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SUMMARY 

It is generally known that hydrophobic lubricants such as 

magnesium stearate can have a strong negative effect on the 

binding properties of directly compressible filler-binders. It 

was found that the decrease in binding forces is not only 

dependent on the tablet ingredients and the lubricant 

concentration used, but especially on the mixing time and mixing 

procedure. Most studies were performed, however with small 

laboratory scale mixers. In order to evaluate the effect of 

magnesium stearate admixing in different types of laboratory- 

scale and industrial mixers, the decrease in crushing strength 
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1548 BOLHUIS ET AL. 

was measured f o r  a t e s t  formulat ion du r ing  mixing w i t h  t h e  

l u b r i c a n t  i n  d i f f e r e n t  mixers. The formula used c o n s i s t e d  of 90% 

cy-lactose monohydrate 100 mesh, 9.5% m i c r o c r y s t a l l i n e  c e l l u l o s e  

and 0.5% magnesium s t e a r a t e .  The mixers used were two l a b o r a t o r y  

s c a l e  mixers: a 2 l i t r e  Turbula mixer and a 13 l i t r e  cubic mixer 

and f i v e  production s c a l e  mixers: a 45 l i t r e  drum mixer, 90 

l i t r e ,  200 l i t r e  and 900 l i t r e  p l a n e t a r y  mixers and a 1.000 l i t r e  

V-shaped mixer, r e s p e c t i v e l y .  For t h e  test  fo rmula t ion  used, i t  

was found t h a t  t h e  e f f e c t  of l u b r i c a n t  admixing on t a b l e t  

crushing s t r e n g t h  was s t r o n g l y  dependent on type ,  s i z e  and 

r o t a t i o n  speed of t h e  mixer used. 

When operated a t  t h e  same r o t a t i o n  speed, t h e  dec rease  i n  

crushing s t r e n g t h  was much f a s t e r  f o r  t h e  l a r g e  i n d u s t r i a l  mixers 

than f o r  t h e  small  l a b o r a t o r y  mixers. These d i f f e r e n c e s  were 

explained by d i f f e r e n c e s  i n  shea r  f o r c e s  du r ing  t h e  mixing 

process  and t h e  e f f i c i e n c y  of t h e  mixing procedure.  

For t h e  i n d u s t r i a l  mixers t h e  decrease of t h e  t a b l e t  

crushing s t r e n g t h  a s  an e f f e c t  of l u b r i c a n t  admixing was mainly 

determined by t h e  r o t a t i o n  speed and only t o  a small  e x t e n t  by 

t h e  type and s i z e  of t h e  apparatus .  Moreover no e f f e c t  of load 

could be observed between t h e  m u t u a l  i n d u s t r i a l  mixers used. 

For a p r e d i c t i o n  of t h e  e f f e c t  of l u b r i c a n t  admixing on 

t a b l e t  crushing s t r e n g t h  i n  l a r g e  mixers,  e f f i c i e n t  l a b o r a t o r y  

mixers,  ope ra t ing  a t  high r o t a t i o n  speeds can be used. For t h i s  

purpose a 2 l i t r e  Turbula mixer i s  a va luab le  t o o l  i n  

preformulation work. 

INTRODUCTION 

Magnesium s t e a r a t e  i s  an e f f i c i e n t  l u b r i c a n t ,  t h a t  is  widely used 

i n  t a b l e t  formulat ions.  I t  may, however, have nega t ive  e f f e c t s  

on t a b l e t  s t r e n g t h  (1, 2 )  a s  we l l  a s  on d i s i n t e g r a t i o n  r a t e  ( 2 )  

and drug d i s s o l u t i o n  ( 3 ) .  We previously found t h a t  t h e  

d e l e t e r i o u s  e f f e c t  of using magnesium s t e a r a t e  was not only 
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THE EFFECT OF MAGNESIUM STEARATE A D M I X I N G  1549 

dependent on t h e  t a b l e t  i n g r e d i e n t s  and t h e  l u b r i c a n t  

concen t r a t ion  used, but e s p e c i a l l y  on t h e  mixing t ime and mixing 

procedure ( 4  - 7 ) .  This  e f f e c t  was explained by t h e  formation 

during t h e  mixing process  of a l u b r i c a n t  f i l m .  Th i s  f i l m  

i n t e r f e r e s  both with p a r t i c l e  binding during compaction and wi th  

water uptake of t h e  t a b l e t s  (4, 8 ) .  This  f i l m  i s  a r e s u l t  of 

adhesion t o  t h e  s u b s t r a t e  p a r t i c l e s  of magnesium s t e a r a t e  

molecules,  which a r e  sheared o f f  mechanically from t h e  magnesium 

s t e a r a t e  c r y s t a l s  during t h e  mixing process  (4). The 

d i s t r i b u t i o n  and f i l m  formation of magnesium s t e a r a t e  can be 

c h a r a c t e r i z e d  a s  an ordered mixing process  (9). The e x t e n t  of 

f i l m  formation i s  dependent on t h e  degree of mixing i . e .  mixing 

time and mixing i n t e n s i t y  (5 ,  10,  11). 

I n  c o n t r a s t  t o  t h e  e f f e c t  of magnesium s t e a r a t e  on t a b l e t  

p r o p e r t i e s ,  Ragnarsson and HBlzer showed t h a t  i t s  l u b r i c a t i n g  

e f f i c i e n c y  was only s l i g h t l y  or  not c o r r e l a t e d  t o  t h e  mixing t i m e  

(12, 13) .  They even found t h a t  a s h o r t  mixing t i m e ,  which 

r e s u l t s  i n  a poor d i s t r i b u t i o n  of magnesium s t e a r a t e ,  does not 

impair t h e  l u b r i c a t i o n  e f f i c i e n c y  of t h e  l u b r i c a n t  (12,  11 ) .  For 

t h i s  r eason ,  i n  p r a c t i c e  s h o r t  mixing times a r e  used when 

magnesium s t e a r a t e  i s  mixed wi th  o t h e r  t a b l e t  i n g r e d i e n t s .  

The i n f l u e n c e  of magnesium s t e a r a t e  on t a b l e t  p r o p e r t i e s  has  

been i n v e s t i g a t e d  using d i f f e r e n t  t ypes  of mixers and d i f f e r e n t  

mixing cond i t ions  ( 5 ,  14, 15).  I n  a l l  of t h e s e  s t u d i e s ,  however, 

small  l a b o r a t o r y  mixers were used. Mixing l a r g e  volumes w i t h  t h e  

l u b r i c a n t  when producing t a b l e t s  on a product ion s c a l e  w i l l  

i n c r e a s e  mixing and shea r ing  i n t e n s i t y .  Moreover, it has  been 

shown by Malmqvist and NystrBm (16)  t h a t  t h e  r a t e  a t  which an 

ordered mix i s  formed, i n c r e a s e s  s t r o n g l y  when t h e  b a t c h  s i z e  i s  

inc reased ,  Therefore ,  i t  may be expected t h a t  t h e  formation of a 

magnesium s t e a r a t e  f i l m  during mixing t a b l e t  i n g r e d i e n t s  w i th  t h e  

l u b r i c a n t  proceeds f a s t e r  i n  l a r g e  than  i n  small  s c a l e  mixers and 

w i l l  depend on t h e  type of t h e  mixer used and i t s  r o t a t i o n  speed. 
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1550 BOLHUIS ET AL. 

This means that the tablet properties also will depend on the 

type, size, load and rotation speed of the mixer. 

There are, however, very few reports of the effect of the 

scaling up of the lubricant mixing process on the tablet 

properties. In one recent publication Johansson ( 1 7 )  studied 

the effect of mixing with magnesium stearate on both lubrication 

and tablet properties using three different sized double-cone 

mixers. The results showed that the lubricating effect was not 

affected considerably by an increase in batch size. On the other 

hand, the negative effect of the lubricant on the tablet 

properties was more pronounced. 

Aim of this study was a comparison of the effect of 0.5% 

magnesium stearate on the crushing strength of tablets compressed 

from a directly compressible blend, when lubricant admixing was 

performed in different types and sizes of mixers, operating at 

various rotation speeds. 

MATERIAL S 

A s  a test formulation for the determination of the lubricant 

sensitivity during mixing, a blend of 9.5% microcrystalline 

cellulose (Avicel PH 101, FMC Europe SA, Brussels, Belgium), 90% 

a-lactose monohydrate 100 mesh (lactose Ph. Eur.; DMV, Veghel, 

The Netherlands) and 0.5% magnesium stearate Ph. Ned. VI (Breyer 
Chemie, Venlo, The Netherlands) was used. This combination of 

excipients was chosen because of the combination of excellent 

tableting properties (18)  and the sensitivity of both micro- 

crystalline cellulose and crlactose monohydrate to lubricant 

admixing ( 19  ) . 

R 

EXPERIMENTAL METHODS 

Microcrystalline cellulose and lactose were mixed during 30 min 

in different laboratory scale or production scale mixers. 

The laboratory scale mixers used were a 2 litre Turbula mixer 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



THE EFFECT OF MAGNESIUM STEARATE ADMIXING 1551 

Table I. Type, capacity, load and rotation speed of the mixers 

used 

Mixer and capacity Load Rotation speed 

Turbula 

Cubic 

Drum 

Planetary 

Planetary 

Planetary 

V-shaped 

2 L  0.3 kg 45 rpm, 90 rpm 

13 L 6 kg 20 rpm, 60 rpm 

45 L 20 kg 10 rpm 

90 L 25 kg 25 rpm, 42 rpm 

200 L 100 kg 26 rpm 

900 L 250 kg, 450 kg 10 rpm 

1.000 L 300 kg 22 rpm 

(model 2P, W.A. Bachofen, Basel, Switzerland), and a 13 litre 

cubic mixer (Servipharm, Zwijndrecht, The Netherlands). The 

production scale mixers were a 45 litre drum mixer 

(J. Engelsmann, Ludwigshafen, W-Germany), a 90 litre planetary mixer, 

a 200 litre planetary mixer and a 900 litre planetary mixer, (Mach. 

Collette, Wommelgem, Belgium) and a 1.000 litre V-shaped mixer 

(Mondelaers, Brussels, Belgium). The load and rotation speeds 

used are listed in Table 1. After the addition of 0,5% magnesium 

stearate, the mixing procedure was continued. If not stated 

otherwise, magnesium stearate was sieved through a 1 mm sieve 

before addition to the blend. After 1 ,  2 ,  4, 8, 15 and 30 min 

samples were withdrawn with a grain thief. 

Turbula mixer, however, no samples were taken, but for every 

mixing time a separate blend was prepared. 

When using the 
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1552 BOLHUIS ET AL. 

Turbula mixer 2 L 

ITICAL STRENGTH - - - - - - - - - - _  

I I 1 I 

0 5 10 15 20 25 30 

F i g u r e  1 

From the unlubricated blend and from the blends, mixed €or 

different time periods with magnesium stearate, biconvex 9 mm 

tablets of 300 mg were compressed on a 6-station Korsch P . H .  106 

rotary press (Korsch, Berlin, W-Germany) equipped with one die- 

and-punch assembly and five dummies. The compression load was 

kept constant for all the tablets prepared. 

The tablet crushing strength was measured on a Schleuniger 

4M apparatus (Dr. K. Schleuniger, Ziirich, Switzerland). The data 

are given with a relative standard deviation and are the mean of 

10 measurements. 
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1553 

.. 

0 I 
0 5 10 1 5  20 2 5  30 

MIXING TIME [minl 

F i g u r e  2 

RESULTS AND DISCUSSIONS 
Figure 1 shows the decrease in crushing strength of the 
lactose-microcrystalline cellulose tablets as a function of the 

mixing time with magnesium stearate for a 2 litre Turbula mixer 

at two rotation speeds. When a hardness value of 6 kg is 

arbitrarely chosen as a minimal acceptable level and the time 

after which the crushing strength falls below this level is 

defined as the critical mixing time, one can see that the 

critical mixing times were 1.5 min at 90 rpm and 10.5 min at 45 
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1554 BOLHUIS ET AL. 

0 
0 5 10 15 20 25 30 

MIXING TIME [minl 

F i g u r e  3 

rpm. For a 13 l i t r e  c u b i c  mixer ( F i g .  2 )  t h e s e  times were much 

longe r :  1 7  min a t  60 rpm and even 30 min a t  20 rpm. For  a 45 

l i t r e  drum mixer a t  10 rpm ( F i g .  3 ) ,  t h e  c r i t i c a l  mixi.ng t ime was 

about  9 min. For a 90 l i t r e  p l a n e t a r y  mixer ( F i g .  4) a c r u s h i n g  

s t r e n g t h  of 6 kg was ob ta ined  a f t e r  2 min a t  42 rpm and a f t e r  4 

min a t  25 rpm. For  a 200 l i t r e  p l a n e t a r y  mixer o p e r a t e d  a t  26  

rpm ( F i g .  5 ) ,  t h e  c r i t i c a l  mixing t i m e  was 4 min and f o r  a 

900 l i t r e  p l a n e t a r y  mixer a t  13 rpm ( F i g .  6 )  i t  was 8 min. 

F i n a l l y ,  f o r  a 1.000 l i t r e  V-shaped mixer  ope ra t ed  a t  22 rpm 

(F ig .  71, t h e  c r i t i c a l  mixing time was 3 . 5  min. 
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THE EFFECT OF MAGNESIUM STEARATE A D M I X I N G  1555 

Planetary mixer 90 L 

1 I 

0 5 10 15 20 25  30 

MIXING TIME (minJ 

F i g u r e  4 

I t  can  hence be concluded t h a t  he d e c r e a s e  i n  t a b l e t  

ha rdness  depends on bo th  t h e  t y p e  of t h e  mixer  and i t s  r o t a t i o n  

speed .  I n  Table  11, t h e  l u b r i c a n t  s e n s i t i v i t y  of t h e  t e s t  

f o r m u l a t i o n  i s  d e p i c t e d  bo th  a s  c r u s h i n g  s t r e n g t h  h a l f  l i f e  and 

c r i t i c a l  mixing t i m e .  Crushing s t r e n g t h  h a l f  l i f e  i s  t h e  time i n  

which t h e  c r u s h i n g  s t r e n g t h  i s  ha lved  from 18 down t o  9 kg.  

The d a t a  i n  t h e  Table  i n d i c a t e  t h a t  t h e  c r u s h i n g  s t r e n g t h  h a l f  

l i f e  depends l ess  on bo th  t h e  t y p e  of t h e  mixer  and mixing 
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1556 BOLHUIS ET AL. 

Planetary mixer 200 L 

0 

0 
0 5 10 15 20 25 30 

MIXING TIME (minl 

Figure 5 

condi t ions  than t h e  c r i t i c a l  mixing time does.  Comparing t h e  

f i g u r e s ,  i t  can be seen t h a t  f o r  a l l  t h e  mixers and mixing 

condi t ions  used, a decrease i n  crushing s t r e n g t h  from 18 kg down 

t o  about 10 kg was found wi th in  t h e  f i r s t  m i n u t e  of mixing. 

This s t e e p  decrease i n  crushing s t r e n g t h  during t h e  f i r s t  s t a g e  

of mixing i n d i c a t e s  a rap id  i n i t i a l  sur face  coverage wi th  

l u b r i c a n t .  

formation of magnesium s t e a r a t e  on base m a t e r i a l  can be 

This i s  a consequence of t h e  f a c t  t h a t  t h e  f i l m  
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THE EFFECT OF MAGNESIUM STEARATE ADMIXING 1557 

Planetary mixer QOOL 

- - - - - - - 
I 
0 
3 
U 
0 3 -  

0 I 1 I 

0 5 10 15 20  25 30 

MIXING TIME ( m i d  

F i g u r e  6 

c h a r a c t e r i z e d  by a Langmuir type adso rp t ion  p rocess ,  (10, 20).  

The speed of t h e  f i l m  formation on t h e  e x c i p i e n t  p a r t i c l e s  i s  

a f f e c t e d  by t h e  s i z e  of t h e  magnesium s t e a r a t e  p a r t i c l e s  (21, 

11) .  This can be seen by comparing t h e  e f f e c t  of s i eved  and 

unsieved magnesium s t e a r a t e  i n  F i g u r e  8 .  Using t h e  unsieved 

l u b r i c a n t ,  t h e  magnesium s t e a r a t e  p a r t i c l e s  should desagglomerate 

f i r s t ,  be fo re  they can form a l u b r i c a n t  f i l m  upon s u b s t r a t e  

p a r t i c l e s .  A s  a r e s u l t ,  t h e  decrease i n  c rush ing  s t r e n g t h  i s  
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1558 BOLHUIS ET AL. 

1 I I I 1 I 

0 5 10 15 20 25 30 

MIXING TIME (minl 

F i g u r e  7 

much slower when t h e  magnesium s t e a r a t e  i s  not s i eved  before  t h e  

mixing process.  This r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  work of 

Johansson (22 ) ,  who found l e s s  e f f e c t  of magnesium s t e a r a t e  on 

t a b l e t  crushing s t r e n g t h ,  when t h e  l u b r i c a n t  was used i n  a 

g ranu la r  form. 

Table I1 and t h e  F i g u r e s  1 - 7 po in t  t o  l a r g e  d i f f e r e n c e s  i n  

c r i t i c a l  mixing t imes.  I n  t h e  Figures  9 and 10 t h e  e f f e c t  of 

d i f f e r e n t  mixers,  ope ra t ing  a t  about t h e  same r o t a t i o n  speed a r e  

compared. For speeds between 20 and 26 rpm, i t  can be concluded 

from Figure 9 and Table I1 t h a t  t h e  r a t e  of dec rease  of t a b l e t  
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Table  11. Lubr i can t  s e n s i t i v i t y  w i t h  r e s p e c t  t o  c r u s h i n g  s t r e n g t h  

of t h e  t e s t  fo rmula t ion  f o r  d i f f e r e n t  t y p e s  of mixers 

Mixer and c a p a c i t y  R o t a t i o n  Crushing  s t r e n g t h  C r i t i c a l  mixing 

speed h a l f  -1 i f  e time 

Turbula  2 L 45 rpm 

90 rpm 

Cubic 13 L 20 rpm 

60 rpm 

Drum 45 L 10 rpm 

P l a n e t a r y  90 L 25 rpm 

42 rpm 

P l a n e t a r y  200 L 26 rpm 

P l a n e t a r y  900 L 10 rpm 

V-shaped 1.000 L 2 2  rpm 

1.0 min 

< 1.0 min 

8.0 min 

2 .7  min 

1.0 min 

1.0 min 

< 1.0 min 

2.0 min 

3.3 min 

1.5 rnin 

10 .5  min 

1 . 5  min 

30.0 min 

17 .0  min 

9.0 min 

4.0 min 

2 . 0  min 

3 .8  min 

7.9 min 

3.6 min 

c r u s h i n g  s t r e n g t h  d u r i n g  l u b r i c a n t  admixing was a lmos t  t h e  same 

f o r  t h e  p roduc t ion - sca l e  mixers ,  i . e .  t h e  90 l i t r e  and 200 l i t r e  

p l a n e t a r y  mixers  and t h e  1.000 l i t r e  V-shaped mixer ,  b u t  was much 

s lower  f o r  t h e  13  l i t r e  cub ic  mixer. A s i m i l a r  d i f f e r e n c e  can  be 

seen  i n  F i g u r e  10 between t h e  90 l i t r e  p l a n e t a r y  mixer o p e r a t e d  a t  

42 rpm and t h e  2 l i t r e  Turbula  mixer o p e r a t e d  a t  45 rpm. 

The d i f f e r e n c e s  i n  e f f e c t  of l u b r i c a n t  admixing on t a b l e t  

c r u s h i n g  s t r e n g t h  between t h e  small l a b o r a t o r y  mixe r s  and t h e  
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0 1  1 I I 

0 5 1 0  15 2 0  25 30 
MIXING TIME [minl 

F i g u r e  8 

v 13 L Cubic mixer 20 rpm. 

0 90 L Planetary mixer 25 rpm. 

4 200’ L Planetary mixer 26 rpm. 

A 1000 L V-shaped mixer 22 rpm. 

0 
0 5 10 15 2 0  2 5  30 

MIXING TIME (rninl 

F i g u r e  9 
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18 

I 
I- 12 
0 z 
W 
a: 
I - 9  
v) 

0 
2 
f 6  
v) 
3 
[r 
0 

3 

2 L Turbula mixer 45 rpm. 

90 L Planetary mixer 42 rpm. 

0 1  4 

0 5 10 15 20  25 3 0  

MIXING TIME (rnin) 

F i g u r e  10 

l a r g e  i n d u s t r i a l  mixers ,  when o p e r a t e d  a t  about  t h e  same r o t a t i o n  

speed ,  w i l l  be caused by d i f f e r e n c e s  i n  s h e a r  f o r c e s  g e n e r a t e d  

d u r i n g  t h e  mixing p rocess  and i n  t h e  e f f i c i e n c y  of t h e  mixing 

procedure .  I n  t h e  i n d u s t r i a l  mixe r s ,  t h e  l o a d  on t h e  p a r t i c l e s  

w i l l  be much g r e a t e r  t h a n  i t  i s  i n  t h e  l a b o r a t o r y  mixers .  The 

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

p rocess .  Large shea r  f o r c e s  promote t h e  s h e a r i n g  o f f  of 

magnesium s t e a r a t e  molecules  and t h e  fo rma t ion  of an  o rde red  mix 

of t h e  l u b r i c a n t  on t h e  s u b s t r a t e  p a r t i c l e s .  For  t h i s  r eason  

t h e  fo rma t ion  of a l u b r i c a n t  f i l m  and t h e  subsequent  d e c r e a s e  i n  

t a b l e t  c r u s h i n g  s t r e n g t h  proceed f a s t e r  i n  l a r g e  mixers t h a n  i n  

sma l l  mixers .  

The s i m i l a r i t y  i n  e f f e c t  of l u b r i c a n t  admixing on t a b l e t  c r u s h i n g  

s t r e n g t h  of t h e  p roduc t ion - sca l e  mixers ,  o p e r a t i n g  a t  comparable  

r o t a t i o n  speeds  ( F i g u r e  9 )  and t h e  d a t a  of Tab le  I1 i n d i c a t e  t h a t  

f o r  t h e  l a r g e  mixers  used ,  t h e  d e c r e a s e  of t h e  c r u s h i n g  s t r e n g t h  
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" 
0 
r " 
I 12- 
I- a 
2 
W 
a 9-  
I- 
v) 

a 
z 6 -  
L 
v) 
3 
U 
0 3-  
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15 h 
10 rpm I 

Planetary mixer 

- - -  

000 

- -  

L 

0 '  1 I I I 
0 5 10 15 20 25 30 

MIXING TIME (minl 

F i g u r e  11 

i s  mainly determined by t h e  r o t a t i o n  speed  and o n l y  t o  a s m a l l  

e x t e n t  by t h e  t y p e  and s i z e  of t h e  a p p a r a t u s .  I n  c o n t r a s t  w i t h  

t h e  above mentioned e f f e c t  of l oad  between t h e  s m a l l  and t h e  

l a r g e  mixers, no e f f e c t  of l o a d  cou ld  be observed  between t h e  

mutual  i n d u s t r i a l  mixers used.  T h i s  e f f e c t  i s  suppor t ed  by t h e  

o b s e r v a t i o n  t h a t  an  i n c r e a s e  of t h e  load  i n  t h e  900 l i t r e  

p l a n e t a r y  mixer from 250 kg to 450 kg caused  o n l y  an  

i n s i g n i f i c a n t  e f f e c t  on t h e  d e c r e a s e  of t h e  t a b l e t  h a r d n e s s  

du r ing  l u b r i c a n t  admixing ( F i g u r e  11). 
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THE EFFECT OF MAGNESIUM STEARATE A D M I X I N G  1563 

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

f o r m u l a t i o n s  t h a t  i n c l u d e  l u b r i c a n t s ,  t h e  l u b r i c a n t  mixing time 

should  anyhow be s h o r t e r  t h a n  t h e  c r i t i c a l  mixing t i m e ,  b u t  

p r e f e r a b l y  a s  s h o r t  a s  p o s s i b l e ,  because  d i s i n t e g r a t i o n  t i m e  (61 ,  

drug  d i s s o l u t i o n  r a t e  ( 7 )  and in -v ivo  a d s o r p t i o n  ra te  ( 2 3 )  can  be 

i n f l u e n c e d  n e g a t i v e l y  by a prolonged mixing w i t h  t h e  magnesium 

s t e a r a t e  t o o .  The re fo re  i t  i s  impor t an t  t o  know t h e  c r u s h i n g  

s t r e n g t h - l u b r i c a n t  mixing time p r o f i l e s  f o r  each  i n d u s t r i a l  

t a b l e t t i n g  mix tu re  i n  combina t ion  w i t h  t h e  mixer  used .  These 

p r o f i l e s  can  e a s i l y  be de te rmined  by compressing samples ,  t a k e n  

a t  s e l e c t e d  time i n t e r v a l s  d u r i n g  mixing w i t h  t h e  l u b r i c a n t .  

I n  p r e f o r m u l a t i o n  work, sma l l  l a b o r a t o r y  mixers commonly a r e  used  

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

b l ends .  T h e r e f o r e  i t  i s  of i n t e r e s t  t o  e v a l u a t e  t o  what e x t e n t  

t h e  preformance of a f o r m u l a t i o n  i n  a s m a l l  l a b o r a t o r y  mixer i s  

i n d i c a t i v e  of i t s  performance i n  a l a r g e  i n d u s t r i a l  mixer. 

Compared w i t h  t h e  l a r g e  mixers, f o r  t h e  s m a l l  mixers much h i g h e r  

r o t a t i o n  speeds  should  be used t o  o b t a i n  t h e  same r a t e  of 

d e c r e a s e  i n  t a b l e t  c r u s h i n g  s t r e n g t h  d u r i n g  mixing w i t h  

l u b r i c a n t .  From Table  11, i t  c a n  be concluded  t h a t  f o r  t h e  13 

l i t r e  c u b i c  mixer an  i n c r e a s e  of t h e  r o t a t i o n  speed from 2 0  rpm 

up t o  t h e  maximum r a t e  of 60 rpm i s  i n s u f f i c i e n t  t o  s i m u l a t e  t h e  

e f f e c t  i n  l a r g e  mixers. On t h e  o t h e r  hand, w i t h  a 2 l i t r e  

Turbula  mixer, o p e r a t i n g  a t  h igh  r o t a t i o n  s p e e d s ,  a d e c r e a s e  i n  

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

p r o d u c t i o n - s c a l e  mixers  can  be o b t a i n e d .  T h i s  i s  i l l u s t r a t e d  i n  

Tab le  11, where i s  shown t h a t  t h e  c r i t i c a l  mixing t i m e  i n  t h e  

Turbula  mixer a t  90 rpm has  t h e  same o r d e r  of magni tude a s  t h a t  

of t h e  90 l i t r e  p l a n e t a r y  mixer a t  42 rpm. 

CONCLUSION 

For t h e  lactose/microcrystalline c e l l u l o s e  t e s t  f o r m u l a t i o n  used ,  

t h e  e f f e c t  of l u b r i c a n t  admixing on t a b l e t  c r u s h i n g  s t r e n g t h  was 
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1564 BOLHUIS ET AL. 

strongly dependent on type, size and rotation speed of the mixer. 

The decrease in crushing strength was much faster for the large 

industrial mixers than for the small laboratory mixers when they 
operated at the same rotation speed. For the industrial mixers 

the decrease of the tablet crushing strength as an effect of 

lubricant admixing was more dependent on the rotation speed than 
on the type, size and load of the mixer. For a prediction of the 

effect of lubricant admixing on tablet crushing strength in large 
mixers, efficient laboratory mixers, operating at a high rotation 
speed can be used. For this purpose, the 2 litre Turbula mixer 

is a valuable tool. 
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