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AB S TRACT 

Lac tose  100  mesh was g r a n u l a t e d  f a s t e r  t h a n  t h e  

350  mesh q u a l i t y .  
Corn s t a r c h  r e q u i r e d  l a r g e  volumes of  g r a n u l a t i n g  

s o l u t i o n .  When agglomera t ing  pu re  co rn  s t a r c h ,  i t s  loss 
on d r y i n g  i n f l u e n c e d  t h e  p r o c e s s .  

S u i t a b l e  l i m i t s  f o r  t h e  end-poin t  d e t e r m i n a t i o n  
when g r a n u l a t i n g  a mix tu re  o f  2 / 3  of lactose 100 mesh 
and 1 / 3  of c o r n  s t a r c h ,  w i th  povidone a s  b i n d e r ,  w e r e  

de te rmined  f o r  t h e  l i q u i d  a d d i t i o n  under  c o n t r o l l e d  

c o n d i t i o n s .  
6 I n  a 4 2 f a c t o r i a l  exper iment ,  t h e  i n f l u e n c e  of 

t h e  p r o c e s s  v a r i a b l e s  on t h e  r e sponse  v a r i a b l e s  w a s  
s t u d i e d .  The former are t h e  main i m p e l l e r  and chopper  

speed;  t h e  method of f l u i d  a d d i t i o n ;  t h e  way of  adding  
t h e  b i n d e r ;  t h e  volume of  g r a n u l a t i n g  l i q u i d  added,  and 
t h e  w e t  massing t i m e .  The r e sponse  v a r i a b l e s  concerned  

are t h e  f r a c t i o n  < 0 . 1 5 0  or  > 2 . 0 0  mm; t h e  g r a n u l e  median 
d i a m e t e r ;  t h e  change i n  t h e  r o t a t i o n  r a t e  of  t h e  i m -  
p e l l e r  s h a f t ;  and h e a t  p r o d u c t i o n  i n  t h e  m a s s .  The 
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388 LINDBERG AND JONSSON 

i m p e l l e r  and chopper  speed ,  t h e  way of adding  t h e  

b i n d e r ,  and t h e  volume o f  g r a n u l a t i n g  s o l u t i o n  t h a t  was 
added, i n f l u e n c e d  a l l  t h e  r e sponse  v a r i a b l e s  s i g n i f i -  
c a n t l y .  However, t h e  dominat ing  v a r i a b l e s  were t h e  

volume of  s o l u t i o n  and t h e  i m p e l l e r  ra te .  Bes ides ,  t h e  
g r a n u l e  median d i ame te r  w a s  i n f l u e n c e d  by t h e  method 
of f l u i d  a d d i t i o n .  A l s o ,  t h e  h e a t  p r o d u c t i o n  d u r i n g  

g r a n u l a t i o n  w a s  i n f l u e n c e d  by t h e  method of  f l u i d  ad- 

d i t i o n  as w e l l  as by t h e  w e t  massing t i m e .  

INTRODUCTION 

Recen t ly ,  a r e p o r t  h a s  been submi t t ed  conce rn ing  
t h e  e f f e c t s  of  p r o c e s s  v a r i a b l e s  d u r i n g  l i q u i d  a d d i t i o n  
wi th  r e g a r d  t o  t h e  g r a n u l a t i o n  of lactose i n  h igh  speed  

mixers. The p o s s i b i l i t y  of de t e rmin ing  t h e  end-poin t  of  

t h e  g r a n u l a t i o n  of lactose on t h e  b a s i s  of  r o t a t i o n -  
r a t e  changes a f f e c t i n g  t h e  main impeller s h a f t  d u r i n g  
t h e  a d d i t i o n  of  t h e  g r a n u l a t i n g  l i q u i d  h a s  l a t e l y  been 

r e p o r t e d ,  too . 

1 

2 

The g r a n u l a t i o n  of a combina t ion  o f  lactose and 
c o r n  s t a r c h ,  w i t h  povidone as b i n d e r ,  w i l l  be s t u d i e d .  

Th i s  means t h a t  t h e  e f f e c t  of  i m p e l l e r  and chopper  

speed ,  t h e  method of f l u i d  a d d i t i o n ,  t h e  d r y  mixing o r  
d i s s o l u t i o n  of t h e  b i n d e r ,  t h e  amount of b i n d e r  s o l u -  
t i o n ,  and t h e  w e t  massing w i l l  be examined. An i n s t r u -  

menta l  method, based  on measuring t h e  r o t a t i o n  r a t e  of  

t h e  i m p e l l e r  motor s h a f t 3 ,  w i l l  be  t e s t e d  i n  t h e  c o u r s e  

of a t t e m p t s  t o  de te rmine  t h e  end-poin t .  A s i e v e  ana ly -  
s is  of t h e  d r i e d  mass, and t h e  measurement of  t h e  h e a t  
p roduc t ion  i n  t h e  w e t  mass, w i l l  a lso be  used  i n  eva lu -  

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

EXPERIMENTAL 

Material s 
6 Lactose  100 mesh', co rn  s t a r c h '  and povidone 

acco rd ing  t o  Tab le  1 .  
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GRANULATION OF LACTOSE AND STARCH 389 

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

C h a r a c t e r i s t i c s  Lac tose  Corn s t a r c h  Povidone 

Geometric mean d i ame te r  101 - 6 2  
by we igh t ,  wn 
Geometric s t a n d a r d  
d e v i a t i o n  

1 . 6  - 1 . 6  

Volume-s r f a c e  mean - 1 4 . 6  - 
d iame te r  , lun 

500 400 Apparent d e n s i t y  , kg/m3 780 
Tap densi ty’ ,  kg/m3 890 730 490 

Y 
8 

When PVP w a s  dry-mixed, water w a s  used as a qranu-  
l a t i n g  f l u i d .  Otherwise ,  PVP s o l u t i o n s  of  1 7 . 2 ,  2 0 . 0  o r  

23.7 % w / w  w e r e  used  as  b i n d e r  s o l u t i o n s  a t  20-22OC. 

I n  t h i s  t empera tu re  r ange ,  t h e  d e n s i t y  of t h e  s o l u t i o n  
3 w a s  1038, 1 0 4 4  o r  1052 kg/m . 

The loss on d r y i n g ”  of t h e  s t a r c h  w a s  8.2 - 9 . 4 %  

excep t  i n  some expe r imen t s  when t h e  m a t e r i a l  w a s  d r i e d  
t o  2 . 4 %  or  humid i f i ed  t o  1 2 . 6 % .  

Granu la t ion  
A l l  expe r imen t s  were performed a t  a degree  o f  f i l l -  

i n g  of  t h e  bowl co r re spond ing  t o  approximate ly  3 6 %  cal-  

c u l a t e d  on b a s i s  of t h e  t a p  d e n s i t y .  

The powder mix tu re  acco rd ing  t o  Table  2 w a s  qranu-  
l a t e d  w i t h  water i n  a r e c o r d i n g  Diosna P25, equipped  

w i t h  a p e r i s t a l t i c  pump and a n o z z l e  of t h e  t w o - f l u i d  

type3  a t  d i f f e r e n t  combina t ions  of main i m p e l l e r  and 

chopper speed.  The r o t a t i o n  r a t e  of  t h e  main i m p e l l e r  
motor s h a f t ,  which w a s  approximate ly  1500 and 3000 rpm 
r e s p e c t i v e l y  d u r i n g  no-load o p e r a t i o n ,  w a s  reduced  i n  

t h e  g e a r  box. Thus, t h e  i d l i n g  speed of  t h e  i m p e l l e r  

w a s  180 and 360 rpm r e s p e c t i v e l y .  The mix tu re  w i t h o u t  
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TABLE 2 
Granule composition 

LINDBERG AND JONSSON 

Component k9 

Lactose 5.44 
Corn starch 2.56 
Povidone 0.25 

PVP was granulated with PVP solutions, but the amount 

of PVP in the granulation was the same in all experi- 
ments. Samples for sieve analysis were frequently with- 
drawn. 

When atomized, the droplet size of the binder 
solution or water was mainly 20-60 pm at a fluid- 
addition rate of 250 ml/min, and mainly 20-100 pm at a 
liquid flow rate of 350 ml/min. A slide with a layer 
of viscous oil” was passed across the spray cone at a 
distance corresponding to the distance between the 
nozzle opening and the powder bed. The droplet size 
was immediately determined in a microscope. 

7.0 kilogrammes of corn starch were granulated 
with a 20 %w/w PVP solution which was added at a flow 
rate of 500 ml/min. Samples for sieve analysis were 
frequently withdrawn. 

A 4 * 26 factorial experiment was designed; see 
Table 3A and B. The granulating liquid was added 
during 4 mins. which meant that the liquid flow rate 
was 250 or 350 ml/min. Thus, the differences with 
regard to process times during the liquid addition 
were avoided. Sampling times were immediately after 
the addition of the liquid, i.e. wet massing time 0, 
and during the kneading 2.5 and 5 mins. after the 
addition of the liquid. 
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392 LINDBERG AND JONSSON 

TABLE 3 B  

Factors and f a c t o r  l e v e l s  

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

L H 

A I m p e l l e r  speed ,  rpm 180 360 

B Chopper speed ,  rpm 2000  4 2 0 0  
C Method of f l u i d  

D Way of adding  t h e  

a d d i t i o n  n o t  a tomized atomized 

b i n d e r  d ry  d i s so l v e d  

E Volume of granu-  
l a t i n g  l i q u i d  
added, 1 1 .o 1.4 

F W e t  massing t i m e ,  mins 0 5 

By means of  a scoop,  samples of approximate ly  

0 . 1  kg were withdrawn from t h e  g r a n u l e  stream i n  t h e  
v i c i n i t y  of t h e  chopper .  The samples were immediately 

d r i e d  i n  a h o t - a i r  oven a t  5OoC. S ieve  a n a l y s e s  of t h e  

d r i e d  samples  were performed through s i e v e s  measuring 

2 . 0 0 ,  1 . 5 0 ,  1 . 0 0 ,  0 . 7 5 0 ,  0 . 5 0 0 ,  0.250 and 0.150 mm . 
The d u r a t i o n  of  t h e  s i e v i n g  p r o c e s s  w a s  2 mins. 

The t empera tu re  of  t h e  mass d u r i n g  g r a n u l a t i o n  was 

measured by means of  d i p p i n g  a t h e r m ~ e l e m e n t l ~  i n t o  t h e  

c i r c u l a t i n g  mass a t  prede termined  i n t e r v a l s .  
Yates’s method of  computing f a c t o r i a l  e f f e c t  

t o t a l s ’  w a s  used a f t e r  l o g a r i t h m i c ’  t r a n s f o r m a t i o n  of  

t h e  d a t a .  The r e s i d u a l  v a r i a n c e  w a s  c a l c u l a t e d  a f t e r  

poo l ing  t h e  r e s u l t s  from 1 0  t r i a l s  of f a c t o r  combina- 
t i o n  LLLHLH and 10 t r i a l s  of t y p e  HHHLHL i n  Table  3 A  and 

B. 

12 

RESULTS AND DISCUSSION 

The g r a n u l a t i o n  of  lactose 

A s  was seen  from F ig .1 ,  t h e r e  w a s  i n i t i a l l y  a 

l a r g e r  r e d u c t i o n  o f  t h e  r o t a t i o n  ra te  o f  t h e  main 
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GRANULATION OF LACTOSE AND STARCH 3 9 3  

IDLING LIQUID ADDITION 
1 2 0  I * * I  

o=o 2 0  4 0  

F I G U R E  1 

Changes i n  t h e  r o t a t i o n  r a t e  of t h e  i m p e l l e r  s h a f t  i n  
comparison t o  d r y  mixing d u r i n g  i d l i n g  and l i q u i d  

a d d i t i o n .  The added amounts of l i q u i d  expres sed  as  

volume p e r  m a s s  ( % v / w ) .  * lactose 1 0 0  mesh 
0 l a c t o s e  350 mesh 
V c o r n  s t a r c h  

i m p e l l e r  s h a f t  i n  r e s p e c t  t o  lactose 1 0 0  mesh as  

compared t o  l a c t o s e  350 mesh, or  t o  co rn  s t a r c h  a t  

a similar degree  of  f i l l i n g .  

Lac tose  100 mesh w a s  more q u i c k l y  g r a n u l a t e d  t h a n  

t h e  350 mesh q u a l i t y  or  s t a r c h .  A f t e r  adding  abou t  
3 %v/w o f  s o l u t i o n ,  g r a n u l e s  w e r e  formed from l a c t o s e  
100 mesh, w h i l e  t h e  350 mesh q u a l i t y  r e q u i r e d  abou t  

7 %v/w and s t a r c h  approximate ly  30 %v/w. Low i m p e l l e r  

speed r e q u i r e d  l a r g e r  volumes of  s o l u t i o n  t h a n  t h e  h igh  
speed ,, 

With r e g a r d  t o  lactose 100  mesh, t h e  f a s t  agglom- 

e r a t i o n  ve ry  soon l e d  t o  a p l a t e a u  on t h e  c u r v e  showing 

t h e  i m p e l l e r  ra te  v e r s u s  t h e  added volume of granu-  

l a t i n g  s o l u t i o n .  
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394 LINDBERG AND JONSSON 

The g r a n u l a t i o n  of  co rn  s t a r c h  
A h i g h e r  s t a r c h  humidi ty  caused  ea r l i e r  changes 

i n  t h e  i m p e l l e r  r a t e ,  changes i n d i c a t i n g  ear l ie r  

g r a n u l e  fo rma t ion  and growth;.  see F ig .  2 .  

During t h e  a d d i t i o n  of t h e  g r a n u l a t i n g  l i q u i d ,  

t h e  p roduc t ion  of  h e a t  w a s  h i g h e r  when u s i n g  s t a r c h  
wi th  a h igh  l o s s  on d r y i n g .  During kneading,  too,  t h e  
h e a t  p roduc t ion  w a s  h i g h e r  w i t h  t h e  humid i f i ed  q u a l i t y .  

However, t h e  g e l a t i n i z a t i o n  t empera tu re  of  c o r n  

s t a r c h 1 6 ,  6 2 - 7 2  C ,  w a s  never  a t t a i n e d .  0 

During w e t  massing,  t h e  t o t a l  amount of water i n  

t h e  mass de termined  whether t h e r e  w a s  t o  be an i n c r e a s e  

o r  d e c r e a s e  i n  t h e  g r a n u l e  median d i ame te r .  When t h e  

loss  on d r y i n g  on t h e  p a r t  o f  t h e  s t a r c h  w a s  normal or  
l o w ,  a d e c r e a s i n g  i m p e l l e r  speed e n t a i l e d  an  a lmos t  
l i n e a r  i n c r e a s e  i n  t empera tu re .  

The g r a n u l a t i o n  o f  lactose and s t a r c h  

The powder mix tu re  acco rd ing  t o  Table  2 w a s  granu- 

l a t e d  w i t h  w a t e r  added a t  a f low r a t e  of  250 ml/min, 
w i thou t  a t o m i z a t i o n  and w i t h  a h igh  chopper  speed ,  and 

a l o w  or h i g h  i m p e l l e r  speed ,  b u t  w i t h o u t  w e t  massing.  

The i n f l u e n c e  of a change i n  t h e  i m p e l l e r  ra te  on t h e  

f r a c t i o n  < 0 . 1 5 0  mm, f i n e s ,  and >2 .00  mm, lumps, as 
w e l l  a s  on t h e  median d i a m e t e r ,  d50%,  i s  seen  i n  
F ig .  3 A  and B,  a t  l o w  and h i g h  i m p e l l e r  speeds .  

I n  Table  4 ,  t h e  change i n  t h e  r o t a t i o n  ra te  of 

t h e  main i m p e l l e r  s h a f t  i s  s t a t e d  a t  d i f f e r e n t  s t a g e s  
d u r i n g  g r a n u l a t i o n .  T h i s  means t h a t  s u i t a b l e  g r a n u l e s  
are o b t a i n e d  a t  a r o t a t i o n  r a t e  change amounting t o  

15-25 rpm a t  a l o w  i m p e l l e r  speed ,  and t o  80-110 rpm 

a t  a h i g h  i m p e l l e r  speed.  These l i m i t s  can be  used f o r  
de t e rmin ing  t h e  end-poin t  d u r i n g  t h e  a d d i t i o n  of water 
under c o n t r o l l e d  c o n d i t i o n s .  
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2 0  4 0  
0 

- 100 

F I G U R E  2 

Changes in the rotation rate of the impeller shaft 
versus volume of added granulating liquid during the 
liquid addition. 

* 
0 
V 

LOD of starch 2 . 4 %  

LOD of starch 9 . 1 %  

LOD of starch 1 2 . 6 %  

mm 
1 . s  

1 

. s  

0 

A z 
100 

'2 
\ 

0 15 3 0  0 80 160 

F I G U R E  3 

Percentage of fines and lumps or granule median 
diameter as a function of the rotation-rate change of 
the impeller shaft at low (A) and high (B) impeller 
speed. 

* (0.150 mm, % 

0 >2.00 mm, % 

V d50%' mm 
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3 96 LINDBERG AND JONSSON 

TABLE 4 

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

S tage  Change of r a t e ,  rpm 

I m p e l l e r  speed:  Low High 

Granule  fo rma t ion  < I 2  < 7 0  
Granule  growth 1 5  - 25 8 0  - 110 
Qverwe t t ing  > 2 6  > I  2 0  

The f i n e  g r a n u l e  f r a c t i o n s  were formed e a r l i e r  
t h a n  t h e  c o a r s e  f r a c t i o n s ,  as  t h e  former reached  t h e i r  

maximal p r o p o r t i o n s  a t  lower volumes of w a t e r ;  see 
Table  5.  The c o a r s e  f r a c t i o n s  a r e  formed from t h e  f i n e  
f r a c t i o n s .  

A s  t h e  f i n e  and medium f r a c t i o n s  were formed a f t e r  
t h e  a d d i t i o n  o f  smaller volumes of  wa te r  a t  a h igh  

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

t h e  g r a n u l e  s i z e ;  see Table  5. 

S i m i l a r  r e s u l t s  were o b t a i n e d  wi th  PVP s o l u t i o n  
and l i q u i d  a t o m i z a t i o n .  

4 2 f a c t o r i a l  exper iment  6 

A s  a c e n t r a l  measure of  g r a n u l e  s i z e ,  t h e  median 

d i ame te r  w a s  used .  F i n e s  and lumps were s u i t a b l e  i n d i -  

c a t o r s  o f  t h e  g r a n u l e  growth17. The change of r o t a t i o n  
on t h e  p a r t  of t h e  i m p e l l e r  s h a f t  d u r i n g  t h e  l i q u i d  
a d d i t i o n L  w a s  used f o r  t h e  purpose  of end-poin t  d e t e r -  

mina t ion  when g r a n u l a t i n g  l a c t o s e  w i t h  g e l a t i n  s o l u t i o n .  
The re fo re ,  t h i s  r e sponse  v a r i a b l e  was s e l e c t e d .  Heat 
was produced d u r i n g  t h e  p r o c e s s .  T h e r e f o r e ,  t h e  t e m -  
p e r a t u r e  of t h e  mass w a s  a l s o  s e l e c t e d  as a r e sponse  

v a r i a b l e .  

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.



GRANULATION OF LACTOSE AND STARCH 397 

TABLE 5 

Added amount of water required for the 
occurrence of maximal proportions on the 
part of different size fractions. 

Granule fraction, Water added, %v/w 
mm 

Impeller speed: Low High 

<0.150 

0.150-0.250 

0.250-0.500 

0.500-0.750 

0.750-1.00 

1 .OO-1 .50 

1.50-2.00 

>2.00 

t 4 . 5  

7 .6  

15.2 

18.2 

18.2 

1 8 . 2  

18.2 

18.2 

<4 .5  

6.1 

13.6 

15.2 

16 .7  

1 8 . 2  

1 8 . 2  

1 8 . 2  

The residual variance, based on log data for 
%<0.150 mm, %>2.00 mm, d 5 0 % ,  difference in the im- 
peller-shaft rate, and mass temperature respectively, 
was 0.00844,  0 .0312,  0 .000783,  0 .00154 and 0 . 0 0 0 2 8 5  

respectively. 
The results of 0 or 5 mins. wet massing in combi- 

nation with the other process variables with regard to 
the response variables are supplied in Table 3 A .  

In Table 6 A and B, the results of the analysis of 
variance are given; 5 mins. wet massing time. 

The results obtained without wet massing were cal- 
culated as a 2 5  factorial experiment; 0 min wet massing 
time. Besides, the results of 2.5 mins. kneading time 

6 were calculated as a 4 ’ 2 factorial experiment. These 
results are also stated in Table 6 A  and B. Data from 
time 0 min are included in the f . 2 experiments. 6 
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400 LINDBERG AND JONSSON 

The r e l a t i v e  o r d e r  of  t h e  F-values  p e r t a i n i n g  t o  
t h e  p r o c e s s  v a r i a b l e s  A-E w a s  s imilar f o r  a L 1  t h e  
r e sponse  v a r i a b l e s  a f t e r  0 ,  2.5 and 5 mins.  kneading .  

F a c t o r s  E and A ,  i .e .  volume of  s o l u t i o n  and 

i m p e l l e r  speed ,  w e r e  predominant  as  compared t o  t h e  
o t h e r  s i g n i f i c a n t  fac tors  i n  r e s p e c t  t o  f i n e s ,  lumps, 

d50% and t h e  d i f f e r e n c e  i n  t h e  i m p e l l e r - s h a f t  ra te .  

Where t h e  p r o d u c t i o n  of h e a t  i n  t h e  mass i s  concerned ,  

however, fac tors  B and F - i .e.  chopper  speed  and w e t  
massing t i m e  - dominated o v e r  t h e  o t h e r  s i g n i f i c a n t  

f a c t o r s .  

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

chopper speed ,  t h e  u s e  of  a dry-mixed b i n d e r ,  and an  
i n c r e a s i n g  amount o f  g r a n u l a t i n g  l i q u i d ,  reduced  t h e  

magnitude b o t h  d u r i n g  l i q u i d  a d d i t i o n  and w e t  massing.  

However, i n c r e a s e d  kneading t i m e  a l so  reduced  t h e  f i n e s  

a f t e r  5 mins.  The i n t e r a c t i o n  DE was n o t  unexpec ted .  
The method of f l u i d  a d d i t i o n  made no d i f f e r e n c e .  

I n c r e a s i n g  i m p e l l e r  and chopper  speed ,  t h e  u s e  of 
a dry-mixed b i n d e r ,  and an i n c r e a s i n g  volume o f  granu-  

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

The e f f e c t  of t h e  method of f l u i d  a d d i t i o n ,  f a c t o r  C ,  

a t  0 min kneading t i m e  w a s  con fus ing .  However, kneading 
reduced t h e  lumps produced when t h e  g r a n u l a t i n g  l i q u i d  

w a s  added w i t h o u t  a t o m i z a t i o n .  

c a l c u l a t e d  as Z 5  or  4 ' 2 

volume o f  l i q u i d  added proved t o  be  t h e  dominat ing  main 

e f f e c t  w i t h  r e g a r d  t o  t h e  0 .150  - 0.250 mm up t o  t h e  

1 . 0 0  - 1 . 5 0  mm f r a c t i o n .  Where t h e  1 . 5 0  - 2 . 0 0  mm f r a c -  
t i o n  w a s  concerned ,  t h e  i m p e l l e r  speed and t h e  volume 
of added s o l u t i o n  w e r e  t h e  dominat ing  main e f f e c t s .  

Th i s  i n d i c a t e s  t h e  importance of t h e  i m p e l l e r  speed f o r  

t h e  growth of  t h e  l a r g e r  g r a n u l e s .  

When t h e  r e s u l t s  of t h e  i n t e r j a c e n t  f r a c t i o n s  were 
6 f a c t o r i a l  expe r imen t s ,  t h e  
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The median d i a m e t e r  w a s  n o t  s i g n i f i c a n t l y  i n f l u -  

enced  u n t i l  a f t e r  5 mins.  o f  kneading .  The domina t ing  

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

i m p e l l e r  speed .  I n c r e a s i n g  volume or speed  i n c r e a s e d  
t h e  d i a m e t e r .  I n c r e a s e d  chopper  speed ,  a dry-mixed 
b i n d e r ,  and knead ing  a l s o  i n c r e a s e d  t h e  g r a n u l e  d i a -  

meter. The many i n t e r a c t i o n s  w e r e  n o t  unexpec ted .  

The g r a n u l e  growth  of  l a c t o s e  w a s  p r i m a r i l y  con- 
t r o l l e d  by t h e  amount o f  b i n d e r  s o l u t i o n  and  t h e  
i m p e l l e r  speed’ .  T h i s  w a s  i n  acco rdance  w i t h  o u r  

r e s u l t s .  
The main e f f e c t s  and  i n t e r a c t i o n s  p e r t a i n i n g  t o  

d i f f e r e n c e s  i n  t h e  r o t a t i o n  r a t e  of t h e  i m p e l l e r  s h a f t  
were s i m i l a r  f o r  0 ,  2 . 5  and  5 mins.  o f  knead ing  t i m e .  
I n c r e a s i n g  i m p e l l e r  and chopper  speed ,  a dry-mixed 

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

s h a f t  . 
The main e f f e c t s  and  i n t e r a c t i o n s  w i t h  r e g a r d  t o  

h e a t  p r o d u c t i o n  d u r i n g  t h e  a g g l o m e r a t i o n  v a r i e d  w i t h  
t h e  l e n g t h  of  t h e  knead ing  t i m e .  With l o n g e r  w e t  
mass ing  t i m e s ,  t h e  i n f l u e n c e  of  t h i s  v a r i a b l e  and o f  

t h e  g r a n u l a t i n g - s o l u t i o n  volume i n c r e a s e d .  I n c r e a s i n g  

i m p e l l e r  and chopper  speed ,  t h e  u s e  of a non-atomized 
g r a n u l a t i n g  s o l u t i o n ,  a dry-mixed b i n d e r ,  a n  i n c r e a s i n g  
volume o f  l i q u i d ,  and  l o n g e r  kneading  t i m e  a l l  i n -  

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

p r o c e s s .  

CONCLUSION 
Because o f  t h e  many s i g n i f i c a n t  main e f f e c t s  o f  

t h e  p r o c e s s  v a r i a b l e s  on t h e  g r a n u l e  s i z e ,  it i s  n e c e s s -  

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

p r o c e s s ,  e s p e c i a l l y  t h e  amount of  g r a n u l a t i n g  l i q u i d  
added and  t h e  i m p e l l e r  speed .  These t w o  p r o c e s s  v a r i -  
a b l e s  - t h e  amount o f  l i q u i d  t h a t  w a s  added ,  and t h e  
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impeller rate - were the most important ones with regard 
to the other response variables, too, with the exception 
of the heat production. The way in which the binder was 
added - whether it was dry-mixed or dissolved - also had 
a significant influence on the granule size. 

The heat production in the mass was especially 
patently affected by the kneading time and the chopper 
speed. 

Under controlled granulation conditions, the end- 
point for liquid addition can be determined by measure- 
ments of the changes in the rotation rate of the main 
impeller shaft, 
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