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AN INVESTIGATION OF THE EFFECT OF HIGH SPEED MIXING 
ON THE MECHANICAL AND PHYSICAL PROPERTIES 

OF DIRECT COMPRESSION LACTOSE 

P. M. Thwai t e s  A. B . Mas hadi , W . D . Moore. 

Development L a b o r a t o r i e s ,  Merck Sharp and Dohme, 
Hoddesdon England.  

The e f f e c t  of h i g h  speed m i x i n g  on t h e  mechanical and 
p h y s i c a l  p r o p e r t i e s  o f  f o u r  commerc ia l l y  ava i  l a b l e  grades o f  
d i r e c t  compression l a c t o s e  i s  considered. 
evidenced i n  these p r o p e r t i e s  a r e  found t o  be s p e c i f i c  t o  each 
grade o f  . lac tose  and i t  i s  recommended t h a t  due c o n s i d e r a t i o n  be 
g i v e n  t o  t h e  e f f e c t s  o f  i n c o r p o r a t i n g  such a process i f  i n t e r -  
ba tch  t a b l e t  v a r i a t i o n  i s  t o  be avoided. 

The changes t h a t  a r e  

INTRODUCTION 

The advantages o f  d i r e c t  compression t a b l e t t i n g  techn iques  
ove r  o t h e r  methods i n  c e r t a i n  s p e c i f i c  c i rcumstances a r e  w e l l  
documented (1). I n  p a r t i c u l a r  i t  i s  n o t  uncommon t o  c o n s i d e r  
d i r e c t  compression when t h e  r e q u i r e d  a c t i v e  dose i s  low o r  
rep resen ts  a smal l  f r a c t i o n  o f  t h e  t o t a l  t a b l e t  we igh t .  
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5 04 THWAITES, MASHADI, AND MOORE 

Nonetheless i n  such an event o b t a i n i n g  s a t i s f a c t o r y  a c t i v e  content 
u n i f o r m i t y  may present a s i g n i f i c a n t  chal lenge. This may o f t e n  be 

solved by the  employment o f  a h igh  speed m ix ing  stage b u t  t h e  
concern w i l l  s t i l l  remain t h a t  such a robust  method may a l t e r  t h e  
phys ica l  c h a r a c t e r i s t i c s  o f  t h e  powder and i n  p a r t i c u l a r  t h e  
p r i n c i p a l  d i l u e n t .  

Lactose i s  probably t h e  most commonly used d i r e c t  compression 

e x c i p i e n t  (2 ) .  

m a t e r i a l  (3-5) and i t  may be hypothesised t h a t  t h e  use o f  such a 
h i g h  energy process may r e s u l t  i n  extens ive p a r t i c l e  f r a c t u r e  w i th  
subsequent a l t e r a t i o n s  i n  both phys i ca l  and mechanical p r o p e r t i e s .  

However i t  i s  w e l l  cha rac te r i sed  as a b r i t t l e  

We have i n v e s t i g a t e d  t h e  e f f e c t  o f  h igh  speed m ix ing  on f o u r  
commercial ly a v a i l a b l e  grades o f  d i r e c t  compression l a c t o s e  which 
were se lected t o  r e f l e c t  each o f  t h e  s t a b l e  c r y s t a l  forms i e  
anhydrous a- lactose,  hydrous Q- lactose,  anhydrous p - l a c t o s e  and 
t h e  presence o f  amorphous m a t e r i a l  i n  spray d r i e d  lactose.  The 
p repara t i on  and p r o p e r t i e s  o f  these m a t e r i a l s  a re  w e l l  d e t a i l e d  
e l  sewhere (6 , 7 )  . 

MATERIALS AND METHODS 

Materials. The f o l l o w i n g  m a t e r i a l s  which are a l l  marketed as 
d i r e c t  compression grades o f  Lactose were used as received. 
F a s t f l o  (Hydrous a-LactoselAmorphous Lactose, Foremost Whey 
Products, Wisconsin, USA) , Tablet tose (Hydrous a-Lactose, Meggle, 
Wasserburg , West Germany) , DCL-30 (Anhydrous a-Lactose, DMV, 

Veghel , The Netherlands) , DCL-21 (Anhydrous p-Lactose, DMV, 
Veghel , The Nether1 ands) . 

High Speed Mixing. 1Kg samples o f  each Lactose were placed 

i n  a 1OL Baker-Perkins h i g h  speed mixer  and mixed f o r  2, 5, 15 and 
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HIGH SPEED MIXING OF DIRECT COMPRESSION LACTOSE 505 

30 minutes w i t h  both i m p e l l e r  and chopper blades r o t a t i n g  a t  
1000rpm. Each sample, together  w i t h  i n i t i a l s  was subjected t o  
f u l l  mechanical and phys i ca l  t e s t i n g  as out1 ined below. 

Compression Testing. Samples o f  each Lactose were 1 ub r i ca ted  
w i t h  l % w / w  Magnesium Stearate i n  a Turbula m ixe r  f o r  2 minutes and 
compressed on an instrumented Manesty F t a b l e t  machine t o  a weight 
o f  150mg us ing  7mm f l a t  face t o o l i n g .  Tablets were s to red  f o r  24 
hours i n  sealed conta iners p r i o r  t o  being broken on a Schleuniger 
hardness t e s t e r .  

Part ic le  Size Analysis. 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  o f  
rep resen ta t i ve  samples o f  each Lactose a t  each m ix ing  t i m e  
toge the r  w i t h  an i n i t i a l  was determined by s i e v i n g  t o  constant 
weight us ing sieves ranging i n  a 42 progress ion from 63pm t o  
212pm. 
case from t h e  log-normal s i z e  d i s t r i b u t i o n .  

The geometric median p a r t i c l e  s i z e  was determined i n  each 

Specific Surface Area. This was determined f o r  each sample 
by t h e  BET method (n i t rogen  adsorpt ion)  us ing  a Quantasorb Surface 
Area Analyzer (Quantachrome Inc.)  . 

Density Determination. The b u l k  d e n s i t y  was determined by 
pour ing 1259 o f  m a t e r i a l  i n t o  a 250ml graduated c y l i n d e r  and 
measuring t h e  volume t o  t h e  nearest  m l  a f t e r  i n s e r t i o n  and a 
s i n g l e  tap  i n  a Radon automatic compaction d e n s i t y  u n i t .  The 
tapped d e n s i t y  was performed by measuring t h e  constant  volume 
a t t a i n e d  a f t e r  a f u r t h e r  2000 taps on t h e  same u n i t .  Each 
measurement was repeated tw ice  and averaged. 
was subsequently c a l c u l a t e d  as t h e  r a t i o  o f  tapped t o  b u l k  
dens i t y  . 

The Hausner Ra t io  

Dif ferent ia l  Scanning Calorimetry DSC was c a r r i e d  out  us ing 
Samples o f  about 10mg, a M e t t l e r  Model TA 3000 Thermal Analyzer. 
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5 06 THWAITES, MASHADI, AND MOORE 
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FIGURE 1 

Diametral Crushing Strength as a Funct ion o f  Upper Punch Force 

f o r  Tablets Manufactured from F a s t f l o  Lactose A f t e r  High Speed 
M ix ing  From 0 t o  30 Minutes. 

accurate 
t o  220°C 

y weighed, were heated i n  sea 
a t  10°C pe r  minute. 

RESULTS AND DICUSSION 

ed aluminium pans from 25°C 

The r e s u l t s  o f  mechanical ana lys i s  o f  the l a c t o s e  samples 

i n d i c a t e  t h a t  t he  e f f e c t  o f  mix ing t ime  on t h e  compression 
p r o p e r t i e s  o f  F a s t f l o  (F igure 1) and DCL 21 (F igu re  2) was 

minimal. For Tablet tose (Figure 3)  t h e r e  was a gradual increase 
i n  crushing s t reng th  w i t h  mix ing t ime; t a b l e t s  manufactured a f t e r  

30 minutes mix ing were approximately 30% s t ronger  than i n i t i a l  
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HIGH SPEED MIXING OF DIRECT COMPRESSION LACTOSE 50 7 
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FIGURE 2 

Diametral  Crushing Strength as a Funct ion o f  Upper Punch Force 
f o r  Tablets  Manufactured from DCL-21 Lactose A f t e r  High Speed 
M ix ing  From 0 t o  30 Minutes. 

samples. 
manufactured a f t e r  30 minutes m ix ing  were approximately t w i c e  as 
s t rong  as i n i t i a l  samples a t  s i m i l a r  compaction pressures. 

For DCL 30 (F igure 4) t h e  e f f e c t  was marked and t a b l e t s  

It might  be hypothesised t h a t  t h e  changes t h a t  occur i n  t h e  
mechanical p r o p e r t i e s  on mix ing f o r  some o f  t h e  samples o f  l a c t o s e  
may be a t t r i b u t e d ,  a t  l e a s t  i n  p a r t ,  t o  an o v e r a l l  r e d u c t i o n  i n  
p a r t i c l e  s i z e .  
(F igure 5) t h e r e  was v i r t u a l l y  no change i n  t h e  i n i t i a l  narrow 
p a r t i c l e  s i z e  d i s t r i b u t i o n  a f t e r  30 minutes m ix ing  and 
s p e c i f i c a l l y  no increase i n  " f i n e s "  ( p a r t i c l e s  c63,um). 

Reviewing t h e  s ieve  ana lys i s  r e s u l t s ;  f o r  DCL-30 

F a s t f l o  
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5 08 THWAITES, MASHADI, AND MOORE 
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FIGURE 3 

Diametral Crushing Strength as a Funct ion o f  Upper Punch Force 
f o r  Tablets Manufactured from Tablet tose Lactose A f t e r  High 
Speed Mixing From 0 t o  30 Minutes. 

(F igure 6) and t o  a g rea ter  extent ,  DCL-21 (F igure 7) revealed a 
s h i f t  i n  the  p a r t i c l e  d i s t r i b u t i o n  t o  a smal ler  mean s i z e  w i t h  a 
moderate increase i n  " f i n e s "  (approximately 5% cumulat ive weight 
f o r  F a s t f l o  and 8% f o r  DCL-21). The occurence o f  an increase i n  
the  weight o f  p a r t i c l e s  less than 63pm might reasonably be 
expected t o  account f o r  changes i n  compression proper t ies ,  
however, as described above, t h e  mechanical p r o p e r t i e s  o f  F a s t f l o  
and DCL-21 are l e a s t  e f f e c t e d  by extended mix ing t ime. By way o f  
con t ras t ,  Tablet tose (F igure 8) , a granulated form o f  t h e  alpha- 
monohydrate w i t h  a wide i n i t i a l  d i s t r i b u t i o n  e x h i b i t s  a 
subs tan t ia l  reduct ion i n  p a r t i c l e s  over 200pm w i t h  no jncrease i n  
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H I G H  S P E E D  M I X I N G  OF D I R E C T  COMPRESSION LACTOSE 509 
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FIGURE 4 

Diametral  Crushing Strength as a Funct ion o f  Upper Punch Force 
f o r  Tablets Manufactured from DCL-30 Lactose A f t e r  High Speed 
M ix ing  From 0 t o  30 Minutes. 

those less  than 63pm. From Figure 9 where t h e  geometric mean 
p a r t i c l e  s i z e  i s  p l o t t e d  as f u n c t i o n  o f  m ix ing  t ime  i t  i s  ev ident  
t h a t  t he  p r i n c i p a l  decrease i n  t h e  Tablet tose d i s t r i b u t i o n  occurs 
w i t h i n  the  f i r s t  two minutes o f  mixing. 

s t r u c t u r e  o f  Tablet tose i s  severe ly  damaged a f t e r  r e l a t i v e l y  s h o r t  
per iods o f  h i g h  speed mixing. 

C l e a r l y  t h e  granule 

The r e s u l t s  o f  s ieve  ana lys i s  were conf i rmed by sur face area 
measurements us ing n i t r o g e n  adsorpt ion (Table 1). Although t h i s  
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0 Minutes 
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Partcle Size (microns) 

FIGURE 5 

Percentage Cumulative Weight Oversize as a Funct ion o f  High 

Speed Mix ing Time f o r  DCL-30 Lactose. 

‘1, 
\ 
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FIGURE 6 

Percentage Cumulative Weight Oversize as a Funct ion o f  High 
Speed Mix ing Time f o r  F a s t f l o  Lactose. 
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HIGH SPEED MIXING OF DIRECT COMPRESSION LACTOSE 511 
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FIGURE 7 

Percentage Cumulative Weight Oversize as a Funct ion o f  High 
Speed M ix ing  Time f o r  DCL-21 Lactose. 

technique might be considered r e l a t i v e l y  i n s e n s i t i v e  a t  such low 
sur face areas, i t  i s  seen t h a t ,  w i t h  t h e  p o s s i b l e  except ion o f  
Tablet tose, t h e  increase i n  t h i s  parameter w i t h  m ix ing  t i m e  i s  
minimal. Once again, t h e  small  increase f o r  Tablet tose occurs 
w i t h i n  t h e  f i r s t  f i v e  minutes. 

It i s  w e l l  es tab l i shed  t h a t  c r y s t a l l i n e  l ac tose  consol idates 

Thus f o r  Tablet tose t h e  increase p r i m a r i l y  by f ragmentat ion (8). 
i n  sur face area on mix ing may p a r t i a l l y  account f o r  t h e  increase 
i n  crushing s t reng th  o f  t h e  compacts. F a s t f l o ,  a spray d r i e d  
l ac tose ,  conta ins a s i g n i f i c a n t  p r o p o r t i o n  o f  amorphous l a c t o s e  
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FIGURE 8 

Percentage Cumulative Weight Oversize as a Function o f  High 
Speed Mixing Time for Tablettose Lactose. 

(approximately 15%) which is capable of plastic flow (9). 
amorphous nature may provide resistance to fragmentation on high 
speed mixing as well as exerting a positive influence on particle 
binding and may account for the similarity of the compression 
profiles with mixing time. 
anhydrous forms of p- and a-lactose respectively, particle 
fragmentation would be the expected mechanism of consol idation, 
however, only the compression profiles obtained on the former 
product are consistent with the small changes in particle size 
distribution. Such an explanation cannot be used t o  account for 
the large changes in compression properties evidenced for DCL-30. 

This 

For both DCL-21 and DCL-30 which are 
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160 
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v) 
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513 

- + Tablettose 
-t- DCL30 

t 

- 

FIGURE 9 

Geometric Mean P a r t i c l e  S ize  as a Function o f  Mixing Time 

TABLE 1 

S p e c i f i c  Surface Area as a Function of High Speed Mix ing Time 

Mixing Time Speci f i c Surf ace Area 
M i  ns . mzg- 1 

DCL-El DCL-30 Tab1 ettose Fastf lo 

0 0.39 0.23 0.47 0.28 
2 0.40 0.23 0.49 0.28 
5 0.41 0.24 0.52 0.29 

15 0.43 0.29 0.53 0.30 
30 0.44 0.33 0.55 0.34 
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FIGURE 10 

The Hausner Ra t io  as a Funct ion o f  Mix ing Time 

It may be speculated t h a t  one o f  t h e  e f f e c t s  o f  h igh  speed m ix ing  
on DCL-30 i s  t o  increase the  number o f  f laws i n  t h e  p a r t i c l e s ,  
w i t h  a subsequent increase i n  the  propensi ty  t o  f ragmentat ion on 
compaction, however as y e t  t h i s  remains unproven. 

It has been repor ted t h a t  v igorous m i  11 i n g  processes may 
r e s u l t  i n  polymorphic changes i n  c r y s t a l l i n e  l ac tose  (10). 

asce r ta in  whether a polymorphic t r a n s i s t i o n  was an under l y ing  
f e a t u r e  o f  some grades o f  l ac tose  du r ing  h igh  speed m ix ing  whtch 
might i n f l uence  compression, each sample was subjected t o  thermal 
ana lys i s  by d i f f e r e n t i a l  scanning c a l o r i m e t r y .  No changes were 
detected i n  any sample a t  any m ix ing  t ime  thus e l i m i n a t i n g  such an 
occurence as a poss ib le  explanat ion o f  t h e  unexpected compression 
p r o p e r t i e s  of  DCL-30. 

To 
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For each sample tes ted  a Hausner r a t i o  was determined 
exper imenta l ly ,  p r i o r  t o  l u b r i c a t i o n ,  as a measure o f  powder f low.  
From t h e  r e s u l t s  i n  F igure 10 i t  w i l l  be noted t h a t  t h e  e a r l y  t ime  
reduc t i on  i n  p a r t i c l e  s i z e  o f  Tablet tose i s  accompanied by a 
d e t e r i o r a t i o n  i n  powder f low.  Thus i t  may be concluded t h a t  w h i l e  
the  breakdown o f  t h e  granule s t r u c t u r e  o f  Tablet tose might  have a 
p o s i t i v e  i n f l u e n c e  on t h e  compression p r o p e r t i e s  t h i s  e f f e c t  i s  

counterbalanced by a negat ive i n f l u e n c e  on t h e  f l o w  p r o p e r t i e s .  
I n t e r e s t i n g l y ,  f o r  DCL-21 and F a s t f l o ,  h igh  speed m ix ing  may 
a c t u a l l y  enhance the  f l o w  p r o p e r t i e s  whereas f o r  DCL-30 t h e r e  i s  
no change. These observat ions are cons is ten t  w i t h  t h e  small  
changes i n  p a r t i c l e  s i z e  d i s t r i b u t i o n .  

CONCLUSION 

From t h e  data presented above, i t  i s  apparent t h a t  t h e  

i nco rpo ra t i on  o f  a h igh  speed mix ing step i n t o  t h e  processing o f  
a d i r e c t  compression grade o f  l ac tose  may have a profound e f f e c t  
on t h e  phys i ca l  and mechanical p r o p e r t i e s  o f  t h e  r e s u l t i n g  
powder m i x .  
d e l i b e r a t e l y  extended from those genera l l y  used i n  p r a c t i c e ,  i t  

i s  observed t h a t  f o r  some grades o f  lactose,  s i g n i f i c a n t  changes 
i n  t a b l e t t i n g  p r o p e r t i e s  occur a t  r e l a t i v e l y  s h o r t  m ix ing  t imes. 
The changes t h a t  occur do no t  necessa r i l y  c o n t r a - i n d i c a t e  t h e  
use o f  e i t h e r  a p a r t i c u l a r  grade o f  l ac tose  o r  t h e  i n c o r p o r a t i o n  
o f  h i g h  e f f i c i e n c y  mix ing as a processing step i n  a d i r e c t  
compression t a b l e t  formulat ion.  They do however, suggest t h a t  a 
r igourous v a l i d a t i o n  o f  t h e  mix ing process be performed w i t h  t h e  
des i red e x c i p i e n t s  t o  prevent unneccesary i n t e r - b a t c h  t a b l e t  
var  i a t  i on. 

Although i n  t h i s  study t h e  mix ing t imes have been 
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