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ABSTRACT 

T h i s  s t u d y  t r i e d  t o  i n v e s t i g a t e ,  by t h e  power cornsurnption 

t e c h n i  que, t h e  i n f  1 uence of t h e  powder ' s and s o l  v e n t  ' s p r o p e r -  

t i e s  on wet g r a n u l a t i o n .  

It c o u l d  be shown t h a t  t h e  r e q u i r e d  amount o f  g r a n u l a t i o n  

l i q u i d  decreases when t h e  p a r t i c l e  s i z e  o f  t h e  powder t o  be 

g r a n u l a t e d  i n c r e a s e s .  T h i s  r e 1  a t i o n s h i  p i s  however o n l y  t r u e  

when 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  o f  t h e  powder t o  be granu-  

l a t e d  i s  r a t h e r  narrow.  
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362 PARIS AND STAMM 

Powders hav ing  t h e  same s o l u b i l i t y  i n  d i f f e r e n t  so l ven ts  

r e q u i r e  t h e  same opt ima l  l i q u i d  q u a n t i t y  f o r  g r a n u l a t i o n ,  bu t  t h e  

p r o p e r t i e s  o f  r e s u l t i n g  granu les  depend on sur face  t e n s i o n  and 

w e t t i n g  p r o p e r t i e s  o f  t h e  s o l v e n t .  

When t h e  powder t o  be g ranu la ted  con ta ins  c r y s t a l  1 i s a t i o n  

water ,  t h e  temperature r i s i n g  i n  t h e  mixer  can be s u f f i c i e n t  t o  

l i b e r a t e  t h i s  water ,  which must be taken i n t o  account i n  t h e  

op t ima l  g r a n u l a t i o n  l i q u i d  requ i rement .  

The e f f e c t  o f  a macromolecular b inde r  (PVP,  H P M C )  has 

a l s o  been s tud ied  : t h e  op t ima l  l i q u i d  q u a n t i t y  r e q u i r e d  changes 

w i t h  t h e  k i n d  o f  b inde r  used and t h e  manufac tur ing  process ( b i n -  

der  used i n  s o l u t i o n  o r  added as d r y  powder) .  

It was a l so  shown t h a t  i n  t h e  case o f  l ac tose ,  t h e  o p t i -  

mal q u a n t i t y  o f  PVP o r  HPMC can be determined f rom t h e  power 

consumption records  and f r o m  t h e  granu les  f r i a b i l i t y  s tud ies  

INTRODUCTION 

I n  a p rev ious  work ( 1 1 ,  i t  has been shown t h a t  t h e  o p t i -  

mal q u a n t i t y  o f  l i q u i d  r e q u i r e d  f o r  g r a n u l a t i o n  can be s tud ied  by 

t h e  m i x e r ' s  power comsumption techn ique even on a very  small  

ba tch .  It has a l so  been shown t h a t  t h i s  q u a n t i t y  o f  l i q u i d  i s  

r a t h e r  independent o f  t h e  techno log ica l  f a c t o r s  d u r i n g  granu la-  

t i o n  : o n l y  t h e  screen s i z e  mod i f i es  s i g n i f i c a n t l y  t h e  q u a n t i t y  

o f  1 i qu id  r e q u i r e d .  
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ENERGY CONSUMPTION MEASUREMENT 363 

I n  t h e  present  work, t h e  i n f l u e n c e  o f  t h e  t ype  o f  powder 

t o  be granu la ted ,  and t h e  k i n d  o f  so l ven t  used has been s tud ied .  

The g r a n u l a t i o n  process i s  based on a t t r a c t i  ve f o r c e s  

between p a r t i c l e s .  L i q u i d  b r i dges  are formed, and t h e  cohesive 

f o r c e s  between p a r t i c l e s  can be descr ibed by t h e  equat ion  g iven 

by RUMPF and a l .  ( 2 )  : 

1 1  X 

4 
HF=a.T. s inB x.  s i n  (Bt6)  t (- - - ) . - . s i n  B 

R1 R 2  

where - a i s  t h e  sur face  t e n s i o n  o f  t h e  g r a n u l a t i o n  l i q u i d  

x t h e  p a r t i c l e  d iameter  

R t h e  cen te r  angle 

6 t h e  w e t t i n g  angle 

R1  t h e  r a d i u s  o f  t h e  concaveness 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 n g t h  o f  t h e  minimal w i d t h  o f  t h e  b r idge .  

Th is  equat ion  i s  based on t h e  phys i ca l  p r o p e r t i e s  o f  t h e  

powder and t h e  g r a n u l a t i o n  l i q u i d .  

For these reasons, i t  seemed i n t e r e s t i n g  t o  t r y  t o  f i n d  a 

p r a c t i c a l  r e l a t i o n s h i p  between t h e  powder's and l i q u i d ' s  

p r o p e r t i e s ,  and 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 ,  measured 

by t h e  power consumption technique.  

Among t h e  f a c t o r s  which can be s tud ied ,  t h e  most easy t o  

i n v e s t i g a t e  are t h e  p a r t i c l e  s i z e  (XI, w e t t i n g  (6) and su r face  

t e n s i o n  ( a ) .  
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364 PARIS AND STAMM 

MATERIALS AND METHODS 

I n  o rde r  t o  s tudy t h e  i n f l u e n c e  o f  t h e  s o l u b i l i t y  and 

p a r t i c l e  s ize,  d i f f e r e n t  c r y s t a l  l i n e  powders have been used 

f o r  g r a n u l a t i o n  : lac tose ,  a v a i l a b l e  on t h e  market i n  d i f f e r e n t  

p a r t i c l e  s ize ,  b o r i c  ac id ,  z i n c  su lphate  and potass ium c i t r a t e  

( t a b l e  1 )  : these produc ts  were chosen e i t h e r  t o  s tudy t h e  i n f l u -  

ence o f  p a r t i c l e  s i z e  ( l a c t o s e ) ,  o r  t o  s tudy t h e  i n f l u e n c e  o f  

t h e  s o l u b i l i t y  ( z i n c  su lphate  and potass ium c i t r a t e  show t h e  

I w a t e r ) ,  o r  t o  s tudy t h e  i n f l u e n c e  o f  t h e  

b o r i c  a c i d  has t h e  same s o l u b i l i t y  i n  water  

same s o l u b i l i t y  i 

k i n d  o f  so l  ven t  

and i n  a lcoho l  1.  

Po tass i  um c i t r a t e  was used i n  a m i l l e d  and u n m i l l e d  

form. I n  f a c t  ( t a b l e  1 )  m i l l i n g  does no t  change t h e  mean p a r t i -  

c l e  s ize ,  bu t  m o d i f i e s  o n l y  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 ,  

due t o  t h e  shape o f  t h e  o r i g i n a l  c r y s t a l s .  

As g r a n u l a t i o n  l i q u i d s ,  t h e  most common used so l ven ts  

were s t u d i e d  : water  and a l coho l .  

B inders  w ich  are used i n  g ranu le  manufac tur ing  are  very  

numerous : n a t u r a l  macromolecules ( g e l a t i n ,  gums,. . . . I ,  semi- 

s y n t h e t i c  ones ( c e l l u l o s e  d e r i v a t i v e s ,  . . . . )  o r  s y n t h e t i c  

p roduc ts  (PVP, .... ) .  Among them, o n l y  two were s t u d i e d  : PVP 

and hydroxypropy lmethy lce l  l u l o s e  (Pharmacoat 606 1. R 

The g r a n u l a t i o n  process was s t u d i e d  by t h e  power 

consumption techn ique and p a r t i c l e  s i z e  ana lys i s ,  as descr ibed 
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ENERGY CONSUMPTION MEASUREMENT 365 

L a c t o s e  

, " i m p a l p a b l e "  

Table I : C h a r a c t e r i s t i c s  o f  t h e  s t u d i e d  p r o d u c t s .  

I 

20 pm(1) 

Sol  u b i  1 i t y  
S u p p l i e r  

s i z e  

I I " f i n e  
~ powder" 

0.200 g/ml 

1 " e x t r a  f i n e  1 115 
j c r y s t a l s "  
~ 

1 
I 

, 
- I 

I __I__ 

B o r i c  ' 80 pm(2) I 0.055 g/ml 
a c i d  

Z i n c  
s u l  p h a t e  
( ZNS04, 7H20) 
m i  1 l e d  

P o t a s s i  um 
c i  t r a t e  

( C6H5K3073H20 

unmi 11 ed  

m i  1 l e d  

1 
! 

120 um(2)  : 1.66 g/ml 

1.66 g/ml 

H.M.S.  
(N.L.) 

. -.. 

0.055 g/ml Lambert  
R i  v i e r e  

( F )  - 

' Merck 
(D) 

Merck 
( D )  

(1) p a r t i c l e  s i z e  measured b y  mic roscopy  
( 2 )  p a r t i c l e  s i z e  measured b y  s c r e e n i n g  
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366 PARIS AND STAMM 

i n  a p r e v i o u s  work ( 1 ) .  Unless o t h e r w i s e  s p e c i f i e d ,  t h e  

exper iments  were made on 1000 g ba tches ,  w i t h  a m i x e r  speed o f  

170 rpm and a l i q u i d  f l o w  r a t e  o f  10 m l / m i n .  The wet mass was 

screened t h r o u g h  a 630 p n  screen t o  o b t a i n  g r a n u l e s ,  and t h e  

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

c l e  s i z e  a n a l y s i s  was made by  s c r e e n i n g  on an Erweka v i b r a -  

screen s e r i e .  F r i a b i l i t y  o f  t h e  g r a n u l e s  was ana lysed by  

ng on a T u r b u l a  m i x e r  d u r i n g  15 m i n u t e s  a t  90 r.p.m. 10 g o f  

g r a n u l e s  h a v i n g  a s i z e  between 500 and 1000 p. A f t e r  t h i s  

mechanica l  s t r e s s ,  t h e  r e s u l t i n g  g r a n u l e s  were s o f t l y  handscree-  

ned on a 500 prn screen, and t h e  percentage o f  f r i a b i l i t y  Pf was 

c a l  c u l  a ted .  

P a r t i c u l e  s i  ze a n a l y s i s  and f r i  a b i  1 i t y  t e s t s  were 

r e p e a t e d  3 t i m e s  on each b a t c h .  

RESULTS 

3.1. Influence o f  particle size 

Lactose o f  d i f f e r e n t  p a r t i c l e  s i z e s  has been g r a n u l a t e d  

w i t h  w a t e r .  The power consumpt ion r e c o r d s  as a f u n c t i o n  of t h e  

q u a n t i t y  o f  water  added show some d i f f e r e n c e s  w i t h  p a r t i c l e  s i z e  

i n c r e a s e  ( F i g u r e  1 )  : The f i r s t  peak becomes lower ,  and a second 

p l a t e a u  appears.  The o p t i m a l  l i q u i d  q u a n t i t y ,  c a l c u l a t e d  f r o m  

t h e s e  r e c o r d i n g s  are  a l s o  m o d i f i e d  ( T a b l e  2 )  : t h i s  q u a n t i t y  o f  

l i q u i d  d i m i n i s h e s  when t h e  p a r t i c l e  s i z e  i n c r e a s e s .  The o b t a i n e d  

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.



ENERGY CONSUMPTION MEASUREMENT 367 

watts  I 

'. 
l iauid 
volume 

+ 

C 

Figure 1 : Power consumption records of lactoses of various 
particle sizes (A = "impalpable" - B = "fine pow- 

der" - C = "extra fine c rys ta l s" )  
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368 PARIS AND STAMM 

t 

Table 2 : Opt ima l  l i q u i d  q u a n t i t i e s  as a f u n c t i o n  o f  

powder p a r t i c u l e  s i z e .  

P o t a s s i  um 
c i  t r a t e  
1000 g 

m i l l e d  unmi 1 1 e d  

Op t ima l  
l i q u i d  2% m l  35 m l  
q u a n t i t y  

I 

r e s u l t s  seem i n  good f i t  w i t h  t h e  Rumpf 's  c o h e s i v e  f o r c e  equa- 

t i o n  : t h e  cohes ive  f o r c e  i n c r e a s e s  when t h e  p a r t i c l e  s i z e  

i n c r e a s e s ,  so t h e  q u a n t i t y  o f  l i q u i d  needed d i m i n i s h e s .  An o t h e r  

e x p l a n a t i o n  can be r e l a t e d  t o  t h e  t o t a l  s u r f a c e  area o f  t h e  

powder : w i t h  t h e  p a r t i c l e  s i z e  i n c r e a s e ,  t h e  s u r f a c e  a rea  
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ENERGY CONSUMP T I  ON MEASUREMENT 36 9 

decreases,  so t h e  q u a n t i t y  o f  l i q u i d  needed t o  c r e a t e  bonds 

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

The q u a n t i t y  o f  l i q u i d  r e q u i r e d  f o r  g r a n u l a t i o n  i s  a 

s t r a i g h t  l i n e  f u n c t i o n  o f  t h e  r e v e r s e  o f  p a r t i c l e  s i z e .  F i g u r e  2 

i n d i c a t e s  t h e  r e l a t i o n s h i p  between p a r t i c l e  s i z e  and o p t i m a l  

l i q u i d  q u a n t i t y  (measured e i t h e r  b y  t h e  power consumpt ion r e c o r d  

o r  by t h e  g r a n u l e  s i z e  a n a l y s i s ) .  T h i s  k i n d  o f  r e l a t i o n s h i p  c o u l d  

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

r e q u i r e d  t o  g r a n u l a t e  a l a c t o s e  o f  any p a r t i c l e  s i z e .  

I n  o r d e r  t o  have a second example o f  t h e  i n f l u e n c e  o f  

p a r t i c l e  s i z e ,  t h e  same exper imen t  has been u n d e r t a k e n  w i t h  

p o t a s s i u m  c i t r a t e  b e f o r e  and a f t e r  m i l l i n g  o f  t h i s  compound. The 

r e s u l t s  o b t a i n e d  w i t h  t h e  power consumpt ion  r e c o r d s  show o n l y  a 

s l i g h t  d i f f e r e n c e  between t h e  m i  1 l e d  and unmi 1 l e d  p r o d u c t  ( t a b l e  

2 ) .  S u r p r i z i n g l y  t h i s  d i f f e r e n c e  was n o t  i n  t h e  same way t h a n  

t h i s  obse rved  w i t h  l a c t o s e  ; h e r e  l e s s  l i q u i d  was needed f o r  t h e  

m i l l e d  p r o d u c t .  Fu r the rmore ,  t h e  v a l u e s  o b t a i n e d  w i t h  t h e  power 

consumpt ion r e c o r d  c o u l d  n o t  be r e l a t e d  w i t h  t h o s e  r e s u l t i n g  f r o m  

t h e  g r a n u l e  s i z e  a n a l y s i s .  

T h i s  s u r p r i z i n g  r e s u l t s  c o u l d  o n l y  be e x p l a i n e d  a f t e r  a 

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

c i t r a t e  b e f o r e  and a f t e r  m i l l i n g  : i n  f a c t  t h e  o r i g i n a l  c r y s t a l  

s i z e  d i s t r i b u t i o n  i s  v e r y  wide, and, a f t e r  m i l l i n g  i n  a b l e n d e r ,  

t h e  mean p a r t i c l e  s i z e  remains unchanged ( t a b l e  11 ,  b u t  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  i s  more u n i f o r m  ( t a b l e  3 ) .  The l i g h t  
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140 

13C 

2c 

11(  

1 O( 

[ q u i d  volume 

0 p a r t i c l e  s i z e  
d i s t r i  but ton 

v a l u e s  

0 r e c o r d i n g  
va lues 

1 
2 .  

0.1 0.2 0.3 0.4 O r 5  

x :  particle s ize  ( p m )  

F i g u r e  2 : R e l a t i o n s h i p  between t h e  p a r t i c l e  s i z e  ( x )  and t h e  

op t ima l  g r a n u l a t i o n  l i q u i d  volume c a l c u l a t e d  f rom 

powder consumption records  ( e l  and f r o m  granu le  

s i z e  a n a l y s i s  (0). 

d i f f e r e n c e  between t h e  Val ues ob ta ined w i t h  m i  11 ed and unmi 11 ed 

p o t  ssium c i t r a t e  can be considered as non s i g n i f i c a n t ,  due t o  a 

var  a t i o n  i n  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  homogeneity. 

So i t  cou ld  be concluded t h a t  a r e l a t i o n s h i p  between 

t h e  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 p a r t i c l e  s i z e  e x i s t s ,  b u t  
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ENERGY CON SLJMPTI ON MEASUREMENT 37 1 

Table 3 : 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  u n m i l l e d  and 

m i l l e d  potass ium c i t r a t e ,  c a l c u l a t e d  f rom 

screen ana lys i  s .  

o n l y  i f  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  i s  r e g u l a r ,  as f o r  

example i n  t h e  va r ious  commercial grades o f  s t u d i e d  1 actoses. 

3.2. Influence o f  solubility 

3.2.1. Study o f  b o r i c  a c i d  

The f i r s t  s tep  o f  t h e  s tudy o f  i n f l u e n c e  o f  s o l u b i l i t y  has 

been made on batches o f  500 g o f  b o r i c  ac id ,  which shows t h e  same 

s o l u b i l i t y  i n  water  and i n  a coho1 (Tab le  1 ) .  The power consumption 

reco rds  ob ta ined  w i t h  water o r  w i t h  a l coho l  have some s i m i l a r i t i e s  

i n  genera l  shape ( f i g u r e  3 ) .  They are a l s o  c l o s e  t o  those ob ta ined 

w i t h  l a c t o s e  ( f i g u r e  1 ) .  The op t ima l  q u a n t i t y  o f  l i q u i d ,  c a l c u l a t e d  

f rom these curves i s  204 ml /kg f o r  water  g r a n u l a t i o n  and 203 ml /kg  

f o r  a l coho l  g r a n u l a t i o n  : these two va lues are i d e n t i c a l  ( t a b l e  4 ) .  
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3 7 2  PARIS AND STAMM 

watts 

WATER 

b 
l iquid volume 

watts T A L C O H O L  

liquid volume 

F i g u r e  3 : Power consumpt ion r e c o r d s  o f  b o r i c  a c i d  g r a n u l a t e d  

w i t h  w a t e r  and w i t h  a l c o h o l .  

The s t u d y  of t h e  g r a n u l e  s i z e  d i s t r i b u t i o n  c u r v e s  as a f u n c t i o n  o f  

l i q u i d  q u a n t i t y  ( f i g u r e  4) i n d i c a t e s  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  205 m l / k g  f o r  w a t e r  g r a n u l a t i o n ,  and 204 m l / k g  f o r  

a l c o h o l  g r a n u l a t i o n .  These d i f f e r e n t  v a l u e s  a r e  i n  good f i t  w i t h  

t h o s e  o b t a i n e d  by power consumpt ion.  
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ENERGY CONSUMPTION MEASUREMENT 

B o r i c  a c i d  

- water  

- a l c o h o l  

Z i n c  s u l f a t e  

373 

1 Power consumpt ion Granu le  s i z e  
r e c o r d s  d i s t r i b u t i o n  

c u r v e s  

204 205 

203 204 

30 30 

Table 4 : Opt ima l  l i q u i d  q u a n t i t i e s  f o r  g r a n u l a t i o n  

o f  b o r i c  a c i d ,  z i n c  s u l p h a t e  and po tass ium 

c i t r a t e  c a l c u l a t e d  f r o m  power consumpt ion 

r e c o r d s  and f r o m  g r a n u l e s  s i z e  d i s t r i b u t i o n  

c u r v e s .  

28 
P o t a s s i  urn I 

c i  t r a t e  45 i 

The g r a n u l e  s i z e  d i s t r i b u t i o n  curves  a l s o  show t h a t  t h e  

area under t h e  c u r v e s  500-1000 pm i s  l a r g e r  i n  t h e  case o f  w a t e r  

g r a n u l a t i o n  t h a n  i n  t h e  case o f  a l c o h o l  g r a n u l a t i o n  ( f i g u r e  4 )  : 

t h e s e  areas are  r e s p e c t i v e l y  4896 % . m l  w i t h  water  and 2715 % . m l  

w i t h  a l c o h o l .  T h i s  r e s u l t  means t h a t  w a t e r  can be c o n s i d e r e d  as a 

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

To e x p l a i n  t h i s  d i f f e r e n c e ,  t h e  w e t t i n g  o f  t h e  c r y s t a l l i n e  

powder by t h e  two s o l v e n t s  has been s t u d i e d  i n  a v e r y  s imp le ,  non 

q u a n t i t a t i v e ,  manner : 100 mg o f  b o r i c  has been g e n t l y  p u t  a t  t h e  
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3 7 4  PARIS AND STAMM 

1 O( 

oi0 b e t w e e n  5 0 0  

and 1000pm 

13 liauid 

(mi )  
40 80 120 160 2'00 volume ' 

Figure 4 : Granule s ize  dis t r ibut ion curves (granules between 
500 and 1000 pn) as a function of liquid volume. 

surface of 50 m l  of water or alcohol. I n  the f i r s t  case t o t a  

immersion o f  the powder needs some seconds. I n  the second case 

wetting and immersion are immediate. 

So the wetting angle ( 6 )  of boric acid with water i s  

higher t h a n  t h i s  of boric acid with alcohol. 

As the surface tension of water i s  also higher than  t h i s  

of alcohol (water : approx.73 dyneslcm ; alcohol : aprox.23 

dynes/cm a t  20°C (31, b o t h  factors  ac t ,  according t o  the Rumpf's 
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ENERGY CON SUMP T I  ON MEASUREMENT 375 

e q u a t i o n ,  t o  produce h i g h e r  cohes ion  f o r c e s  w i t h  water  t h a n  w i t h  

a l c o h o l .  

Fur thermore,  i t  seems t h a t  w i t h  water ,  a s a t u r a t e d  s o l u -  

t i o n  i s  produced around t h e  p a r t i c l e s  t o  be g r a n u l a t e d  ( t h i s  

phenomenon can c l e a r l y  be seen d u r i n g  t h e  immersion t e s t ) ,  and 

t h e  s a t u r a t e d  s o l u t i o n  i s  v e r y  p r o p i t i o u s  f o r  t h e  bond ing  d u r i n g  

g r a n u l a t i o n .  The q u i c k  f o r m a t i o n  o f  a s o l u t i o n  around t h e  b o r i c  

a c i d  p a r t i c l e s  can be demonstrated by  t h e  s t u d y  of t h e  speed o f  

d i s s o l u t i o n  o f  b o r i c  a c i d  : 100 mg o f  b o r i c  a c i d  has been p u t  

i n t o  500 m l  o f  s o l v e n t ,  a l c o h o l  o r  water ,  and t h e  v a r i a t i o n  o f  

t h e  r e s u l t i n g  pH va lues  has been f o l l o w e d ,  under s t i r r i n g  d u r i n g  

24 hours .  The r e s u l t s  o f  t h i s  exper iment  ( f i g u r e  5 )  i n d i c a t e s  

t h a t  t h e  d i s s o l u t i o n  i n  water ,  d u r i n g  t h e  f i r s t  m inu tes  o f  t h e  

exper iment ,  occurs  f a s t e r  t h a n  i n  a l c o h o l .  

The two f a c t o r s  ( w e t t i n g  and speed o f  d i s s o l u t i o n )  can 

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

curves .  

3.2.2. Study o f  z i n c  s u l p h a t e  and po tass ium c i t r a t e  

Z i n c  s u l p h a t e  and po tass ium c i t r a t e  were choosen as 

model substances because t h e y  have t h e  same s o l u b i l i t y  i n  w a t e r  

( t a b l e  1 ) .  

The o p t i m a l  l i q u i d  r e q u i r e m e n t  ( t a b l e  4 )  are,  a c c o r d i n g  

t o  t h e  power consumption t e c h n i q u e ,  30 m l / k g  f o r  z i n c  s u l p h a t e  

and 28 m l / k g  f o r  po tass ium c i t r a t e .  The s t u d y  o f  g r a n u l e  s i z e  
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376 PARIS AND STAMM 

12 'L 
91 

t ime 
- 25 35 45mn "24h 15 

F i g u r e  5 : pH v a r i a t i o n s  d u r i n g  d i s s o l u t i o n  o f  b o r i c  a c i d  i n  

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

d i s t r i b u t i o n  i n d i c a t e s  t h a t  t h e  o p t i m a l  w a t e r  q u a n t i t y  i s  r e s -  

p e c t i v e l y  30 m l / k g  f o r  z i n c  s u l p h a t e  and 45 m l / k g  f o r  p o t a s s i u m  

c i  t r a t e .  

So, t h e s e  two  compounds, h a v i n g  t h e  same s o l u b i l i t y ,  

need a p p r o x i m a t i v e l y  t h e  same amount of w a t e r  t o  produce good 

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

s u l p h a t e  ( f i g u r e  6 )  i n d i c a t e s  t h a t  t h e  g r a n u l a t e s  c o n t a i n  a 

g r e a t  amount o f  p a r t i c l e s  o v e r  1000 pm, as i f  a k i n d  o f  

o v e r - w e t t i n g  c o u l d  have t a k e n  p l a c e .  As t h e  l i q u i d  a d d i t i o n  has 

been made v e r y  s l o w l y ,  and i n  a r e g u l a r  manner, such an 

o v e r - w e t t i n g  cannot  be r e l a t e d  t o  t h e  w a t e r  added f o r  g r a n u l a -  

t i o n .  B u t  t h e  c r y s t a l s  o f  z i n c  s u l p h a t e  c o n t a i n  7 m o l e c u l e s  o f  

w a t e r  ( see  f o r m u l a  t a b l e  11, and a s i m p l e  exper imen t  o f  s t o r i n g  

t h e  c r y s t a l l i n e  powder i n  an oven i n d i c a t e s  t h a t  t h i s  c r y s t a l l i -  

s a t i o n  w a t e r  i s  l i b e r a t e d  a t  a t e m p e r a t u r e  o f  50°C. 
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ENERGY CONSUMPTION MEASUREMENT 377 

1 O( 

5 (  

'/,,OF P A R T I C L E S  

0 500-1000 pm 

0 O V E R  1OOOpm 

Figure 6 : Granule size distribution of zinc sulphate granu- 
les.  

A control o f  the temperature increase i n  the small mixer 

used for this  study showed t h a t  a non negligible temperature 

increase results for the fr ic t ions between particles and the 

mixer (af ter  15 minutes mixing, the temperature a t  the t o p  of 

the powder i n  the mixer i s  30°C - the temperature a t  the bo t tom 

i s  higher, b u t  could  not be recorded accurately i n  the powder 

under mixture) . 
This temperature increase can l iberate some crys ta l l i -  

sation water, and have an influence on the g r a n u l a t i o n  process. 
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3 78 PARIS AND STAMM 

The water  l i b e r a t i o n  cou ld  a l s o  be n o t i c e d  i n  t h e  power 

consumption records  : a f t e r  a d d i t i o n  o f  t h e  op t ima l  q u a n t i t y  o f  

l i q u i d ,  and a d d i t i o n a l  mix ing ,  t h e  base l i n e  changed as i f  

1 i q u i d  had been added. 

I f  t h e  g r a n u l a t i o n  l i q u i d  i s  added q u i c k l y ,  and i n  grea- 

t e r  amount than t h e  t h e o r e t i c a l  optimum, t h i s  phenomenon d i s a -  

ppears : t h e  added l i q u i d  avoids a p a r t  o f  t h e  f r i c t i o n s ,  and 

p i c k s  up t h e  f r e e  se t  heat .  I n  t h i s  case even a d d i t i o n a l  m i x i n g  

does no t  change t h e  base l i ne  drawing. 

3.3. E f fec t  o f  a binder 

A b i n d i n g  agent can be used f o r  g r a n u l a t i o n  e i t h e r  i n  

s o l u t i o n ,  o r  added i n  powder form. I n  t h e  case o f  s o l u t i o n ,  t h e  

b inde r  i s  i n  t h e  " i n t e r n a l  phase" ; i n  t h e  case o f  powder 

a d d i t i o n ,  i t  can be c a l l e d  i n  " e x t e r n a l  phase". Both were s t u -  

d i e d  f o r  ganu la t i on  o f  l a c t o s e  "impa 

3.3.1. Study o f  

P ab 

P . V  

e powder". 

P.  

P.V.P.  has been used i n  fo rm o f  s o l u t i o n s  o f  1 %, 3 % 

and 5 % ( w / v ) .  When 1 % o r  3 % s o l u t i o n  were used, no s i g n i f i -  

can t  d i f f e r e n c e  i n  t h e  power consumption r e c o r d i n g  cou ld  be 

no t i ced .  The op t ima l  l i q u i d  q u a n t i t y  remained unchanged ( t a -  

b l e  5 ) .  

A f t e r  a c o r r e c t i o n  due t o  t h e  d e n s i t i e s  o f  t h e  va r ious  

s o l u t i o n s ,  t h e  op t ima l  q u a n t i t y  o f  water  needed f o r  g r a n u l a t i o n  
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ENERGY CON SUMP TI ON MEASUREMENT 3 79 

Table 5 : Opt imal  l i q u i d  q u a n t i t i e s  f o r  1 kg  l a c t o s e  

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

1 B i n d e r  

PVP s o l u t i o n  
" i n t e r n a l  

phase 'I 

PVP Powder 
"ex  t e r  n a 1 

p h ase 'I 

HPMC s o l u t i o n  
" i n t e r n a l  

phase" 

HPMC Powder 
"ex t e r  n a 1 

phase" 

1 %  

135 m l  

145 m l  

130 m l  

129 m l  

~~ 

I 
3 %  I 5 %  

135 m l  

120 m l  

111 m l  

129 m l  

134 m l  

110 m l  

103 m l  

115 m l  

has been p l o t t e d  as a f u n c t i o n  of t h e  b i n d e r  q u a n t i t y  ( f i g u r e  

7 ) .  T h i s  f i g u r e  shows a s t r a i g h t  l i n e  r e l a t i o n s h i p  between t h e  

o p t i m a l  q u a n t i t y  o f  water  and t h e  q u a n t i t y  o f  d r y  powder ( w / w  

r a t i o  t o  t h e  q u a n t i t y  o f  l a c t o s e  g r a n u l a t e d ) .  By p l o t t i n g  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  as a f u n c t i o n  o f  t h e  r e v e r s e  o f  

b i n d e r  c o n c e n t r a t i o n ,  an a s y m p t o t i c a l  c u r v e  i s  o b t a i n e d  : t h i s  
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380 PARIS AND STAMM 

o p t i m a l  liquid vo lumes ( m l )  1 0 :  x 

140- 0: ' x 
x :  percentage of PVP i n  comparison 

w i t h  the dry  weigh o f  lactose 

F i g u r e  7 : Optimal water volumes as a f u n c t i o n  of t h e  percen- 
tage o f  P V P  used f o r  l a c t o s e  g r a n u l a t i o n .  

curve  cou ld  show t h a t  t h e  minimum q u a n t i t y  o f  PVP needed t o  

r e a l i z e  a g r a n u l a t e  w i t h  l a c t o s e  i s  1/6.75 = 0.148 %. 

A s tudy of t h e  granules f r i a b i l i t y  ( f i g u r e  8 )  shows t h a t  

S w i t h  a 1 

q u a n t i t y  

% PVP s o l u t i o n ,  t h e  f r i a b i l i t y  curve  i s  changed. Th 

corresponds t o  0.135 % dry powder a d d i t i o n  t o  l a c t o s e  

he f r i a b i l i t y  curves a l s o  show t h a t  w i t h  such a sma 1 

q u a n t i t y  o f  PVP t h e  s t r e n g t h  o f  g ranu les  i s  increased,  and an 

use o f  h igher  q u a n t i t i e s  o f  b i n d e r  has o n l y  few e f f e c t s  on 

granu le  s t r e n g t h  inc rease.  
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0 L A C T O S E  A L O N E  

F i g u r e  8 : F r i a l i l i t y  o f  l a c t o s e  g r a n u l e s  p repared  w i t h  P V P  

s o l u t i o n s  o f  v a r i o u s  c o n c e n t r a t i o n .  

So i t  seems t h a t  t h e  p l o t t i n g  o 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  as a f u n c t i o n  o f  t h e  PVP c o n c e n t r a t i o n  ( f i g u r e  7 )  as w e l l  

as t h e  f r i a b i l i t y  measurement g i v e s  s i m i l a r  r e s u l t s ,  and t h e  

o p t i m a l  q u a n t i t y  o f  PVP needed t o  produce good l a c t o s e  g r a n u l e s  

i s  i n  t h e  range  0.135 - 0.148 % (w/w - d r y  powders ) .  

When PVP i s  added i n  powder f o r m  i n s t e a d  o f  s o l u t i o n ,  

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

d i f f e r e n t  ( t a b l e  5 ) .  The p l o t t i n g  o f  t h e  o p t i m a l  l i q u i d  q u a n t i t y  

as a f u n c t i o n  o f  t h e  PVP c o n c e n t r a t i o n  ( f i g u r e  9 )  can be drawn 

e i t h e r  f r o m  t h e  power consumpt ion measurements o r  f r o m  t h e  

g r a n u l e  s i z e  d i s t r i b u t i o n .  B o t h  show t h a t  w i t h  5 % o f  PVP, t h e  

maximum q u a n t i t y  o f  powder wh ich  can be added i s  n o t  reached.  

The f r i a b i l i t y  p l o t  o f  P V P  - l a c t o s e  g r a n u l e s  as a 

f u n c t i o n  o f  t h e  q u a n t i t i e s  o f  wa te r  added ( f i g u r e  10 )  shows t h a t  
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13 

12 

11 

10  

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

r e c o r d i n g  v a l u e s  

% o f  PVP 

1 
0,2 0.4 0,6 0.8 1 X 

i 2 3 i 5 6 " '  

F i g u r e  9 : Optimal l i q u i d  q u a n t i t i e s  as a f u n c t i o n  o f  t h e  PVP 

concen t ra t i on  ( P V P  added i n  powder f o r m ) .  

w i t h  1 % o f  P V P  added i n  powder form, some e f f e c t  on f r i a b i l i t y  

can be observed, bu t  a r e e l  e f f i c i e n c y  o f  t h e  b inde r  i s  on l y  

reached w i t h  3 % o r  5 %. With t h i s  concen t ra t i on  o f  5 %, the 

f r i a b i l i t y  i s  decreased by approx imate ly  50 % i n  a l a r g e  range of 

w e t t i n g  l i q u i d  q u a n t i t i e s  (40 - 80 ml /Kg) .  

3.2.2. Study o f  hydroxy pro  py 1 met hy 1 ce 1 1 u 1 ose 

R Wi th  t h e  use o f  HPCM s o l u t i o n s  (Pharmacoat 606 1, t h e  

r e s u l t s  are d i f f e r e n t  f rom those observed w i t h  P V P  ( t a b l e  5 )  
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100- 

5 0- 

383 

0 lactose alone 

o lactose- PVP 3 S 

0 lactose - PVP 1 '10 F&. * lactose - P V P  5 o/o 

F i g u r e  0 : F r i a b i l i t y  o f  l a c t o s e  w i t h  P V P  

powder form) as a f u n c t i o n  o f  t h e  

used f o r  g r a n u l a t i o n .  

PVP added i n  d r y  

q u a n t i t y  o f  w a t e r  

even w i t h  a 1 % s o l u t i o n  o f  HPCM, t h e  q u a n t i t y  o f  l i q u i d  r e q u i -  

r e d  t o  p repare  g r a n u l e s  i s  d i m i n i s h e d ,  compared t o  t h e  r e q u i r e -  

ment f o r  l a c t o s e  g r a n u l a t e d  w i t h  w a t e r .  It seems f o r  t h i s  reason 

t h a t  HPCM i s  more e f f i c i e n t  t h a n  PVP.  

By p l o t t i n g  t h e  o p t i m a l  q u a n t i t y  o f  w a t e r  as a f u n c t i o n  

o f  b i n d e r  percentage ( f i g u r e  11 1, i t  seems t h a t  t h e  maximum 

q u a n t i t y  o f  HPMC wh ich  can be u s e f u l 1  i s  5 %. T h i s  c o n c l u s i o n  

i s  t h e  same wether  t h e  p l o t t i n g  i s  made f r o m  power consumpt ion 

curves .  d i s t r i b u t i o n  r e c o r d s ,  o r  f r o m  g r a n u l e  s i z e  

The f r i a l i l i t y  p l o t  ( f  

s o l u t i o n  i s  n o t  s u f f i c i e n t  t o  

gure  12)  i n d  c a t e s  t h a t  a 1 % 

decrease t h e  f r i a b i  1 i t y  o f  granu-  

l e s .  Wi th  3 and 5 % s o l u t i o n s ,  t h e  mechanica l  p r o p e r t i e s  o f  

g r a n u l e s  a r e  s i g n i f i c a n t l y  improved.  These r e s u l t s  a r e  i n  good 

f i t  w i t h  t h e  power consumption r e c o r d s  : a s i g n i f i c a n t  change 
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100 

50 

PARIS AND STAMM 

lactose alone 

0 lactose -pharrnacoat 1 

0 lactose - pharmacoat 5 '& 

* lactose. pharmacoat 3 % 

- 

p a r t i c l e  s i z e  

' d i s t r i b u t i o n  v a l u e s  

0 r e c o r d i n g  v a l u e s  

F i g u r e  11 : Op t ima l  q u a n t i t y  o f  w a t e r  needed f o r  g r a n u l a t i o n  o f  

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

F i g u r e  12 : F r i a b i l i t y  o f  l a c t o s e  - HPMC g r a n u l e s  as a f u n c t i o n  

o f  t h e  volume o f  l i q u i d  used. 
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0 l a c t o s e  a l o n e  

385 

F i g u r e  13 : F r i a b i l i t y  o f  l a c t o s e  - HPMC g ranu les  as a f u n c t i o n  

o f  l i q u i d  volume used f o r  g r a n u l a t i o n  (HPMC added 

i n  powder fo rm) .  

i n  t h e  genera l  shape o f  t h e  records  c o u l d  be seen f rom a concen- 

t r a t i o n  o f  3 % HPCM. 

The use of HPCM i n  e x t e r n a l  phase ( d r y  powder) leads  

t o  r e s u l t s  which are very c l o s e  t o  those observed w i t h  PVP,  

b u t  a b i n d i n g  e f f e c t  can be seen w i t h  lower  concen t ra t i ons  : 

t h e  f r i a b i l i t y  curves ( f i g u r e  13)  i n d i c a t e  t h a t  t h e  f r i a b i l i t y  

can be decreased w i t h  1 % o f  powder a d d i t i o n ,  and t h e  b inde r  

seems r e a l l y  e f f i c i e n t  a t  3 %. The use o f  5 % does no t  g i v e  

b e t t e r  r e s u l t s  than 3 %. 

I n  bo th  cases o f  b inde rs  added as powder ( t a b l e  51, 

i t  i s  c l e a r  t h a t  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  f o r  op t ima l  

g r a n u l a t i o n  i s  h i g h e r  than w i t h  cor respond ing  s o l u t i o n s .  Th is  

phenomenon c o u l d  be due t o  t h e  s o l v a t a t i o n  o f  t h e  macromolecu- 
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386 PARIS AND STAMM 

l a r  b inders ,  which need some l i q u i d  b e f o r e  any bonding between 

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

CONCLUSION 

This  s tudy t r i 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  t h e  

powder and so l ven t  p r o p e r t i e s  on t h e  g r a n u l a t i o n  process. 

It cou ld  be shown t h a t  t h e  op t ima l  l i q u i d  requi rement  

depends on numerous f a c t o r s  such as s o l u b i l i t y  o f  t h e  powder 

t o  be granu la ted ,  sur face  t e n s i o n  and w e t t i n g  p r o p e r t i e s  o f  

t h e  g r a n u l a t i o n  so l ven t ,  p a r t i c l e  s i z e  o f  t h e  powder, c r y s t a l l i -  

s a t i o n  water .  

The q u a n t i t y  o f  l i q u i d  r e q u i r e d  a l so  depends on t h e  

k i n d  o f  b r i dges  formed d u r i n g  g r a n u l a t i o n ,  w i t h  o r  w i t h o u t  

t h e  use o f  macromol ecu l  a r  b inders .  

A l though t h e  s tudy  has o n l y  be made on a smal l  l abo ra -  

t o r y  sca le ,  t h e  i n f l u e n c e  o f  many f a c t o r s  cou ld  be i l l u s t r a t e d .  
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