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ABSTRACT 
When process variables controlling the droplet 

size and the distribution of the granulating liquid in 
the powder, i.e. the liquid flow rate, the way of add- 
ing the liquid and the wet massing time, are controlled 
during the granulation of lactose 350 mesh with water 
in a recording laboratory mixer, the amount of water 
added determines the torque of the mixing bowl. The 
torque value can be used as an indication of the 
granule size. 

INTRODUCTION 
In the moist agglomeration process, liquid bridges 

are formed between the solid particles (1). The co- 
hesive force between solid particles originates from 
these liquid bridges. 

When measuring the electric power consumption of 
the mixer motor, or the torque applied to the mixing 
arm, changes in torque and power consumption occur as a 
result of a change in the cohesive force or the tensile 
strength of the agglomerates in the moistened powder 
bed ( 2 ) .  

* Subsidiary to AB Astra, Sweden 
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46 LINDBERG 

The influence of the amount of binder added, and 
of the wet massing time, on the granule properties was 
studied in the case of lactose (3). With regard to 
sucrose, the influence of the fluid-addition rate was 
studied during wet massing (4). 

The granulation behaviour of lactose in a record- 
ing laboratory mixer was the subject of this study, 
where particular attention was given to the influence 
of the amount of liquid added, the fluid-addition rate, 
the way of adding the fluid and the wet massing. 

EXPERIMENTAL 
Equipment 

A domestic-type planetary mixer, Kenwood 707A 
with a bowl capacity of about 7 1, reconstructed and 
equipped with a torque transducer ( 5 ) .  

The granulating solution was added from a gear 
pump with variable flow rate through a nozzle of the 
two-fluid type (5). 
Materials 

Lactose 350 mesh' with a geometric mean diameter 
by weight of 34 pm (geometric standard deviation 1.79), 
apparent density 470 kg/m3 and tap density 780 kg/m3. 

Water of 20 - 22" C as granulating liquid. 
In some experiments, a saturated aqueous lactose 

solution of 20 - 23" C with a density of 1090 kg/m3, a 
surface tension of 59.7 * lom3 N/m and an apparent 
viscosity amounting to 5 .0  mPas was used as granulating 
solution. 
Granulation 

1.0 kg lactose was granulated with water added at 
a flow rate of 19 or 7 6  ml/min, without atomization or 
with atomization, at an air-flow rate of 14 l/min, the 
droplet size being mainly 20 - 100 pm. With the lower 
water-flow rate, there was no extra wet massing. 
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GRANULATION OF LACTOSE 47 

However, w i t h  the  h i g h e r  f low ra te  exper iments  w e r e  

performed both w i t h  and w i t h o u t  w e t  massing.  I n  the 

former case the t o t a l  t i m e  f o r  a d d i t i o n  and w e t  massing 

w a s  the  same as t h e  a d d i t i o n  t i m e  when the low.f low 

rate  w a s  used.  

G r a n u l a t i o n s  were performed wi th  the lactose s o l u -  
t i o n  a t  a f l u i d - f l o w  rate  of 76 ml/min, i n v o l v i n g  a t o m -  

i z a t i o n  both w i t h  and w i t h o u t  w e t  massing.  The a i r - f l o w  

rate  w a s  14 l / m i n ,  and the d r o p l e t  s i z e  w a s  main ly  20 - 
200 pm. 

The g r a n u l a t i o n s  were d r i e d  immediately a t  70" C 

i n  a hot-air oven. 

The d r i e d  g r a n u l a t i o n s  w e r e  d i v i d e d  by coning  and 

q u a r t e r i n g ,  as the s p i n n i n g  r i f f l e r  t echn ique  w a s  i m -  
possible owing t o  the f u n n e l  b e i n g  b locked  by lumps. 

The d r i e d  g r a n u l a t i o n s  of  the v a r i a n t s  w i t h  water con- 

t e n t s  co r re spond ing  t o  3.8, 5 .7 ,  7 . 6 ,  9 . 5 ,  13 .3 ,  17 .1  

and 20.4 v/w %2 i n  undr i ed  c o n d i t i o n  w e r e  s i e v e d  f o r  

2 min w i t h o u t  p reced ing  m i l l i n g  through 2.00, 1 .50 ,  

1 .00,  0.750, 0.500, 0 .250 and 0.150 mm s i e v e s 3 .  A b o u t  
250 g g r a n u l a t i o n  w a s  s i e v e d  each t i m e .  T h e  whole gra- 
n u l a t i o n  w a s  s i e v e d ,  and 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  w a s  c a l c u l a t e d  f o r  the t o t a l  sample. 

i n  an a i r - j e t  s i e v e 4  th rough  45 and 71 pm f o r  2 min. 
1 0  g samples of the f r a c t i o n  < 0.150 nun w a s  s i f t e d  

T o  examine t h e  r e s i s t a n c e  towards abrasion d u r i n g  
s i e v i n g ,  some o f  the exper iments  a t  l o w ,  medium and 

h i g h  l e v e l s  of g r a n u l a t i n g  l i q u i d ,  5 .7 ,  9 . 5  and 17.1  

v/w % r e s p e c t i v e l y ,  were compared a f t e r  2 and 3 min of 
s i e v i n g .  T e s t s  w e r e  performed b o t h  w i t h  w a t e r  and 
lactose s o l u t i o n .  

RESULTS AND DISCUSSION 
S i e v e  a n a l y s i s  

T h e  dominat ing f r a c t i o n s ,  < 0.150 mm and > 2.00 mm, 
were s u i t a b l e  i n d i c a t o r s  o f  the agglomera t ion  process. 
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48 LINDBERG 

There w a s  a cont inuous  decrease of  < 0.150 mm and in-  
crease of  > 2 . 0 0  mm d u r i n g  the agglomera t ion ;  Table 1. 

T h e  f l u i d  a d d i t i o n s  w i t h o u t  a t o m i z a t i o n  and w e t  massing 
w e r e  e x c e p t i o n s  d u r i n g  the g r a n u l e  fo rma t ion  s t a g e .  

N o  b i n d e r  w a s  d i s s o l v e d  i n  the water,  the  purpose  
be ing  t o  avo id  i n f l u e n c e  on i t s  p r o p e r t i e s .  Anyhow, 
there w a s  a d i s s o l u t i o n  of  lactose i n  the w a t e r  d u r i n g  
the g r a n u l a t i o n .  Thus  l a c t o s e  func t ioned  as b i n d e r  i n  

the g r a n u l e s .  
A s h o r t  s i e v i n g  t i m e  w a s  used th roughou t ,  i n  order 

t o  reduce the a b r a s i o n  of the g r a n u l e s .  2 min w a s  a 
s u i t a b l e  s i e v i n g  t i m e  f o r  t h i s  s tudy .  When the s i e v i n g  
t i m e  w a s  i n c r e a s e d  from 2 t o  3 min, there w a s  a de- 

c r e a s e  of  > 2.00 mm and an i n c r e a s e  of  < 0.150 mm; 

Table 2 .  I n  g e n e r a l  the changes of  the d i f f e r e n t  f r a c -  
t i o n s  seemed t o  be independent  o f  l i q u i d  l e v e l ,  f l u i d  

a d d i t i o n  ra te ,  w a t e r  or lactose s o l u t i o n ,  and w e t  mass- 
i n g .  However, there w a s  a tendency  towards less f r i a b l e  
lumps f o r  the h i g h e r  water l e v e l s .  The r e s u l t s  in -  
d ica ted ,  i n t e r  a l i a ,  t ha t  lactose d i s s o l v e d  r a p i d l y  

when water w a s  added and t h a t  it func t ioned  as a 
b i n d e r .  I n  t ha t  way the r e s i s t a n c e  a g a i n s t  the abra- 
s i o n  of the d r i ed  g r a n u l e s  w a s  i n c r e a s e d .  T h e  changes 
w e r e  r e p r o d u c i b l e .  As the w e t  g r a n u l e s  w e r e  immediately 

d r i e d ,  and the d r i e d  g r a n u l e s  w e r e  no t  m i l l e d  b e f o r e  
the s i e v e  a n a l y s i s ,  the  w e t  g r a n u l e  s i z e  can be re- 
p r e s e n t e d  by the d r y  g r a n u l e  s i z e .  

The r e s u l t s  o f  the s i e v e  a n a l y s i s  i n d i c a t e d  tha t  

s m a l l e r  f r a c t i o n s  had the i r  maximal p r o p o r t i o n s  when 
s m a l l  amounts of  w a t e r  w e r e  added, w h i l e  coarser f r a c -  
t i o n s  had t he i r  m a x i m a l  p r o p o r t i o n s  when l a r g e r  amounts 
w e r e  involved;  see Table 3 .  Accordingly  the coarser 
f r a c t i o n s  were formed from the smaller f r a c t i o n s  when 
more water w a s  added. There w e r e  no p r i n c i p a l  d i f f e r -  

ences  i n  the occur rence  of  the max ima l  p r o p o r t i o n  w i t h  
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GRANULATION OF LACTOSE 51 

TABLE 3 
Added m u n t  of w a t e r  required for the occurrence of 
maximal proportions with regard to different s ize  
fractions . 

Water added, v/w % 
Granule 
fraction , Atcmization N o  atanization 

F l m  rate. 
m r&hin: 

> 0.045 
> 0.071 
< 0.150 

0.150 - 0.250 
0.250 - 0.500 
0.500 - 0.750 
0.750 - 1.00 
1.00 - 1.50 
1.50 - 2.00 

> 2.00 

19 76 - 5.7 
7.6 7.6 
3.8 3.8 
9.5 9.5 
13.3 13.3 
17.1 17.1 
17.1 17.1 
17.1 20.4 
17.1 20.4 
20.4 20.4 

76" 
5.7 
5.7 
3.8 
3.8 
13.3 
17.1 
17.1 
17.1 
17.1 
17.1 

19 76 76* - 7.6 5.7 
9.5 9.5 5.7 
5.7 3.8 5.7 
13.3 13.3 9.5 
13.3 13.3 13.3 
17.1 17.1 13.3 
17.1 17.1 17.1 
17.1 17.1 17.1 
17.1 17.1 17.1 
20.4 20.4 17.1 

* W e t  missing. Highest m u n t  of water added 17.1 v/w % 

TABLe4 
Fract im distributictl as percentage at  a w a t e r  level of 
9.5 v/w %, flow rate of 76 ml/min, with and without wet  
massing. T e s t s  repeated 10 t i m e s .  

Fraction d i s t r ibu t im  
Granule 
fraction, w i a o u t  w e t  massing w i t h  w e t  massing 

m 

> 2.00 
1.50 - 2.00 
1.00 - 1.50 
0.750 - 1.00 
0.500 - 0.750 
0.250 - 0.500 
0.150 - 0.250 

< 0.150 

32.8 
6.5 
8.3 
4.2 
4.7 
8.4 
15.9 
19.3 

coefficient 
of varia- 
tion, % 
5.4 
2.9 
2.5 
5.5 
3.3 
3.4 
8.3 
12.4 

m-I 

% 

33 .O 
5.7 
5.8 
2.7 
3.1 
9.7 
23.9 
16.1 

coefficient 
of varia- 
t ion,  % 
8.7 
2.3 
3.4 
4.2 
4.0 
4.5 
5.0 

10.6 
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52 LINDBERG 

r e g a r d  t o  the  f r a c t i o n s  be tween h i g h  and l o w  a d d i t i o n  

rates, a l t h o u g h  the a c t u a l  p r o p o r t i o n s  w e r e  d i f f e r e n t .  

When w a t e r  w a s  added by means o f  a t o m i z a t i o n ,  t he  max- 
i m a l  p r o p o r t i o n  o f  the smaller  f r a c t i o n s ,  < 0.250 mm, 
o c c u r r e d  a t  l o w e r  amounts of w a t e r ,  i r r e s p e c t i v e  of the 

a d d i t i o n  r a t e .  For  the  same f r a c t i o n s  w i t h o u t  a tomiza -  

t i o n  a l a r g e r  volume o f  water w a s  needed.  T h i s  meant 

t h a t  the non-uniform d i s t r i b u t i o n  o f  w a t e r  a t  non- 

a t o m i z a t i o n  d e l a y e d  the  g r a n u l e  f o r m a t i o n .  

When w e t  mass ing  w a s  pe r fo rmed ,  the m a x i m a l  pro- 

p o r t i o n s  f o r  the  s m a l l  f r a c t i o n s  no rma l ly  occurred a t  

lower amounts o f  w a t e r .  Hence, the s m a l l  f r a c t i o n s  
agg lomera ted  more r a p i d l y  i n t o  coarser g r a n u l e s  owing 
t o  the w e t  mass ing .  

Expe r imen t s  a t  a normal w a t e r  l e v e l ,  9 . 5  v / w  8 ,  

w i t h  a f l u i d - a d d i t i o n  ra te  o f  76 ml/min and a tomiza-  
t i o n ,  w e r e  repeated 10  t i m e s  w i t h  and w i t h o u t  w e t  
mass ing .  The greatest  v a r i a t i o n  w i t h  r e g a r d  t o  r e s u l t s  

o c c u r r e d  w i t h  the  i n d i c a t o r  f r a c t i o n s ;  see Table 4 .  

A log-normal  d i s t r i b u t i o n  o f  g r a n u l e s  w a s  n o t  

a t t a i n e d  u n t i l  s o m e  1 7  v/w % water had been  employed - 
a f a r  l a rge r  q u a n t i t y  t h a n  i s  n o r m a l l y  used i n  the pre- 

p a r a t i o n  o f  t ab le t  g r a n u l a t i o n s .  

G r a n u l a t i o n  

T h e  volume o f  w a t e r  added ,  the  f l u i d  a d d i t i o n  ra te ,  
and the way o f  a d d i n g  the  l i q u i d ,  a l l  i n f l u e n c e d  the 

t o r q u e  a t  the b e g i n n i n g  o f  the w a t e r  a d d i t i o n ;  F ig .  1. 

W i t h  the e x c e p t i o n  o f  the  h i g h  f l o w  r a t e ,  w i t h o u t  atom- 

i z a t i o n  and w e t  mass ing ,  t h i s  f i r s t  pa r t  o f  t he  c u r v e s  
ma in ly  r e f l e c t e d  g r a n u l e  f o r m a t i o n ,  b u t  it also showed 

a g l i d i n g  t r a n s i t i o n  t o  g r a n u l e  growth .  High f l o w  r a t e  
w i t h o u t  a t o m i z a t i o n  and w i t h o u t  w e t  mass ing ,  i . e .  l a r g e  

w a t e r - d r o p l e t  s i z e  and non-uniform d i s t r i b u t i o n  o f  
w a t e r  i n  t he  powder,  r e s u l t e d  i n  a d e v i a t i n g  c u r v e .  
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GRANULATION OF LACTOSE 53 

T h i s  v a r i a n t  w a s  t h e  o n l y  one of  s i m i l a r  appearance  as 
t h e  cu rves  of  power consumption v e r s u s  amount of  granu-  

l a t i n g  l i q u i d  acco rd ing  t o  B i e r  e t  a1 ( 6 ) .  During the 

f i r s t  s t a g e  of the cu rves  i n  F i g .  1. there w a s  an in -  

crease e s p e c i a l l y  o f  the f i n e r  f r a c t i o n s .  Th i s  f i r s t  
s t a g e  covered w a t e r  l e v e l s  up t o  a b o u t  7 v/w %, b u t  the 

t r a n s i t i o n  i n t o  the g r a n u l e  growth s t a g e  w a s  de te rmined  
by the process v a r i a b l e s .  

T h e  second p a r t  of the curves  f o r  t o r q u e  v e r s u s  

w a t e r  added d i d  n o t  d i f f e r  s i g n i f i c a n t l y ,  w i t h  the ex- 
c e p t i o n  of 1 3 . 3  v/w % w a t e r ,  h i g h  f low r a t e ,  and e x t r a  
wet massing: F i g .  1. The  e x c e p t i o n  w a s  s i g n i f i c a n t ,  

P < 0.025 u s i n g  a two-sided S t u d e n t ' s  t - t e s t .  Anyhow, 

t h e  main v a r i a b l e  d u r i n g  t h i s  granule-growth s t a g e  w a s  
the  volume of  water added, a l t h o u g h  h i g h  f low rate and 
e x t r a  wet massing d i d  e x e r t  a c e r t a i n  deg ree  of in-  

f l u e n c e .  F r a c t i o n  < 0.150 mm dec reased  and > 2.00 mm 
i n c r e a s e d  d u r i n g  t h i s  s t a g e :  Table 1. The  change w a s  

complex w i t h  r e g a r d  t o  a l l  t h e  f r a c t i o n s ,  b u t  as a r u l e  
t h e  s m a l l  f r a c t i o n s  dec reased  w h i l e  the coarser f r a c -  

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

A f t e r  the a d d i t i o n  of water co r re spond ing  t o  a 
l e v e l  of  abou t  20 v/w % there w a s  a sudden i n c r e a s e  of 

t o r q u e ,  concomi tan t  w i t h  ove rwe t t ing  of  the  m a s s :  
F i g .  1. T h i s  w a s  r e f l e c t e d  i n  the d i sappea rance  of 

< 0.150 mm and a steep increase o f  > 2.00 mm; Table 1. 

The  c o e f f i c i e n t  of v a r i a t i o n  f o r  the t o r q u e  w i t h  

r e g a r d  t o  the  r e p e a t e d  exper iments  i n  Table 4 w a s  1.1 

and 1 . 7  % wi thou t  and w i t h  w e t  massing r e s p e c t i v e l y .  

The cu rves  concern ing  t o r q u e  v e r s u s  volume of  lac- 
tose s o l u t i o n  added w e r e  congruent  t o  the co r re spond ing  

cu rves  for  wa te r ,  w i th  the e x c e p t i o n  o f  the f i r s t  50 m l  

or so, when l a c t o s e  s o l u t i o n  r e s u l t e d  i n  somewhat 
lower torque.  T h i s  d e v i a t i o n  was caused  by the  less 
e f f i c i e n t  a t o m i z a t i o n  of  the l a c t o s e  s o l u t i o n .  
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1 .  25 - 

1 -  

75  - 

. 5  - 

+ / 

1 , 
0 50 100 150 200 

VOLUME O F  WflTER f l D D E D , r n l  

F I G U R E  1 

Relation between torque of the mixing bowl, Nm, and 
volume of water added, ml. 

Sign: Flow rate, ml/min: Atomization: Wet massing: 

* 19 + 19 
76 

A 76 
0 76 v 76 

No 
Yes 
No 
Yes 
No 
Yes 

No 
No 
No 
No 
Yes 
Yes 

When fractions < 0.150 mm and > 2.00 mm were plot- 
ted versus torque, there were non-linear relations: 
Fig. 2A and B. When the droplet size was small and the 
water homogeneously distributed, i.e. low flow rate 
with atomization, or high flow rate with atomization 
with or without wet massing, the relations were dis- 
tinct both during the granule formation and during the 
growth stages. All curves coincided when overmassing 
began. This meant that the torque value can be used as 
an indication of the granule size when process vari- 
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6 0  

4 0  

2 0  

55 

- 
0 - 

- 

A 
F R A C T I O N  < 8 . 1 5 0  m m , %  

l o o  r 
8o t 

+, 

Llv 0'91 Yk 

* %  0 

0 . 3  . 6  .9 1 . 2  1 .5  
TORQUE, Nm 

B 
FRACTION 2 . 0 8  mm,% * 

eo I 
6 0  

4 0  

2 0  

O 

L? 

4 
" * f P  A? V 

0 B 
0 . 3  . 6  . 9  1 .2  1.5 

TORQUE, Nm 

F I G U R E  2 

A F r a c t i o n  .( 0.150 mm, %, v e r s u s  t o r q u e  of the mix ing  
b o w l ,  Nm. 

B F r a c t i o n  > 2.00 mm, % ,  v e r s u s  t o r q u e  of the mix ing  
b o w l ,  Nm. 

T h e  same s i g n s  as i n  F i g .  1. 
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LINDBERG 56 

ables s u c h  a s  the l i q u i d  f low rate ,  the way of  adding  

t h e  l i q u i d  and the w e t  massing t i m e  w e r e  c o n t r o l l e d .  

Under t h e s e  c i r cums tances  the amount o f  water d e t e r -  
mined the g r a n u l e  s i z e .  I n  any case, it must be borne 

i n  mind that  the v a r i a t i o n  i n  g r a n u l e  s i z e  w a s  l a r g e r  

t h a n  the v a r i a t i o n  i n  torque. 

CONCLUSION 
The  t o r q u e  v a l u e  of the mixing b o w l  can be used as 

a n  i n d i c a t i o n  of the g r a n u l e  s i z e  when lactose is gran-  
u l a t e d  w i t h  water under  c o n t r o l l e d  c o n d i t i o n  

FOOTNOTES 

1. DMV, Veghel,  The Ne the r l ands  

2 .  v/w % means volume of g r a n u l a t i n g  l i q u i d  
m a s s  of d r y  powder (9) m u l t i p l i e d  by 100 

m l )  per 

3 .  Labora tory  s i e v i n g  machine t y p e  V i b r o ,  Retsch, Haan 
b. DUsseldorf ,  W e s t  Germany 

4 .  Type 200, Alpine AG, Augsburg, W e s t  Germany 
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