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ABSTRACT 

The e f f e c t s  of b i n d e r  s o l u t i o n s  on qranu.Le s i z e ,  
i n t r a g r a n u l a r  p o r o s i t y  and l i q u i d  s a t u r a t i o n  i i n  a h i g h  

s h e a r  m i x e r  are  examined d u r i n g  t h e  l i q u i d  a d d i t i o n  

phase  of  t h e  g r a n u l a t i o n  p r o c e s s .  The power consump- 

t i o n  p r o f i l e s  of i m p e l l e r  motor a r e  r eco rded .  F i v e  

d i f f e r e n t  b i n d e r s  ( P V P ,  PVP-PVA-copolymer, hydro lysed  

g e l a t i n e  and t w o  H P M C ' S )  a re  i n v e s t i g a t e d .  

The PVP and hydro lysed  g e l a t i n e  produce g r a n u l e s  

w i t h  a h i g h e r  mean g r a n u l e  s i z e .  T h i s  i s  shown t o  be 

due t o  t h e  h i g h e r  d e n s i f  i c a t i o n  caused by t h e s e  bind- 

ers. 

The power consumption p r o f i l e s  f o r  PVP a r e  s i g -  

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

I t  i s  sugges ted  t h a t  t h e  h i g h  power consumption pro-  

f i l e s  are a r e s u l t  of t h e  s t r e n g t h  of  mobile l i q u i d  

bondings caused by t h e  h i g h  s u r f a c e  t e n s i o n  of PVP so- 

l u t i o n s .  

Copyright @ 1986 by Marcel Dekker. Inc. 
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INTRODUCTION 

RITALA ET AL.  

Binding agents are used in tablet formulations in 
order to improve the compressibility of the formulation 
and to improve the mechanical properties of granules 

and tablets. The major concern of the comprehensive 
literature on tablet binders is therefore the dry state 

of granules and the processing of granules into tab- 
lets. Though wet-granulation is an integral part of 
the tabletting process only little attention has been 
paid to the significance of the binder solution to 
granule formation and growth. 

The distribution of the binder within the granules 
prepared by precompressing, wet massing and spray dry- 
ing is investigated by Seager et al. (1). The distri- 
bution of the binder was affected by the process of 
granule manufacture. They present the binder structure 
in granules prepared by the wet massing technique as an 
irregularly shaped sponge-like structure. 

Effects of types and concentrations of binders are 
investigated in fluidized bed granulators ( 2 , 3 ) .  How- 
ever, the results found in a fluidized bed granulator 
are not directly applicable to a high shear mixer be- 
cause in a fluidized bed drying occurs simultaneously 
to wetting and the agitation of the mass is less in- 
tense. The results by Seager et al. (1) also indicate 
that the granule structure might not be the same in 
these two granulators. 

Kristensen et al. ( 4 , 5 )  claimed that the binder 
solution reduces particle interactions and thus facili- 
tates densification of the moist agglomerates with 
effects on liquid saturation and granule growth. They 
found that in this respect a solution of a PVP-PVA- 
copolymer was more efficient than purified water. On 
this basis they suggested that the binder type and its 
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COMPARISON BETWEEN BINDERS 1687 

c o n c e n t r a t i o n  i n  t he  b i n d e r  s o l u t i o n  may h a v e  an  e f f e c t  

on t he  g r a n u l e  g rowth .  

B e l o w ,  a compar ison  be tween f i v e  b i n d e r s  which are  

o f  d i f f e r e n t  chemical n a t u r e  i s  p r e s e n t e d .  T ~ E ?  p u r p o s e  

o f  t h e  i n v e s t i g a t i o n  w a s  t o  s t u d y  whe the r  t h e  b i n d e r  

and i t s  c o n c e n t r a t i o n  i n f l u e n c e s  the g r a n u l e  growth  by 

g r a n u l a t i o n  i n  a high shear m i x e r .  

MATERIALS 

T h e  f o l l o w i n g  f i v e  b i n d e r s  which a re  . r e g u l a r l y  

used  i n  p h a r m a c e u t i c a l  p rac t i se  w e r e  i n v e s t i g a t e d :  a 

polyvinylpyrro1i.done-polyvinylacetate copolymer ( K o l -  

l i d o n  VA64, BASE’), a p o l y v i n y l p y r r o l i d o n e  (Kol.l . idon 90,  

B A S F ) ,  a hydrol tysed g e l a t i n e  (Byco C or P r o t e i n  S ,  

Croda Foods L t d . )  and  t w o  hydroxypropyl-methylcellulose 

b i n d e r s  (Methocel E5 and Methocel E15, Dow Chemicals).  

T h e  b i n d e r s  and t he  c o n c e n t r a t i o n s  used  as w e l t 1  as the  

v i s c o s i t i e s  and the s u r f a c e  t e n s i o n s  o f  t h e  aqueous  

b i n d e r  s o l u t i o n s ;  are  shown i n  Table 1. The object  for 
c h o o s i n g  these c o n c e n t r a t i o n s  w a s  t h a t  t h e  low concen-  

t r a t i o n  o f  eaclh b i n d e r  s o l u t i o n  had  enough b i n d i n g  

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

i n  t h e  d r y  s t a t e  and t h a t  t he  h i g h  c o n c e n t r a . t i o n  w a s  
n o t  too v i s c o u s  t o  pump t h r o u g h  the  n o z z l e  u s e d .  

T h e  b i n d e r  s o l u t i o n s  w e r e  pumped t o  the  n o z z l e  a t  

a t e m p e r a t u r e  of 30 O C .  Calc ium hydrogen  p h o s p h a t e  

( d i c a l c i u m  phosphate) Ph.Eur .  ( A l b r i g h t  & Wilson  L t d .  ) 

w a s  chosen  as s t a r t i n g  ma te r i a l .  T h e  g e o m e t r i c  w e i g h t  

mean d i a m e t e r  w a s  9 .5  ~m d e t e r m i n e d  by the  C o u l t e r  

C o u n t e r 1  t e c h n i q u e .  T h e  d e n s i t y  w a s  2 . 3 4  g/c!rn3 m e a s -  

u r e d  by  Beckman a i r  compar ison  pycnomete r2 .  

~ ~~~ 

1Prducer:  Coulter Caunter Electronics Ltd.  , Coldharbur 
Lane, Harpenden, H e . r t s  (England) 
2Prcducer: Be-, Fullerton, C a l .  (USA) 
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1688 RITALA ET A L .  

TABLE 1 
Concentrations, viscosities and surface tensions of the 
aqueous binder solutions 

Concen- Viscosity Surface tension 
Binder Type trations Pa*s 103 rrNm1 

(3oOC) * (25CC) ** 
Kollidon 90 

Kdlidon VA64 

Protein S 

Methocel E5 

Methocel El5 

PVP 

PVP-m- 
mpolymer 

hydrolysd 
gelatine 

HPMC 

m 

8 
5 
3 

30 
20 
10 

30 
20 
10 

8 
6 
3 

4.5 
3.5 
2 

109 
31 
9 

77 
15 
4 

69 
12 
3 

91 
43 
6 

119 
59 
11 

67 
68 
68 

46 
47 
50 

48 
49 
53 

48 
48 
48 

47 
43 
50 

*) Brakfield viscosimter, Model LVT 
**) Drop-weight method (6). 

EQUIPMENT 

A laboratory-scale high shear mixer, Fielder PMAT 
25 VG3 with a cooling jacket was used for the granula- 
tion experiments. During the process the power con- 
sumption of the impeller motor was recorded by an El-Fi 
power consumption meter4 (7). 

3Producer: T.K. Fielder, Mayflmer Close, Chandlers Ford 
Industrial Estate, Eastlei*t, Haripshire (-land) 
4Producer: El-Fi Innovationer, Box 7125, 25007 
Helsinqbrg (Weden) 
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COMPARISON BETWEEN BINDERS 

METHODS 

1689 

8.0 kg of dicalcium phosphate were used for each 
experiment. Dicalciuv phosphate was sieved through a 
3 0 0  p n  sieve and dry-mixed for a few minutes in the 
Fielder mixer until the power consumption signal had 
stabilized. The experiments were carried out  at two 
rotation speeds of the impeller, 200 and 400 rpm, re- 
spectively. The speed of the chopper was kept constant 
at 3,000 rpm. The liquid addition rate was 150 ml/min. 
The liquid was added by spraying it with a binary noz- 
zle5 in a narrow angle. The mean droplet size was kept 
within the range of 80-120 m. The experiments were 
carried out in 1:he liquid addition phase only. 

Samples of about 330 g were taken after 6, 8.5, 
9.5, 10 .5  and 11 minutes of liquid addition. The ac- 
tual moisture contents were estimated by drying samples 

of 5-10 g to constant weight at room temperature. A 
portion of the sample was tray-dried and 100 g of the 
dried sample were used for sieve analysis (8). The 
geometric mean diameter, dgw and the granule size dis- 
tribution of the granulate were calculated. The liquid 
distribution wam found to be uniform when measured 
according to the method described in (8). 

- 

The 250-1000 pm fractions from the sieve analysis 
were used to determine the intragranular porosity 
of the granules. The porosity was measureld by the 
pycnometric method described before (9). Ordinarily 
the intragranular porosity ( E )  is calculated by the 
f ormu 1 a : 

5Producer: Gustav Schlick GmlS & Co., coburg (FR 
- m y )  
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1690 RITALA ET AL.  

where p is the apparent density of the granules meas- 
ured by mercury and Pt is the true density of the gran- 
ules calculated from the true densities of the ingredi- 
ents (air comparison pycnometer). 

In order to compare porosity values of the gran- 
ules with varying binder concentrations, the porosity 
measurement has been corrected for the volume of binder 
deposited in the granules. This corrected porosity 
value reflects the true porosity of the wet granules 
provided that all the binder is deposited in the pores 
during the subsequent drying. The liquid saturation of 
the granules has then been calculated as the ratio be- 
tween the volume of the binder solution and intragranu- 
lar voids, determined on basis of the corrected poros- 
ity. 

The volume of binder solution has been calculated 
from the loss on drying data. 

The contact angle of the binder solution to dical- 
cium phosphate was measured by the drop-height-method 
(10) and it was found to be close to zero for all the 
solutions presented in Table 1. Since the method is 
inaccurate with low contact angles it is impossible to 
give any precise contact angle data. 

RESULTS AND DISCUSSION 

Granule formation and qrowth 

Impeller speed 

The impeller speed was found to have no effect on 
granule growth in the beginning of the granulation 
process, but at the end of the process a higher geomet- 
ric mean diameter of the granules was achieved at high 
rotation speed. 
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COMPARISON BETWEEN BINDERS 1691 

Due to thLe more intense agitation the granules 
become more compact when using the high impeller speed 
resulting in a higher liquid saturation. The high 

liquid saturation causes the difference in the growth. 
These results are in accordance with the results of 

earlier experiments (8). 

Types of binders 

A comparison of the effect of five binders on 
granule growth is shown in Figure 1. Additional re- 

sults are shown in Figure 5.  

The granule size obtained when using Kolllidon 90 

or Protein S is larger than that obtained using any of 
the three other binders when the volume of binder solu- 
tion exceeds 30%. From the porosity data (Figure 2 )  it 
appears that Kollidon 90 and Protein S result in a 
significantly lower intragranular porosity at the same 
volume of binder solution than the other binders. 

Agglomeration is primarily influenced by the de- 

gree of liquid saturation which is dependent on intra- 
granular porosity and the volume of binder solution. By 
that means the effects of process conditions on the 
granulation process were satisfactorily described (11). 
The porosities start to decrease very rapidly after the 
nucleation phase at binder solution volumes of about 
2 8 - 3 0 % ,  which is the same point where the granule 
growth by coalescence starts. The lower porosities of 
Kollidon 90 and Protein S granules have the effect that 
the granules are saturated with the solution at lower 
volumes of the binder solution, and that causes the 
earlier granule growth seen in Figure 1. In order to 
elucidate the effects of binder type, the mean granule 
size zgw was plotted against the liquid saturation, S 
(Figure 3 ) .  
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1692 RITALA E T  AL. 

h 

800 
5 
k 

v 

15 

w 
N 
H 
[I] 

C-Il 
3 z 

- 600 

w 400 

g 200 
z 

z 2 

I 

25 3 G  35 

binder solution added. Impeller speed 
Protein S 108, o = Kollidon VA64 lo%, A 
3%, = Methocel El5 2%, A = Methocel E5 

FIGURE 1 
Correlation between mean granule size, 

= Kollidon 90, 
3 % .  

5 4  

49 

44 

39 

34 

25 30 35 

% v/v BINDER SOLUTION 

FIGURE 2 
Correlation between intragranular porosity and 8 V/V  

binder solution added. Impeller speed 400 rpm. = 
Protein S 108, o = Kollidon VA64 lo%, A = Kollidon 90 
3%, 0 = Methocel El5 2%, A = Methocel E5 3%. 
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COMPARISON BETWEEN BINDERS 1693 

h 5 500 
v 

400 
la 

w 
H 
u? 

w 
3 

. 
N 300 

Ll 200 

3 " 100 
z 
4 w 
B 

4 0  60 80 100 

S A T U R A T I O N  % 

F I G U R E  3 
E f f e c t  of l i q u i d  s a t u r a t i o n  on g r a n u l e  growth.  I m p e l l e r  
speed 400 rpm. m = P r o t e i n  S l o % ,  o = Koll.i.don V A 6 4  
l o % ,  A = Kol l idon  90 3 % ,  0 = Methocel E l 5  2 % ,  A = 
I le thoce l  E 5  3 % .  

A s  can be seen t h e  d i f f e r e n c e s  between the f o u r  

b i n d e r s ,  Ko l l idon  90 ,  K o l l i d o n  V A 6 4 ,  Ilethocell E 5  and 

Methocel E l 5  have  n e a r l y  d i s a p p e a r e d  i n d i c a t i n g  t h a t  

the d i f f e r e n c e s  shown i n  F i g u r e  1 w e r e  caused  by the  

d i f f e r e n c e s  i n  porosi t ies .  

P r o t e i n  S d i f f e r s  from the o t h e r  binders;  i n  t h a t  
t h e  g r a n u l e s  m a d e  w i t h  any of t h e  P r o t e i n  S b i n d e r  

s o l u t i o n s  are s e e n  t o  grow a t  a l o w e r  l i q u i d  s a t u r a -  
t i o n .  I n  o ther  words P r o t e i n  S needs  less l i q u i d  f o r  

t h e  growth. N o  expe r imen ta l  r e a s o n  for  t h i s  phenomenon 

has been found.  

I n  accordance  w i t h  t h e  growth c u r v e  i n  F i g u r e  3 
the f r a c t i o n  of f i n e s  ( %  g r a n u l e s  < 75 p m )  i s  d e c r e a s -  

i n g  a t  l o w e r  l i q u i d  s a t u r a t i o n s  for  P r o t e i n  S t h a n  f o r  

t h e  o t h e r  b i n d e r s .  I n  F i g u r e  4 Methocel E l 5  is an  ex-  
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1694 RITALA ET AL.  

100 

80 

60 

40 

20 

I 1 

40 60 80 100 

SATURATION % 

FIGURE 4 
Effect of liquid saturation on the amount of fines. 
Impeller speed 400 rpm. = Protein S 30%, 0 = 20%, A = 
10%. 0 = Methocel El5 4.58, o = 3.5%, A = 2%. 

ample of the other binders investigated which all show 
the same tendency of disappearing fines. 

Concentrations of binder solutions 

The effect of the concentration of the binder 
solution on granule growth is most apparent when using 
Protein S solution. The high concentration of a binder 
solution usually results in the largest granule size at 
a certain volume of the binder solution. With the 
solutions of the other binders, Kollidon 90, Kollidon 
VA64, Methocel E5 and Methocel El5 the binder concen- 
tration only has a minor effect on the granule growth 
(Figure 5). 
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COMPARISON BETWEEN EiINDERS 1695 

h 

5 
1200 v . w 

N 
H 
[I) 

KOLLIDON 90 

i 

PROTEIN S 

2 4  29 3 4  24  29 34 

% V/V BINDER SOLUTION 

. METHOCEL E5 METHOCEL El5 KOLLIDON VA64 

$ 200 I 
2 4  29 34 2 4  29 3 4  2 4  2!3 34 z -  

% V/V B I N D E R  SOLUTION 

F I G U R E  5 - 
Correlation between mean granule size, dgw, and % v/v 
binder solution added a t  varying binder concentrations. 
Impeller speed 4100 rpm. = high concentration, 0 = 
middle concentration, A = low concentration. 
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1696 RITALA ET AL.  

Only small differences were seen in the porosities 
of granules obtained at different concentrations of the 
binder solutions. Methocel E 5  exemplifies this in 
Figure 6. The other binder solutions investigated 
behave like Methocel E5 in this respect. 

At a certain volume of the binder solution, how- 
ever, the high concentration gives the lowest porosity 
if the agitation is sufficient. 1.e. the mass is eas- 
ier to densify if the high concentration of a binder 
solution is used. The binder solution thus acts more 
effectively as a lubricant decreasing the particle 
interactions between dicalcium phosphate particles (4). 
Consequently the lower concentration results in the 
largest amount of fines. 

Power consumption 

The power consumption of the impeller motor was 
recorded during addition of the binder solution as 
described in (7). The correlation between the power 
consumption and the granule size at the low concentra- 
tions of the five binder solutions is presented in 
Figure 7. In the beginning of the granulation process 
(nucleation phase) the power consumption increases 
rapidly, but no changes in granule sizes are observed. 
The nucleation causes an increasing cohesiveness of the 
dicalcium phosphate particles (11). The low concentra- 
tion of a binder solution results in higher power con- 
sumption than the high concentration. The lubricant 
effect is more pronounced when using high binder con- 
centrations resulting in lower power consumption. An 
example of this is shown in Figure 8. 

The power consumption curves in Figure 7 show that 
the energy requirements for granulation with Kollidon 
90 are significantly higher than the ones for the other 
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FIGURE 6 
Correlation between intragranular porosity and % v/v 
binder solution. Plethocel E5 binder solution. Impeller 
speed 400 rpm: fl = 8 % ,  0 = 6%, A = 3%. 200 nrpm: 0 = 
8 % ,  0 = 6%, A = 3 % .  

400 
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300 1 
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POWER CONSUMPTION (kW) 

FIGURE 7 
Correlation between mean granule size, dgw, and power 
consumption of impeller motor. Impeller speed 400 rpm. 
rn = Protein S .LO%, o = Kollidon VA64 108, A := Kollidon 
90 3%, = Methocel El5 2%, A = Methocel E5 3 % .  
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. w 
N 
H 
Cn 

15;; , 

POWER CONSUMPTION (kW) 

F I G U R E  8 
Correlation between mean granule size, dgw, and power 
consumption of impeller motor. Impeller speed 200 rpm. 
Elethocel El5 = 4.5%, o = 3 . 5 % ,  A = 2%.  

binder solutions. One probable explanation of this is 
the high surface tension of the binder solutions con- 
taining Kollidon 90. Table 1 shows the surface ten- 
sions of the different binder solutions. The surface 
tension of Kollidon 90 solutions varies from 67 to 68 
mNm-l and for the other solutions from 46 to 53 mNm-l. 
Surface tension probably affects the strength of the 
mobile liquid bondings acting in the moist granules. 
Theref ore the high surf ace tension increases the 
strength of the mobile liquid bondings which leads to a 
high resistance of the wet granules against the agita- 
tion and consequently the power consumption increases. 
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CONCLUSIONS 

There are d i f f e r e n c e s  i n  t h e  g r a n u l e  growth pat-  

t e r n  between the f i v e  b i n d e r s  i n v e s t i g a t e d .  Three o f  

them, K o l l i d o n  VA64, Methocel E5 and Methocel- E l 5  be- 

have  s i m i l a r l y .  By u s i n g  either K o l l i d o n  90 or P r o t e i n  

S t h e  g r a n u l e  growth i s  f a c i l i t a t e d .  I n  t h e  f l u i d i z e d  

bed g r a n u l a t o r  ( 2 , 3 )  Kol l idon  90 w a s  found t o  r e s u l t  i n  

an  enhanced g r a n u l e  growth,  too.  T h e  c o n c e n t r a t i o n  o f  

the b i n d e r  s o l u t i o n  has o n l y  a minor e f f e c t  on the 

g r a n u l e  growth. The e f f e c t  o f  the  c o n c e n t r a t i o n  i s  
m o s t  e v i d e n t  when u s i n g  P r o t e i n  S b i n d e r  s o l u t i o n s .  

When u s i n g  Ko l l idon  90 b i n d e r  s o l u t i o n s  EL s i g n i f i -  

c a n t l y  h i g h e r  p o w e r  consumption o f  t h e  impeller motor 

w a s  r eco rded  compared t o  the o t n e r  b i n d e r  s o l u t i o n s .  

The h i g h  p o w e r  consumption i s  l i k e l y  t o  be caused  by 

the h i g h e r  s u r f a c e  t e n s i o n  of K o l l i d o n  90 s o l u t i o n s  

compared t o  the  s u r f a c e  t e n s i o n s  produced by t h e  o t h e r  

b i n d e r  s o l u t i o n s .  S i n c e  t h e  c o n t a c t  a n g l e s  between t h e  

s o l u t i o n s  and d i c a l c i u m  phosphate w e r e  s m a l l ,  the ef - 
f e c t  of t h e  s u r f a c e  t e n s i o n  may be due t o  e E f e c t s  of 

the s t r e n g t h  of  the m o b i l e  l i q u i d  bondings a c t i n g  i n  
the  m o i s t  g r a n u l e s .  I f  so,  t he  expe r imen t s  demons t r a t e  

a s i g n i f i c a n t  e f f e c t  o f  l i q u i d  bonding s t r e n g t h  on den- 
s i f i c a t i o n  d u r i ~ n g  the  g r a n u l a t i o n  and the  energy  re- 

q u i r e d  t o  o b t a i n  g r a n u l e  growth by c o a l e s c e n s e .  The 
e f f e c t  of s u r f a c e  t e n s i o n  is m o r e  a c c u r a t e l y  dea l t  w i t h  

i n  a subsequen t  paper. 
P r o t e i n  S d i f f e r s  from the o t h e r  b i n d e r s  i n  t h a t  

it g i v e s  r ise to a g r a n u l e  growth a t  a n  e a r l i e r  s t a g e  

o f  the process, i . e .  t h e  P r o t e i n  S s o l u t i o n s  have  a 
h i g h e r  mean g r a n u l e  s i z e  a t  a c e r t a i n  b i n d e r  volume. An 
e x p l a n a t i o n  o f  t h i s  phenomenon might  be that the w e t  

g r a n u l e s  i n  the case o f  P r o t e i n  S are m o r e  a d h e s i v e  due 

t o  the f a c t  tha t  the v i s c o s i t y  o f  P r o t e i n  S s o l u t i o n s  
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is more temperature dependent than the viscosity of the 
other binder solutions. The viscosity of Protein S 

solutions increases rapidly when the temperature is 
decreased because of the starting gel formation. 
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