l e s  

p r e p a r e d  w i t h  d i r e c t  c o m p r e s s i o n  l a c t o s e  e x h i b i t e d  lower  f r i a b i l i t y  

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

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

o f  s o l u t i o n  t h a n  d i d  r e g u l a r  l a c t o s e ,  and c o u l d  t h e r e f o r e  ac t  as a 

more e f f i c i e n t  b i n d e r .  T h i s  h y p o t h e s i s  was t e s t e d  e x p e r i m e n t a l l y ,  

and t h e  r e s u l t s  i n  T a b l e  I V  and F i g u r e  3 show t h a t  d i f f e r e n c e s  c a n  
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10 REMON A N D  S C H W A R T Z  

LACTOSE REG.-AVICEL PH 101 

MASSING TIME 8 MIN. = 45% LIQUID LEVEL 
DRYING TECHNIQUE OVEN DRYING FLUIDISED BED DRYING 

WET SIEVE SIZE 8# 12# 8# 12&- 

100 

90 

80 

70 

60 

50 

40 n 
30 

20 

10 

0 

Figure 2 - Histograms representing Particle Size Distributions 
with increased granulation time 

Key : < 250 um 
250 - 590 urn 

> 590 urn 

T a b l e  I V  Dissolution P r o f i l e s  for L a c t o s e  

Lactose dissolved ( %  W / V )  
Time (min) Lactose D . C .  Lactose regular 

2 

4 

8 

12 

16 

9.78 

9.92 

10.04 

10.22 

10.30 

8 .46  

8 .74  

8 .88  

9.00 

9.14 

Experiments were performed with a 250 g of MCC-lactose 
blend ( 2 5 : 7 5 )  in 500 ml of water in a planetary mixer 
at 140 rpm. 
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E F F E C T  O F  R A W  M A T E R I A L S  AND P R O C E S S I N G  

DISSOLUTION PROFILE OF LACTOSE 

11 

10 

vj 
' " 6  n 
w 
In 
0 
I- 
" 4  
Is 

+ = LOCTOSE D.C. 
X = LACTOSE REGURALR 

4 

U 

I 
0 4 8 12 16 20 

TIME (MIN.) 

F i g u r e  3 - Dissolution Profiles f o r  Lactose 

be o b s e r v e d  and c o u l d  s u p p o r t  t h e  e x p l a n a t i o n ;  i . e . ,  r e g u l a r  l a c t o s e  

d o e s  n o t  d i s s o l v e  a s  r a p i d l y .  

Influence of Dissolved Lactose 

To f u r t h e r  s u p p o r t  t h e  c o n c e p t  t h a t  l a c t o s e  may p r o v i d e  

i m p o r t a n t  b i n d e r  a c t i v i t y ,  i t  w a s  d e c i d e d  t o  i n v e s t i g a t e  t h e  

i n f l u e n c e  o f  d i s s o l v e d  l a c t o s e  on  g r a n u l e  p r o p e r t i e s .  One kg 

b a t c h e s  o f  t h e  same 2 5 : 7 5  m i x t u r e s  were g r a n u l a t e d  w i t h  a 10% 

l a c t o s e  s o l u t i o n .  The q u a n t i t y  of  l a c t o s e  i n  t h e  d r y  b l e n d s  was 

r educed  a c c o r d i n g l y  i n  o r d e r  t o  k e e p  t h e  o v e r a l l  amount o f  l a c t o s e  
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3.2 REMON AND SCHWARTZ 

Less t h a n  250 0 . 6  1 . 6  

2 5 0  - 590 2 8 . 9  3 0 . 8  

Large r t h an 
590 1 0 . 5  68 .1  

F r i a b i l i t y  ( % I  12 4 

T a b l e  V 
The E f f e c t  of P r e - d i s s o l v e d  L a c t o s e  on G r a n u l e  P r o p e r t i e s  

i 

0 . 5  0 . 51 
3 1 . 3  3 4 . K  

6 2 . 1  6 4 . 7  

1 7  4 

L a c t o s e  D . C .  L a c t o s e  r e g u l a r  
oven f l u i d  bed oven  f l u i d  bed 
d r i e d  d r i e d  d r i e d  d r i e d  

P a r t i c l e  s i z e  
(mi c rome t e r s 1 

X w e i g h t  

I 

Volume ( m l )  
Bulk 6 1  55 56 I 64 
Tapped 55 5 3  1 56 5 3  

8 min g r a n u l a t i o n  t i m e ,  8 mesh w e t  s i e v e  s i z e .  

c o n s t a n t  and e q u a l  t o  t h e  p r e v i o u s  e x p e r i m e n t s .  The r e s u l t i n g  

g r a n u l e  p r o p e r t i e s  are  l i s t e d  i n  T a b l e  V .  

Comparison o f  t h e  d a t a  f rom T a b l e s  I1 and V shows t h a t  t h e  

amount of l a c t o s e  i n  s o l u t i o n  a f f e c t s  b o t h  t h e  p a r t i c l e  s i z e  

d i s t r i b u t i o n  and t h e  f r i a b i l i t y  of  t h e  r e s u l t i n g  g r a n u l e s .  

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

t h e  p a r t i c l e  s i z e ,  y i e l d i n g  less f i n e s  and more  c o a r s e  p a r t i c l e s .  

G r a n u l e  f r i a b i l i t y  was lower  i n  a l l  c a s e s .  T h i s  i n d i c a t e s  t h a t  
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EFFECT OF RAW MATERIALS AND PROCESSING 13 

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

g r a n u l a t i o n  p r o c e s s ,  and t h e s e  r e s u l t s  may s e r v e  as g u i d e l i n e s  f o r  

f o r m u l a t o r s .  

CONCLUSIONS 

For  t h e  s p e c i f i c  m i x t u r e  invo lved  i n  t h e s e  s t u d i e s ,  which 

c o n t a i n s  o n l y  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 l a c t o s e ,  t h e  

changes i n  g r a n u l a t i o n  c o n d i t i o n s  have produced some changes i n  

g r a n u l e  c h a r a c t e r i s t i c s  which can be  used t o  gu ide  g e n e r a l  pro- 

c e s s i n g  development w i t h  r e s p e c t  t o  wet g r a n u l a t i o n .  

A s  e x p e c t e d ,  i n c r e a s e s  i n  g r a n u l a t i n g  f l u i d  volume and wet 

s i e v e  a p e r t u r e  y i e l d e d  l a r g e r  g r a n u l e s  wi th  reduced  f r i a b i l i t y .  

I n c r e a s e d  g r a n u l a t i o n  t i m e  produced g r a n u l e s  w i t h  reduced  f r i -  

a b i l i t y  b u t  a more narrow p a r t i c l e  s i z e  d i s t r i b u t i o n  wi th  l e s s  

c o a r s e  p a r t i c l e s .  

Ln g e n e r a l ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  s e l e c t i o n  o f  

d r y i n g  method can  i n f l u e n c e  g r a n u l e  c h a r a c t e r i s t i c s .  I t  a p p e a r s  

t h a t  t h e  a c t i v i t y  i n  a f l u i d  bed d r i e r ,  w i th  t h e s e  f o r m u l a t i o n s ,  

p roduces  s m a l l e r  and less  f r i a b l e  g r a n u l e s  t h a n  t h o s e  from a 

d r y i n g  oven.  The bed d e n s i t y  of  t h e s e  g r a n u l e s  i s  g r e a t e r ,  and 

a l though  no t  t e s t e d ,  pe rhaps  g r a n u l e  d e n s i t y  i s  a l s o  g r e a t e r .  I t  

appea r s  t h a t  g r a n u l e s  s u r v i v i n g  t h e  f l u i d  bed t r e a t m e n t  are 

smaller b u t  more r o b u s t .  A s i m i l a r  c o n c l u s i o n  w a s  r eached  w i t h  

s p h e r o n i z a t i o n  work i n  t h e s e  l a b o r a t o r i e s  where d r y i n g  by 
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14 REMON A N D  SCHWARTZ 

f l u i d i z e d  bed p roduced  a more smooth s u r f a c e  and s l i g h t l y  r o u n d e r  

b e a d s  ( 4 ) .  

These  r e s u l t s  a l s o  document t h a t  t h e  r a t e  of  s o l u t i o n  of  a n  

i n g r e d i e n t  i n  a wet g r a n u l a t i o n  f o r m u l a t i o n  ( l a c t o s e )  c a n  a f f e c t  

g r a n u l e  c h a r a c t e r i s t i c s .  Data show t h a t  D .C .  l a c t o s e  d i s -  

s o l v e s  more r a p i d l y  t h a n  r e g u l a r  l a c t o s e  and p r o d u c e s  much 

less f r i a b l e  g r a n u l e s .  I n  a d d i t i o n ,  d i s s o l v i n g  t h e  b i n d e r  t o  

make a g r a n u l a t i n g  s o l u t i o n  p r o d u c e d  l a r g e r ,  less  f r i a b l e  

g r a n u l e s .  F o r m u l a t o r s  may b e  a b l e  t o  a p p l y  t h e s e  o b s e r v a t i o n s  

i n  t h e  case o f  s o l u b l e  a d d i t i v e s  o r  a c t i v e  i n g r e d i e n t s .  
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