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SUMMARY 

The op t ima l  l i q u i d  requi rement  f o r  wet g r a n u l a t i o n  can be 

i n v e s t i g a t e d  by r e c o r d i n g  t h e  power consumption o 

d u r i n g  l i q u i d  a d d i t i o n .  I n  t h i s  work i t  was t r i e d  

technique on a small l a b o r a t o r y  sca le  (one kg o r  

1 actose wet g r a n u l a t i o n  w i t h  water .  The Val i d i  t y  

t h e  m ixe r  

t o  use t h i s  

ess )  f o r  

f t h e  power 

consumption method c o u l d  be conf i rmed by g ranu le  s i z e  a n a l y s i s .  

D i f f e r e n t  f a c t o r s  were s t u d i e d  : k i n d  o f  mixer ,  powder q u a n t i t y ,  

mixer  speed, l i q u i d  a d d i t i o n  speed, g r a n u l a t o r  screen s i z e ,  m i x i n g  

t ime .  

1 - INTRODUCTION 

I n  s p i t e  o f  many advances i n  t h e  l a s t  decade, drugs and e x c i -  

p i e n t s  which can be used as such f o r  d i r e c t  t a b l e t t i n g  are no t  

t h e  general  r u l e .  
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334 STAMM AND PARIS 

Of ten  a g r a n u l a t i o n  i s  r e q u i r e d  t o  improve t h e  f l o w  o f  powders 

as w e l l  as t h e  mechanical p r o p e r t i e s  o f  r e s u l t i n g  t a b l e t s .  

Usua 

s o l u t i o n s  

t i t y  o f  1 

o p e r a t i o n  

l y  t h e  granules a re  ob ta ined  by adding l i q u i d s  ( b i n d e r  

o r  l i q u i d s  a c t i n g  as p a r t i a l  s o l v e n t ) .  The op t ima l  quan- 

q u i d  needed t o  g e t  a g i ven  g ranu le  s i z e  a t  t h e  end o f  t h e  

should be known accu ra te l y ,  i n  o r d e r  t o  keep a good r e p r o -  

duc i  b i  1 i t y  f rom ba tch  t o  batch.  U n f o r t u n a t e l y  o n l y  few techniques 

a l l o w  such a good manufacture ( f o r  example f l u i d  bed g r a n u l a t i o n ) .  

I n  t h e  c l a s s i c a l  g r a n u l a t i o n  process (wet massing and sc reen ing )  

c a l  l y .  t h e  op t ima l  volume i s  o f t e n  f i x e d  empir  

The aim o f  t h i s  work was t o  study, 

s c i e n t i f i c  method f o r  t h e  d e t e r m i n a t i o n  

on t h e  l a b o r a t o r y  sca le,  a 

o f  op t ima l  l i q u i d  r e q u i r e -  

ment. The technique,  p r e v i o u s l y  desc r ibed  by LEUENBERGER and a l .  

(1,2,5)has been a p p l i e d  t o  3 mixers,  and v a r i o u s  exper imenta l  

c o n d i t i o n s  have been s tud ied .  

2 - PREVIOUS WORKS 

Several  s t u d i e s  have been undertaken f o r  a b e t t e r  knowledge o f  

wet g r a n u l a t i o n .  Some a re  r e l a t e d  t o  t h e  k i n d  o f  bonding between 

p a r t i c l e s  ; o t h e r s  t r y  t o  e x p l a i n  t h e  bonding and s i z e  i nc rease  

o f  g ranu les  ; o t h e r s  s p e c i f i c a l l y  i n v e s t i g a t e  t h e  l i q u i d  volume 

r e q u i r e d  t o  produce granules.  

2.1. Bonding between particles 

The f i r s t  s t u d i e s  were p u b l i s h e d  by RUMPF ( 1 0 )  i n  1958. Th is  

author  showed t h a t  d i f f e r e n t  k i n d  o f  bonding can occur  : 
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OPTIMAL GRANULATION LIQUID REQUIREMENT 335 

- a t t r a c t i v e  f o r c e s  between s o l i d  p a r t i c l e s  ; 

- adhes ive  and cohes ive  f o r c e s  i n  b i n d e r s  ; 

- s o l i d  b r i d g e s  ; 

- i n t e r f a c i a l  and c a p i l l a r y  p r e s s u r e  f o r c e s  i n  l i q u i d  s u r f a c e s .  

It was a l soshown t h a t  o n l y  s o l i d  b r i d g e s  and i n t e r f a c i a l  f o r c e s  

t a k e  p l a c e  i n  wet g r a n u l a t i o n .  

The' s o l i d  b r i d g e s  a r e  formed between two p a r t i c l e s  by mean o f  

a t h i r d  s o l i d  c a l l e d  " b i n d e r " .  These k i n d  o f  b r i d g e s  a r e  o b t a i n e d  

d u r i n g  d r y i n g  by c r i s t a l l i s a t i o n  o r  ha rden ing  o f  a d i s s o l v e d  

substance, o r  by a l a y e r  o f  c o l l o i d a l  sed iment .  I n  some cases t h e  

b i n d e r  can be t h e  a c t i v e  d r u g  i t s e l f ,  p a r t i a l l y  d i s s o l v e d  by  t h e  

g r a n u l a t i o n  f 1 u i d .  

When t h e  b r i d g e s  a r e  fo rmed by i n t e r f a c i a l  f o r c e s  and c a p i l l a r y  

p ressu re ,  t h e  name o f  t h e  b r i d g e s  i s  " l i q u i d  b r i d g e s "  i n  wh ich  

t h e  a c t i v e  d r u g  can be d i s s o l v e d .  

These f o r c e s  c r e a t e  t h e  p r i m a r y  a t t r a c t i o n  between p a r t i c l e s ,  

and a l l o w  t h e  c r e a t i o n  o f  a nuc leus .  

RUMPF showed t h a t ,  i n  f u n c t i o n  o f  t h e  q u a n t i t y  o f  l i q u i d  added 

t o  t h e  powder bed, t h e r e  a r e  3 s t e p s  d u r i n g  t h e  agg lomera t i on  : 

- pendu la ry  s t a t e  : sma l l  l i q u i d  l a m e l l a s  a re  formed between p a r -  

t i c l e s  ; b i g  a i r  h o l e s  between p a r t i c l e s  s t i l l  e x i s t  

- f u n i c u l a r  s t a t e  : t h e  a i r  i s  p r o g r e s s i v e l y  removed when l i q u i d  i s  

added 

- c a p i l l a r y  s t a t e  : t h e r e  a r e  no more v o i d  spaces between p a r t i c l e s ,  

and i f  t h e  o p t i m a l  q u a n t i t y  o f  l i q u i d  i s  exceeded, even a v e r y  

few, a k i n d  o f  d r o p l e t  i s  produced. 
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336 STAMM AND PARIS 

Severa l  au tho rs  t r i e d  t o  q u a n t i f y  t h e  v a r i o u s  phenomenons 

wh ich  a l l o w  t o  reach  t h i s  g r a n u l a r  s t r u c t u r e  (8,111. The s t u d i e s  

were espec i  a1 l y  made on i n t e r f  a c i  a1 t e n s i o n  and cap i  11 a r y  p ressu re  

i n  t h e  l i q u i d  l o c a t e d  between p a r t i c l e s .  The r e s u l t i n g  f o r c e  i s  

a cohes ive  f o r c e  HF wh ich  depends on p a r t i c l e s  s p a c i a l  pack ing  

( c u b i c ,  rhomboedr ic ,  ... ) ( 6 ) .  The cohes ive  f o r c e  i s  g i v e n  by t h e  

e q u a t i o n  ( f i g .  1 )  : 

... 1 l x .  HF = a f l s i n  Rx ( s i n ( R  t 6 )  t (R1- R i .T .s in  R )  

where 

- a 

- x t h e  p a r t i c l e  d iamete r  

- R t h e  c e n t e r  ang le  

- 6 t h e  w e t t i n g  ang le  

- R 1  t h e  a r c  r a d i u s  o f  t h e  c i r c l e  d e s c r i b e d  by t h e  concave s u r f a c e  

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

o f  t h e  l i q u i d  b r i d g e  

- R 2  t h e  h a l f - l e a s t - w i d t h  

2.2. Granu le  s i z e  i n c r e a s e  

o f  t h e  b r i d g e .  

The t h e o r y  o f  g r a n u l e  s i z e  i n c r e a s e  has f i r s t  been e s t a b l i s h e d  

by N e w i t t  and Conway-Jones ( 8 )  d u r i n g  a s t u d y  o f  s i l i c a  g r a n u l a t i o n  

i n  a c o a t i n g  pan. T h i s  t h e o r y  has been c o n f i r m e d  l a t e r  (3,111. I n  

t h i s  t h e o r y ,  t h e  g r a n u l a t i o n  occu rs  i n  3 s t e p s  ( f i g .  2 ) .  

- nuc leus  f o r m a t i o n  : t h i s  s t e p  i s  c h a r a c t e r i z e d  by t h e  appear ing  

o f  smal l  agglomerates r e s u l t i n g  o f  t h e  j o i n i n g  o f  s e v e r a l  i n d i v i -  

dua l  p a r t i c l e s  ( p e n d u l a r y  b r i d g e s )  
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OPTIMAL GRANULATION L I Q U I D  REQUIREMENT 3 3  7 

FIG : 1 - MODEL OF A LIQUID BRIDGE FOR SPHERICAL PARTICLE 

1. nucleus formation 2.  t ransi t ion 

3. transit ion 
and 

sire increase 

4. size increase 

FIG : 2 - STEPS DURING GRANULE FORMATION 
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338 STAMM AND PARIS 

- t r a n s i t i o n  : t h e  second stage i s  t h e  c r e a t i o n  o f  smal l  spheres 

o f  i r r e g u l a r  s i z e  

- s i z e  i nc rease  : t h e  l a s t  s t e p  leads t o  spheres which are r e g u l a r  

i n  shape and s i ze ,  e i t h e r  by bonding o f  severa l  spheres o r  

b reak ing  o f  b i g  spheres under m i  x i  ng. 

A t  each s tage am o t h e r  k i n d  of bonding takes  p lace  ( f i g .  3 )  : 

d u r i n g  nuc lea t i on ,  t h e  pendular  f o r c e s  are t h e  most impor tan t  ; 

d u r i n g  t r a n s i t i o n ,  f u n i c u l a r y  fo rces ,  and d u r i n g  s i z e  increase,  

cap i  11 a ry  fo rces .  

2.3. E v a l u a t i o n  o f  t h e  r e q u i r e d  g r a n u l a t i o n  f l u i d  q u a n t i t y  

Some authors have t r i e d  t o  c a l c u l a t e  t h e  q u a n t i t y  of l i q u i d  

r e q u i r e d  t o  g i v e  good g ranu les .  RUMPF ( 9 )  was t h e  f i r s t  t o  descr ibe,  

by an equat ion,  t h e  volume o f  l i q u i d  i n  a powder bed, based on 

a cub ic  pack ing o f  p a r t i c l e s  ( f i g .  4 )  : 

(11)  ... V z w  = 2 6 [ ( R 1 2  + b2)Rl cos ( 0  t 6 )  - R 3c0s3(f l  t 6 )  
2 -1 - 

- 1 x3 ( 2  + cos B ) . ( l  - cos 0 1 2 1  
24 

where R1, 0 ,  6 and x have t h e  same meaning as i n  t h e  equa t ion  I ,  

b rep resen ts the  d i s t a n c e  between t h e  c e n t e r  o f  t h e  p a r t i c l e  and 

system a x i s .  

Th is  i n t e r e s t i n g  t h e o r e t i c a l  equa t ion  seems, however, t o o  

complex t o  have a r e a l  use i n  t h e  p r a c t i c e .  
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OPTIMAL GRANULATION LIQUID REQUIREMENT 339 

AMOUNT OF GRANULATION LIQUID 

FIG : 3 - STEPS DURING GRANULATION 

An o t h e r  t h e o r e t i c a l  approach has been g i ven  i n  t h e  l i t t e r a t u r e  

(3,5) : 

(111) ..... EPe 
spe t ( 1  - E ) P S  

w =  

where - W i s  t h e  q u a n t i t y  o f  l i q u i d  ( i n  % )  

- E t h e  powder bed p o r o s i t y  

- pe and ps t h e  t r u e  d e n s i t i e s  o f  l i q u i d  and s o l i d  

This  equat ion,  u s i n g  s imple parameters, seems t o  be e a s i e r  

t o  use i n  p roduc t i on .  It can be c o r r e c t e d  by a f a c t o r  i n d i c a t i n g  
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34 0 STAMM AND PARIS 

FIG : 4 - VOLUME OF LIQUID I N  A POWDER BED 

t h e  q u a n t i t y  o f  l i q u i d  sucked up by hyg roscop ic  powders ( t h i s  1 

i s  n o t  used t o  f o r m  bonds between p a r t i c l e s ) .  

Other  a u t h o r s  t r i e d  t o  a p p r e c i a t e  t h e  o p t i m a l  l i q u i d  quant  

i q u i  d by  measur ing  t h e  energy consumption o f  t h e  m i x e r  d u r i n g  

a d d i t i o n .  Two k i n d  o f  methods were employed : 

- s t r a i n  gauges ( 7 )  : 

t h e  measurement o f  power consumpt ion  by  s t r a i n  gauges s n o t  

q u i d  

t Y  
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OPTIMAL GRANULATION LIQUID REQUIREMENT 34 1 

ve ry  convenient ,  because i t  i s  o f t e n  d i f f i c u l t  t o  f i n d  a p l a c e  

on t h e  mixer  where t h e  s t r a i n  i s  h i g h  

reco rd ,  and low enough t o  avo id  any dammage on t h e  gauges. U s u a l l y  

enough t o  g i v e  an accu ra te  

t h e  gauges a re  mounted i n  a Wheatstone b r idge ,  and t h e  r e s u l t i n g  

s i g n a l  i s  recorded. 

wat tmeter  : 

t h e  f i r s t  t r i a l s ,  i n  t h e  pharmaceut ica l  f i e l d ,  were pub l i shed  

by HUNTER and GANDERTON (41, b u t  t h e  r e s u l t s  were n o t  comp le te l y  

s a t i s f a c t o r y ,  due t o  t h e  r e c o r d i n g  system. I n  1979, LEUENBERGER 

and a l .  (1 ,2)  desc r ibed  an apparatus g i v i n g  much b e t t e r  r e s u l t s  : 

t h e y  measured t h e  power consumption by mean o f  a wat tmeter ,  and 

t h e  use o f  e l e c t r o n i c  f i l t e r s  a l lowed a good separa t i on  between 

ground no ise  and t h e  r e a l  s i g n a l .  

The r e c o r d i n g  ob ta ined  by these authors ( f i g .  7)  shows d i f f e r e n t  

zones ; they  are l i m i t e d  by tangent  l i n e s  t o  t h e  d i f f e r e n t  po r -  

t i o n s  o f  t h e  recorded curve.  Each o f  those zones rep resen t  a 

s tep  i n  t h e  g ranu le  fo rma t ion .  

The s tep  1 i s  t h e  l i q u i d  s a t u r a t i o n  o f  t h e  powder, b e f o r e  any 

bonding ; t h e  second s tep  i s  t h e  nuc leus format ion ; i n  s tep  

3 i s  t h e  t r a n s i t i o n  phase and i n  s tep  4 t h e  g r a n u l a t e  f o r m a t i o n  

i s  exceeded ( d r o p l e t  f o r m a t i o n )  and a k i n d  o f  powder suspension 

i n  l i q u i d  i s  formed. 

LEUENBERGER and a l .  (1,2,5) s t u d i e d  t h e  c h a r a c t e r i s t i c s  o f  t a b l e t s  

ob ta ined  w i t h  granules a t  d i f f e r e n t  stages. These authors showed 

t h a t  t h e  op t ima l  va lue  o f  l i q u i d  (Sm) i s  g i ven  by 

s3 + s4 
2 I V  ..... Sm = 
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342 STAMM AND PARIS 

3 - PERSONAL WORKS 

The aim o f  t h i s  work was t o  s t u d y  t h e  i n f l u e n c e  o f  v a r i o u s  

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

1 i q u i  d r e q u i  rement , measured by t h e  power consumpti  on t e c h n i q u e .  

3.1. M a t e r i a l  and methods 

Un less  o t h e r w i s e  s p e c i f i e d ,  a l l  t h e  s t u d i e s  were made on 

1.000 kg  o f  l a c t o s e  ( " i m p a l p a b l e  g rade"  - H M S - N L ) .  T h i s  q u a n t i t y  

o f  powder was i n t r o d u c e d  i n  a m ixe r ,  and p r o g r e s s i v e l y  w e t t e d  w i t h  

wa te r  by mean o f  a p e r i s t a l t i c  pump ( 1 0  m l / m i n . ) .  D u r i n g  t h e  m i x i n g  

and w e t t i n g  s tage  t h e  power consumpt ion  was measured as a f u n c t i o n  

o f  t h e  q u a n t i t y  o f  l i q u i d  added by mean o f  a wa t tme te r  and t h e  

r e s u l t i n g  s i g n a l  reco rded .  The wet mass was g r a n u l a t e d  t h r o u g h  

a screen o f  630 pm and t h e  g r a n u l e s  d r i e d  i n  t h i n  l a y e r  a t  room 

tempera tu re .  

The method o f  g r a n u l a t i o n  was e v a l u a t e d  by s t u d y i n g  t h e  

p h y s i c a l  p r o p e r t i e s  o f  t h e  g r a n u l a t e s  and n o t  by  m a n u f a c t u r i n g  

t a b l e t s .  It was cons ide red  t h a t  a g r a n u l a t e  can be rega rded  as 

s a t i s f a c t o r y  when more t h a n  80 % o f  p a r t i c l e s  h a v i n g  t h e  same s i z e  

a r e  ob ta ined .  So t h e  o p t i m a l  q u a n t i t y  o f  l i q u i d  c o u l d  be c a l c u l a t e d  

by p l o t t i n g  t h e  percentage o f  p a r t i c l e s  o f  a g i v e n  s i z e  as a 

f u n c t i o n  o f  g r a n u l a t i o n  l i q u i d  q u a n t i t y  added. 

The p a r t i c l e  s i z e  d i s t r i b u t i o n  has been s t u d i e d  each t i m e  on 

two  ba tches  : i t  has been measured by s c r e e n i n g  t h e  p a r t i c l e s  

(Erweka v i b r a t o r y  sc reens  t y p e  E M L ,  w i t h  1000 pm, 500 pm, 250 pm 

and 160 urn s c r e e n s - v i b r a t i o n s  d u r i n g  15 m i n u t e s ) .  

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.



OPTIMAL GRANULATION L I Q U I D  REQUIREMENT 34 3 

o p t i m a l  g r a n u l a t  

i n t o  two c a t e g o r  

t o  t h e  o t h e r  dev 

1 a t o  

3.2. 

used 

on l i q u i d  q u a n t i t y  

es : those  r e l a t e d  

ces used f o r  g ranu 

3.2. Influence of technological factors 

The t e c h n o l o g i c a l  f a c t o r s  wh ich  may have an i n f l u e n c e  on t h e  

r e q u i r e d  can be c l a s s i f i e d  

t o  t h e  m ixe r ,  and those  r e l a t e d  

a t i o n  ( p e r i s t a l t i c  pump, granu- 

... 1. 

. F a c t o r s  r e l a t e d  t o  t h e  m i x e r  

F o r  t h i s  s tudy ,  t h r e e  d i f f e r e n t  l a b o r a t o r y  m i x e r s  have been 

- A p l a n i t a r y  m i x e r  w 

- A p l a n e t a r y  m i x e r  w 

- An he1 i c o r d a l  m ixe r  

t h  1 padd le  (ERWEKA) ( F i g u r e  5 ) .  

t h  2 padd les  (PRIMAX) ( F i g u r e  5 ) .  

(BOSCH) ( F i g u r e  5 ) .  

A comparison between t h e  c h a r a c t e r i s t i c s  o f  t h e  m i x e r s  i s  

g i v e n  i n  t a b l e  1.  

A c c o r d i n g  t o  t h e  d i f f e r e n t  mechanical  c r i t e r i o n s ,  i t  seems 

t h a t  t h e  Bosch m ixe r  i s  t h e  most w e l l  adapted t o  smal l  l a b o r a t o r y  

t r i a l s .  The power consumption r e c o r d  o f  t h e  t h r e e  t ypes  o f  m i x e r s  

i s  d i f f e r e n t  : f o r  example t h e  base l i n e  ( f i g .  6 )  does n o t  have 

t h e  same shape, and t h i s  o b t a i n e d  w i t h  t h e  Bosch m ixe r  g i v e s  t h e  

most p r e c i s e  drawing ,  and a l s o  t h e  l o w e s t  v a r i a t i o n s .  

A f t e r  s w i t c h i n g  on t h e  m ixe r ,  a c e r t a i n  t i m e  i s  needed 

t o  reach t h e  consumption s teady  s t a t e  : he re  a l s o  t h e  Bosch m ixe r  

seems t o  be t h e  most adequate t o  g i v e  a good drawing .  

D u r i n g  t h e  r e c o r d  o f  t h e  power consumption o f  t h e  empty 

m i x e r ,  t h e  base l i n e  shows sometimes unwished v a r i a t i o n s ,  b u t  

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.



344 STAMM AND PARIS 

PLANETARY E R W E K A  R M I X E R  

PLANETARY PRIMAX R 

j 
M I X E R  

a 
PADDLE O F  B O S C H R  

I 
M I X E R  I 

R 
BOSCH MIXER 

FIG : 5 - DIFFERENT KIND OF MIXERS USED 

t h e  Bosch mixer was t h i s  w i t h  t h e  lowest  v a r i a t i o n s .  So i t  seemed 

t o  us t h a t  t h e  hel ico i 'da l  apparatus i s  t h e  best  one t o  study, 

on a l a b o r a t o r y  scale,  t h e  m i x i n g  b e f o r e  g r a n u l a t i o n .  T h i s  good 

exper imenta l  p r o p e r t i e s  can be r e l a t e d  t o  t h e  m i x i n g  paddle o f  

t h e  apparatus ( F i g .  5 )  : t h e  paddle i s  f i x e d  t o  t h e  bot tom o f  

t h e  mixer,  and i t s  p a r t i c u l a r  shape leeds t o  impor tan t  f r i c t i o n s  
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OPTIMAL GRANULATION L I Q U I D  REQUIREMENT 345 

R o t a t i  on speed 

E f f i c i e n c y  o f  
t h e  m i x e r  

K i n d  o f  c l o s i n g  

F i  1 l i n g  

Tab le  1 : Comparison between t h e  c h a r a c t e r i s t i c s  o f  t h e  m i x e r s .  

tt tt ttt 

t tt ttt 

0 tt ttt 

t 0 ttt 

M I X E R  P1 a n e t a r y  ERWEKA P1 a n e t a r y  PRIMAX He1 i c o T d a l  Bosch 

a l o n g  t h e  appara tus  w a l l s  as soon as a sma l l  q u a n t i t y  o f  powder 

i s  p u t  i n t o  t h e  m i x e r .  

F o r  t h e s e  mechanical  and e l e c t r i c a l  reasons t h e  Bosch m i x e r  

was choosen t o  under take  t h i s  s t u d y .  

V e r i f i c a t i o n  o f  t h e  v a l i d i t v  o f  t h e  method 3.2.1.2. 

d a t a  pub 

Wi th  t h e  d e s c r i b e d  m a t e r i a l  i t  was t r i e d  t o  v e r i f y  t h e  

i s h e d  by LEUENBERGER and a1 . (1,2,5).  

The r e c o r d  o b t a i n e d  w i t h  our  appara tus  shows some s i m i l a -  

r i t i e s  w i t h  t h e  r e c o r d  p u b l i s h e d  by LEUEUNBERGER ( f i g .  7 )  ; t h i s  

s i m i l a r i t y  does however n o t  s i g n i f y  t h a t  t h e  o p t i m a l  l i q u i d  q u a n t i -  

t y  i s  equal  t o  s3 s4 

F o r  t h i s  reason t h e  q u a n t i t y  o f  l i q u i d  c o r r e s p o n d i n g  

t o  t h e  d i f f e r e n t  s t e p s  was measured : 
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346 STAMM AND PARIS 

E R W E K A ~  PR I M A X R  BOSCH R 
-7 

- - 

base l ine  drawing 

&Trt a art I t a r t  

t ime t o  reach the steady state a f te r  

-*- - w 

switching on 

base line variations (empty mixer ) 

instabil i ty of base l ine 

FIG : 6 - POWER CONSUMPTION RECORDS 
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OPTIMAL GRANULATION LIQUID REQUIREMENT 34 7 

7 

LIQUID VOLUME (ML) 

FIG : 7 - POWER CONSUMPTION RECORDS OBTAINED BY EUO\IBER@R ET AL, 
(1) (TOPIAND OUR DEVICE (BOTTOM) 

We found  : 

- 44 m l  f o r  t h e  f i r s t  power v a r i a t i o n  

- 60 m l  f o r  t h e  f i r s t  peak S 2  

- 80 m l  f o r  t h e  b e g i n n i n g  o f  t h e  p l a t e a u  S3 

- 190 ml f o r  t h e  b e g i n n i n g  o f  t h e  second peak S4 

So Sm = 8o ' = 135 ml 
2 
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348 STAMM AND PARIS 

A f t e r  d r y i n g  o f  t h e  d i f f e r e n t  granules,  a p a r t i c l e  s i z e  

a n a l y s i s  has been made. F i g u r e  8 g i v e s  t h e  pe rcen t  o f  p a r t i c l e s  

o f  a g i ven  s i z e  as a f u n c t i o n  o f  t h e  added l i q u i d  volume. These 

curves have a gaussian shape. They a re  more p r e c i s e  than  i t  c o u l d  

be expected f rom t h e  number o f  exper imenta l  p o i n t s  p l o t t e d  on 

t h e  f i g u r e  : i n  f a c t ,  f o r  each p o i n t ,  t h e  sum o f  t h e  f o u r  curves 

i s  equal t o  100 %, so, even between two exper imenta l  p o i n t s  t h e  

curves can be drawed w i t h  a c e r t a i n  accuracy by c a l c u l a t i o n  o f  

t h e  coo rd ina tes  o f  a d d i t i o n a l  p o i n t s .  

The curves show t h a t  86 % o f  p a r t i c l e s  hav ing a s i z e  

between 500 and 1000 pm can be ob ta ined  w i t h  a g r a n u l a t i o n  l i q u i d  

amount o f  135 m l .  It c o u l d  seem s u r p r i z i n g  t h a t  w i t h  a g r a n u l a t o r  

screen o f  630 p n  such an amount o f  p a r t i c l e s  hav ing  a s i z e  between 

500 and 1000 pn c o u l d  be obta ined.  I n  f a c t  n o t  o n l y  t h e  d iameter  

o f  granules b u t  a l so  t h e i r  l e n g t h  must be considered i n  a screen 

p a r t i c l e  s i z e  ana lys i s .  

The optimum l i q u i d  volume r e s u l t i n g  f rom t h e  g ranu le  

s i z e  a n a l y s i s  (135 m l )  i s  t h e  same as t h i s  c a l c u l a t e d  by t h e  t h e o r y  

o f  LEUENBERGER and a l .  

To c o n f i r m  these  f i r s t  d a t a  an o t h e r  ba tch  o f  granules 

(ba tch  2 )  was produced, w i t h o u t  consumption reco rd ing ,  by adding 

s l o w l y  an exact  amount o f  135 m l  o f  water t o  t h e  l ac tose .  The 

granules were d r i e d  and t h e  p a r t i c l e  s i z e  

by s i e v i n g .  

Table 2 shows t h a t  t h i s  q u a n t i t y  

expected r e s u l t s ,  showing a good reproduc 

d i  s t r i  b u t i  on analysed 

o f  l i q u i d  g i ves  t h e  

b i l i t y  o f  t h e  method. 
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%REW OPEIWW 
c OVER1000 P M  

* OVER500 P 'M 
OVER250 CC M 

0 OVERl60P M 
0 UNDER160 fi M % 

\ 
100 

50 

60 1 l o  

FIG : 8 - PARTICLE SIZE DISTRIBUTION AS A FUNCTION OF THE LIQUID VOLUME 

ADDED 

3.2.1.3. I n f  1 uence o f  t h e  powder q u a n t i t y  

Very r e c e n t l y  LEUENBERGER ( 6 )  has shown t h a t  t h e  power 

consumpt ion  method a1 lows a good m o n i t o r i n g  o f  g r a n u l a t i o n  s c a l e  

up ; t h i s  a u t h o r  demonst ra ted  a good l i n e a r i t y  o f  t h e  measurement 

i n  charges  ranged f r o m  3.75 k g  up t o  60 kg. We t r i e d  t o  see if 

t h e  method i s  a l s o  s u f f i c i e n t  t o  s t u d y  v e r y  sma l l  charges  ( l e s s  

t h a n  1 k g  I .  
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35 0 STAMM AND PARIS 

Tab le  2 : P a r t i c l e  s i z e  a n a l y s i s  o f  b a t c h  1 and 2. 

Screen open ing  (pm) Ba tch  1 

- ~ - 

Batch  2 

1000 pm 

500 pm 

250 pm 

160 pm 

0 Clm 

2.1 % 

86.1 % 

3.2 % 

1.0 % 

7.6 % 

3.0 % 

85.6 % 

2.4 % 

1 .0  % 

7.0 % 

I n  t h e  m ixe r  q u a n t i t i e s  o f  250, 500, 750 and 1000 g were 

g r a n u l a t e d  w i t h  a q u a n t i t y  o f  l i q u i d  equa l  t o  135 m l  f o r  1000 g 

( o p t i m a l  q u a n t i t y  a c c o r d i n g  t o  ou r  p r e v i o u s  r e s u l t s ) .  The p a r t i c l e  

s i z e  a n a l y s i s  ( T a b l e  3 )  shows t h a t  t h e  d i f f e r e n c e s  between ba tches  

o f  d i f f e r e n t  s i z e s  a re  n o t  v e r y  g r e a t  : t h e  b i g g e s t  p a r t i c l e  c l a s s  

i s  between 500 and 1000 pn. I t  seems however t h a t  t h e  p r o p o r t i o n  

o f  p a r t i c l e s  l a r g e r  t h a n  500 pm i s  i n c r e a s e d  when t h e  b a t c h  s i z e  

i s  i nc reased .  T h i s  i s  r e p r e s e n t e d  i n  f i g u r e  9 .  The d i f f e r e n c e  

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

o r  a d i f f e r e n c e  i n  t h e  screen massing : i n  f a c t  i t  seems t h a t  

w i t h  ve ry  smal l  q u a n t i t i e s  o f  powder, t h e  powder i s  w e l l  w e t t e d  

by t h e  l i q u i d ,  b u t  t h e  g r a n u l a t o r  c rushes  t h e  g ranu les ,  because 

o f  t h e  smal l  l a y e r  on t h e  massing screen. T h i s  phenomenon e x p l a i n s  

t h e  p r o p o r t i o n  o f  " f i n e  p a r t i c l e s "  i n  t h e  g r a n u l a t e .  

3.2.1.4. I n f l u e n c e  o f  t h e  m i x e r  speed 

The m i x i n g  o f  t h e  powder mass d u r i n g  w e t t i n g  has been 

per fo rmed a t  two d i f f e r e n t  speeds (170  r.p.m. and 220 r .p.m.) .  
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OPTIMAL GRANULATION LIQUID REQUIREMENT 35 I 

Tab le  3 : Granu le  s i z e  a n a l y s i s  o f  t h e  d i f f e r e n t  ba tches .  

250 g BATCH 
SIZE 500 g 750 g 1000 g 

SCREEN 

1000 pm 1.79 % 1 .88 % 3.34 % 2.96 % 

500 pm 59.17 % 73.58 % 83.37 % 85.59 % 

250 pm 19.94 % 9.65 % 3.68 % 2.44 % 

__ - - .  ~~~ 

160 pm 2.64 % 2.15 % 0.73 % 0.99 % 

0 Pm 16.42 % 12.71 % 8.84 % 7.01 % 

I n  b o t h  cases t h e  o p t i m a l  l i q u i d  r e q u i r e m e n t  was a p p r o x i m a t e l y  

t h e  same : t h e  maximum amount o f  p a r t i c l e s  h a v i n g  a s i z e  between 

500 pm and 1000 pm i s  o b t a i n e d  a t  t h e  l ower  speed w i t h  135 m l  and 

a t  t h e  h i g h e r  speed w i t h  140 m l .  It seems t h a t ,  i n  t h a t  range,  

t h e  speed f a c t o r  i s  n o t  e s s e n t i a l  f o r  t h e  l i q u i d  volume de te rm ina -  

t i o n .  The who le  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  g r a n u l e s  o b t a i n e d  

i s  n o t  g i v e n  h e r e  ; f i g u r e  10 o n l y  g i v e s  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  between 500 pm and 1000 pm. It can be seen t h a t  t h e r e  i s  o n l y  

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

a c e r t a i n  d 

t h e  cu rve ,  

5068 % x m l  

x m l  i n  t h e  

f f e r e n c e  i n  t h e  shape o f  t h e  cu rves .  So t h e  a rea  under 

n t h e  l i m i t s  o f  46-140 m l  has been measured : i t  was 

i n  t h e  case o f  t h e  s lower  m i x i n g  speed, and 4571 % 

case o f  t h e  h i g h e r  m i x i n g  speed. T h i s  d i f f e r e n c e  can be 
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yo BETWEEN 500 A N D  

1 o o O D M  

1100 

BATCH S I Z E  ( G )  60 

250 600 750 1000 

FIG : 9 - PARTICLE SIZE BETWEEN 500 AND 1000 yM AS A FUNCTION OF 

BATCH SIZE 

% BETWEEN 500 AND 

1000MM 

100 

51 

MIXER SPEED 
0 170RPM 

0 220RPM 

50 100 150 200 

FIG : 10 - INFLUENCE OF THE MIXERS' SPEED ON THE PARTICLE SIZE 

DISTRIBUTION 
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OPTIMAL GRANULATION LIQUID REQUIREMENT 353 

r e l a t e d  t o  t h e  suspension o f  p a r t i c l e s  i n  t h e  mixer  under h i g h  speed 

: a more u n i f o r m  c o n t a c t  between l i q u i d  and s o l i d  i s  r e a l i s e d  d u r i n g  

w e t t i n g ,  so t h a t  any l o c a l  o v e r - w e t t i n g  i s  avoided. 

3.2.2. Fac to rs  r e l a t e d  t o  o t h e r  dev ices 

F a c t o r s  which are independent o f  t h e  k i n d  o f  mixer  used may 

a l s o  have an i n f l u e n c e  on t h e  r e s u l t i n g  g ranu la tes .  Among them, t h e  

l i q u i d  a d d i t i o n  speed, t h e  massing screen opening, and t h e  m i x i n g  

t i m e  a f t e r  t h e  w e t t i n g  i s  achieved were s tud ied .  

3.2.2.1. L i q u i d  supply  

Granules were prepared w i t h  a l i q u i d  f l o w  r a t e  o f  5q10 and 

20 ml/min. A f t e r  m i x i n g  a t  low speed, g r a n u l a t i o n  and d r y i n g  o f  t h e  

granules,  t h e  p a r t i c l e  s i z e  has been analysed. 

It c o u l d  be seen f rom t h e  power consumption r e c o r d i n g  and 

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  curves t h a t  t h e  l i q u i d  f l o w  r a t e  does 

n o t  have any i n f l u e n c e  on t h e  op t ima l  l i q u i d  q u a n t i t y  requi rement ,  

b u t ,  as i t  was seen p r e v i o u s l y  ( c f .  3.2.1.4.) t h e  area under curve,  

taken between 40 and 140 m l ,  seems t o  be d i f f e r e n t  

( f i g .  11) : 4583 % x m l  a t  5 ml/min ; 5068 % x m l  a t  10 ml/min and 

5394 % x m l  a t  20 ml/min. It seems however t h a t  a k i n d  o f  equ i -  

l i b r  umwould be reached w i t h  h i g h e r  l i q u i d  f l o w  r a t e s  ( f i g .  12 ) .  

Th is  area under curve i nc rease  c o u l d  be r e l a t e d  t o  a l o c a l  over 

w e t t  ng d u r i n g  t h e  f i r s t  s teps o f  g r a n u l a t i o n  m ix ing .  

3.2.2.2. Screen s i z e  

To s tudy t h e  i n f l u e n c e  o f  screen s i z e  opening, t h e  wet mass 

was g ranu la ted  through t h r e e  k i n d  o f  screens : 630 pm, 1000 pm 
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% BE?WEEN 500 AND 

loo0 P M  

STAMM AND PARIS 

1oc 

5c 

FLOW RATE . 20ML/MN 

l O M L / M N  
sML/MN 

GRANULATION LJOUID VOLUME ( h4L) 

SO 100 150 200 

FIG : 11- INFLUENCE OF THE LIQUID FLOW RATE ON THE PARTICLE 

SIZE DISTRIBUTION 

a r e a  under . curve 
- - - - -  - - -  

a - -  
b. 

50. 

hypothetic 
da tar  

45 

40 I f low rate. 
10 20 

50. 

hypothetic 
da tar  

45 

I f low rate. 
10 20 

rnl/rnn) 

FIG : 12 - INFLUENCE OF THE L IQUID FLOW RATE ON THE AERA UNDER PARTICLE 

SIZE CURVE 
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O/,, BETWEEN 500 AND 
1000 /JM 

101 

5( 

SCREEN OPENING 

0 630 P M  

r~ 1000PM 

2000P M 

VOLUME ( M L I  
I 

50 100 150 200 

FIG : - INFLUENCE OF THE SCREEN OPENING ON THE PARTICLE SIZE 

D I STR IBUTI ON 

and 2000 pm. The opt ima 

t i c l e  s i z e  d i s t r i b u t i o n  

g i ves  t h e  percentage o f  

a f u n c t i o n  o f  l i q u i d  vo 

355 

q u a n t i t y  o f  l i q u i d  r e q u i r e d  and t h e  pa r -  

was f a i r l y  d i f f e r e n t  : f o r  example f i g u r e  13 

p a r t i c l e  between 500 pm and 1000 pn as 

ume used. It can be seen t h a t  t h e  most 

i n t e r e s t i n g  g ranu le  s i z e  d i s t r i b u t i o n ,  f o r  t hese  p a r t i c l e s ,  i s  

reached w i t h  t h e  630 pm screen. The main r e s u l t s  o f  these e x p e r i -  

ments a r e  summarized i n  t a b l e  4 : 
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35 6 STAMM AND PARIS 

Tab le  4 : R e s u l t s  o f  t h e  g r a n u l a t i o n s  on v a r i o u s  screen s i z e s .  

Screen Opt ima l  l i q u i d  Percentage o f  Area under c u r v e  
open i ng q u a n t i t y  p a r t  i c 1 e (46-140 m l )  

between 500 and 
1000 pm 

630 pm 135 m l  89,5 % 5068 % x m l  

1000 pm 140 m l  75,O % 4532 % x m l  

2000 pm 165 m l  30,5 % 2593 % x rnl 

The o p t i m a l  l i q u i d  q u a n t i t y  was 140 m l  i n  t h e  case o f  

a sc reen o f  1000 pm, and 165 m l  (t 22 % )  i n  t h e  case o f  a sc reen 

o f  2000 pm. The pe rcen tage  o f  p a r t i c l e s  between 500 pm and 1000 pm, 

and t h e  a rea  under t h e  cu rves  showed a l s o  some d i f f e r e n c e s  ; t h e s e  

d i f f e r e n c e s  a r e  w e l l  r e l a t e d  t o  t h e  screen open ing  ( f i g .  1 4 ) .  

The bad r e s u l t s  i n  p a r t i c l e s  between 500 and 1000 pm w i t h  

t h e  2000 pm screen c o u l d  be r e l a t e d  t o  t h e  g r a n u l a t o r  p r e s s u r e  

decrease d u r i n g  wet s c r e e n i n g  

3.2.2.3. M i x i n g  t i m e  a f t e r  t h e  end o f  l i q u i d  a d d i t i o n  

Once t h e  whole q u a n t i t y  o f  l i q u i d  r e q u i r e d  i s  added t o  

t h e  powder m i x t u r e ,  t h i s  m i x t u r e  can e i t h e r  be g r a n u l a t e d  immedia- 

t e l y ,  o r  g r a n u l a t e d  a f t e r  an a d d i t i o n a l  m i x i n g  t i m e .  

The i n f l u e n c e  o f  t h i s  a d d i t i o n a l  m i x i n g  t i m e  has been 

i n v e s t i g a t e d  by r e c o r d i n g  t h e  power consumption d u r i n g  15 m inu tes  

a f t e r  t h e  g r a n u l a t i o n  l i q u i d  a d d i t i o n  was ended. T h i s  s t u d y  was 
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0 1000 P m  percent of particules over 

500 p m as function of 

screen opening 
100 

50 l screen b 

357 

5000 

4000 

3000 

2000 

liquid volume 

( %  m l )  

area under curve as 

function of screen 

opening 

screen 
L 

roo optimal liquid quantity as function 

of screen opening 

1100 screen 
8 

opening ( p m J 1000 

630 1000 
-- 

2000 opening ( 1.1 m )  

FIG : 14 - INFLUENCE OF SCREEN OPENING ON VARIOUS FACTORS 
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watts ,stop 

STAMM AND PARIS 

watts t 

FIG : fi - STUDY OF POWER CONSUMPTION AFTER THE END OF LIQUID ADDITION 

made w i t h  the  d i f f e r e n t  l i q u i d  f low r a t e s ,  and t h e  d i f f e r e n t  mixer 

r o t a t i o n  speeds used p r e v i o u s l y .  The l i q u i d  a d d i t i o n  was stopped 

a t  d i f f e r e n t  stages o f  w e t t i n g .  It cou ld  be seen ( f i g .  15) t h a t  

if t h e  l i q u i d  a d d i t i o n  i s  stopped a t  a q u a n t i t y  under 120 ml/kg, 

t h e  power consumption o f  t h e  mixer  increases a f t e r  t h e  l i q u i d  

a d d i t i o n  has ceased. This  i n d i c a t e s  t h a t  w i t h  l e s s  than 120 m l  
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OPTIMAL GRANULATION LIQUID REQUIREMENT 35 9 

(approx.  10 % under t h e  op t ima l  q u a n t i t y )  t h e  wet mass i s  n o t  

p e r f e c t l y  homogeneous ; t h e  homogeneity i s  reached a f t e r  a few 

minutes ; then t h e  power consumption becomes s t a b l e  ( a  p la teau ,  

corresponding t o  a steady s t a t e  i s  reached) .  When t h e  l i q u i d  add i -  

t i o n  i s  stopped a t  a q u a n t i t y  over 120 m l ,  t h e  a d d i t i o n a l  m i x i n g  

does n o t  have any e f f e c t  on t h e  power consumption. T h i s  c o u l d  

be n o t i c e d  w i t h  every l i q u i d  a d d i t i o n  speed ( 5 ,  10, 20 ml /min)  

and w i t h  every m ixe r  speed (170 and 220 r .p .m,) .  So i t  can be 

considered, t h a t  w i t h  a q u a n t i t y  o f  l i q u i d  lower than 90 % o f  

t h e  op t ima l  q u a n t i t y ,  t h e  wet powder m i x t u r e  t o  be g ranu la ted  

i s  no t  homogeneous, and should be mixed f o r  an a d d i t i o n a l  t i m e  

b e f o r e  g r a n u l a t i o n .  On t h e  o t h e r  s ide,  i f  t h e  q u a n t i t y  o f  added 

l i q u i d  i s  more than 90 % o f  t h e  t h e o r i t i c a l  optimum, t h e n  t h e  

m i x i n g  can be stopped immediate ly  o r  con t inued  : t h i s  f a c t o r  

has no i n f l u e n c e  because t h e  mass i s  homogeneously wet ted.  

4 - CONCLUSION 

Th is  work t r i e d  t o  show t h a t  t h e  technique desc r ibed  by 

LEUENBERGER and a l .  f o r  t h e  s tudy o f  wet g r a n u l a t i o n  can be used 

a t  a ve ry  smal l  l a b o r a t o r y  sca le.  

Some f a c t o r s  r e l a t e d  t o  t h e  t ype  o f  mixer  used, as w e l l  as 

t o  t h e  g r a n u l a t i o n  technique can have an i n f l u e n c e  on t h e  op t ima l  

q u a n t i t y  o f  l i q u i d  r e q u i r e d  : some mixers are n o t  convenient  t o  

produce a good power consumption reco rd ing ,  b u t  f o r  a g i ven  t y p e  

o f  mixer,  t h e  v a r i a t i o n s  o f  m i x i n g  speed, o r  ba tch  s i z e ,  do n o t  

a f f e c t  t h e  op t ima l  l i q u i d  q u a n t i t y  de te rm ina t ion .  Only a change 
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360 STAMM AND PARIS 

i n  t h e  g r a n u l a t o r  screen s i z e  leads t o  a r e a l  change i n  t h e  op t ima l  

q u a n t i t y  o f  l i q u i d .  
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