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ABSTRACT 

Fol lowing  p r e v i o u s  work on 
t a b l e t  weight  v a r i a t i o n  and t h e  
p r o p e r t i e s  of  d i r e c t  t a b l e t t i n g  

made on b i n a r y  powder m i x t u r e s .  

t h e  r e l a t i o n  between 
measured f low 

v e h i c l e s ,  a s t u d y  w a s  
Two d i f f e r e n t  t a b l e t  

v e h i c l e s  were used ,  Dipac and l a c t o s e  w h i l e  t h e  added 

drug  w a s  f i n e  a s p i r i n .  

Flow p r o p e r t i e s  o f  v a r i o u s  m i x t u r e s  (up t o  40% 

a s p i r i n  by we igh t )  were measured i n  a Flow F a c t o r  
Tester and t a b l e t  weight  v a r i a t i o n  w a s  a l s o  e s t a b l i s h e d .  

I t  w a s  found t h a t  l i t t l e  i n t e r - r e l a t i o n s h i p  e x i s t s  
between t h e  s h e a r  ce l l  pa rame te r s  ( f low f a c t o r  and 
e f f e c t i v e  a n g l e  o f  f r i c t i o n )  and t h e  c o e f f i c i e n t  o f  
t a b l e t  we igh t  v a r i a t i o n .  I t  i s  sugges t ed  t h a t  one  
r e a s o n  f o r  t h e  l a c k  o f  c o r r e l a t i o n  i s  t h e  m i x t u r e s  are 
complex and i n  a d d i t i o n  have a n g l e s  of  f r i c t i o n  which 
v a r y  c o n s i d e r a b l y  w i t h  c o n s o l i d a t i n g  load .  
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INTRODUCTION 

BAGSTER AND CROOKS 

The need f o r  more s t u d y  on f a c t o r s  a f f e c t i n g  t h e  
f low p r o p e r t i e s  of m i x t u r e s  of powders h a s  been 

emphasised b y  Kocova and P i l p e l  ( 1 , 3 , 3 )  because  
m i x t u r e s  r a t h e r  t h a n  p u r e  powders are more g e n e r a l l y  

used i n  p h a r m a c e u t i c a l  manufac tu re .  I n  s t u d i e s  of  

f a i l u r e  p r o p e r t i e s  (1,3), t e n s i l e  s t r e n g t h  ( 2 , 3 , 4 , 5 )  

a p p a r e n t  p a r t i c l e  d i a m e t e r ,  pack ing  f r a c t i o n  and a n g l e  

of i n t e r n a l  f l o w  ( 4 , 5 )  of  m i x t u r e s  of f i n e  powders 
anomal i e s  w e r e  obse rved  i n  t h a t  r a r e l y  w a s  t h e  v a l u e  
of t h e  p r o p e r t y  p r o p o r t i o n a l l y  i n t e r m e d i a t e  between 

t h a t  of i t s  c o n s t i t u e n t s .  The r e s u l t s  a r e  g e n e r a l l y  

a s c r i b e d  t o  changes  i n  t h e  packing  a r r angemen t s  of 
p a r t i c l e s  on a d m i x t u r e  ( 4 ) .  M i x t u r e s  a l so  can  

f r e q u e n t l y  show 'complex '  r a t h e r  t h a n  ' s i m p l e '  

f a  i l u r  e . 

The u s e  of  m i x t u r e s  of  a f i n e  d r u g  powder w i t h  a 

c o a r s e  d i l u e n t  h a s  been s u g g e s t e d  i n  p h a r m a c e u t i c a l  
p r a c t i c e  a s  t h e y  f r e q u e n t l y  form an  o r d e r e d  m i x t u r e  

p o s s e s s i n g  good homogenei ty  (6,7). However few s t u d i e s  

appea r  t o  have  been made o f  t h e  s h e a r  p r o p e r t i e s  and 

f l o w a b i l i t y  of  such  m i x t u r e s  p a r t i c u l a r l y  i n  r e l a t i o n  

t o  t h e  p r o p e r t i e s  of t h e  p u r e  components.  I t  h a s  
been s u g g e s t e d  p r e v i o u s l y  t h a t  t h e  s h e a r  c e l l  can  
p r e d i c t  t h e  f l o w a b i l i t y  of  powder d u r i n g  t a b l e t t i n g  ( 8 )  

and i t  i s  t h e  pu rpose  of t h i s  paper  t o  examine t h e  
u s e f u l n e s s  o f  s h e a r  c e l l  p a r a m e t e r s  i n  d e s c r i b i n g  t h e  
behav iour  of powder m i x t u r e s .  
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Mater i a  1 s 

The drug used was a s p i r i n  (Prosana,  A u s t r a l i a )  
and t h e  d i l u e n t s  were Dipac, a suc rose /dex t r in  
c o - c r y s t a l l i s a t i o n  prodcut  (Amstar, U.S.A.) and 
spray-dried l a c t o s e  (Wyndale, N . Z . ) .  The p a r t i c l e  
d e n s i t y  of a s p i r i n  w a s  taken as  1.35 g.m., Dipac 
a s  1 .52  g.ml-I ( 9 )  and l a c t o s e  as 1.54 g.ml-’ ( 9 ) .  

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 s  determined by 
v i b r a t i o n a l  s i e v i n g  and a i r - j e t  s i e v i n g  are r e p r e s e n t e d  
as  l o g - p r o b a b i l i t y  p l o t s  i n  Fig.  1. 

-1 

M e t  hods 

Mixinq 

Approximately 1 Kg l o t s  were mixed f o r  one hour 

i n  an Erweka s t a i n l e s s  s teel  cube mixer ( c a p a c i t y  8E) 
r o t a t i n g  a t  20 rpm. Th i s  mixing t i m e  had been 
e s t a b l i s h e d  i n  p re l imina ry  mixing s t u d i e s .  

Bulk Density and P o r o s i t y  

These v a l u e s  were determined from t h e  weight of 
powder f i l l i n g  a 100m. graduated c y l i n d e r  a f t e r  
f i l l i n g  v i a  a funnel .  P o r o s i t y  ( E )  was c a l c u l a t e d  

P - P $  from E = 
P 

. . . . . (1) 

where p i s  t h e  t r u e  d e n s i t y  of t h e  s o l i d  and p i s  
t h e  bulk d e n s i t y .  
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416 BACSTER AND CROOKS 

Dipac 

I 

I 100 

Particle Size (pn 1 
FIGURE 1 

PARTICLE SIZE DISTRIBUTION 

00 

Skrear C e l l  S t u d i e s  

Va lues  f o r  t h e  r e c i p r o c o l  of  f l ow f a c t o r ,  1/FF, 

and t h e  e f f e c t i v e  a n g l e  of f r i c t i o n ,  6 ,  under  normal  
c o n s o l i d i t i n g  stresses of 31.3 gcrn , 50.5  gcrn 
and 88 .8  gcrn -2 w e r e  de t e rmined  u s i n g  a J e n i k e  s h e a r  
c e l l  a s  d e s c r i b e d  p r e v i o u s l y  ( 9 ) .  The p o r o s i t y  of  
t h e  powder bed under  each  c o n s o l i d a t i n g  stress w a s  
e s t i m a t e d  from volume and  weight  measurements .  
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PROPERTIES OF POWDER MIXTURES 417 

T a b l e t  Compress i o n  

To each  mix,  1% magnesium stearate was added a s  

a l u b r i c a n t .  T a b l e t s  were compressed on a Manesty 

SP1  s i n g l e  punch t a b l e t  machine producing  3600 t a b l e t s /  

hour  u s i n g  l O m m  punches a t  c o n s t a n t  d i e  volume. 

Compression w a s  a l lowed t o  proceed  b e f o r e  t a b l e t s  w e r e  
c o l l e c t e d .  Samples of 1 0 0  t a b l e t s  were weighed and 

t h e  c o e f f i c i e n t  of v a r i a t i o n  (CV) of weight  e s t i m a t e d .  

RESULTS AND DISCUSSION 

Va lues  f o r  b u l k  d e n s i t i e s  and p o r o s i t i e s  f o r  

Dipac c o n t a i n i n g  up t o  4 0 %  a s p i r i n  and l a c t o s e  
c o n t a i n i n g  up t o  30% a s p i r i n  are summarised i n  T a b l e  1. 
The sample o f  a s p i r i n  had t h e  low l o o s e  poured b u l k  

d e n s i t y  o f  0.37 co r re spond ing  t o  a p o r o s i t y  o f  0.73 

and t h e r e f o r e  it might  be  expec ted  t h a t  on i t s  a d d i t i o n  
t o  t h e  c o a r s e  powder p o r o s i t y  would i n c r e a s e  a c c o r d i n g  

t o  t h e  formula  

P o r o s i t y  o f  m i x t u r e  = x E + y E~ . . . . ( 2 )  
X 

where x and y are t h e  p r o p o r t i o n s  o f  each  component and 
E and E t h e i r  co r re spond ing  p o r o s i t i e s .  Such 

estimates a r e  i n c l u d e d  i n  Tab le  1 f o r  comparison.  

Although t h e  p o r o s i t i e s  of  t h e  l a c t o s e / a s p i r i n  

m i x t u r e s  co r re spond  t o  t h o s e  p r e d i c t e d  t h i s  w a s  n o t  
t r u e  for  t h e  D i p a c / a s p i r i n  m i x t u r e s .  Add i t ion  of up 
t o  30% a s p i r i n  d i d  n o t  c a u s e  any  i n c r e a s e  i n  p o r o s i t y  
which even d e c r e a s e d  s l i g h t l y .  Only a f t e r  a d d i t i o n  
of  4 0 %  a s p i r i n  d i d  p o r o s i t y  i n c r e a s e .  t h i s  can  b e  
e x p l a i n e d  on t h e  b a s i s  of  o r d e r e d  mixing o f  a s p i r i n  
and Dipac ( 6 , 7 ) .  The a s p i r i n  i s  adsorbed  o n t o  t h e  
s u r f a c e  of t h e  cour se .  Dipac p a r t i c l e s  c a u s i n g  

X Y 

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
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



418 BAGSTER AND CROOKS 

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
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PRCPERTIES OF POWDER MlXTURES 419 

l i t t l e  change i n  p o r o s i t y .  T h i s  phenomenon h a s  been 
observed  by Gunning and S tead  ( 1 0 ) .  On a d d i t i o n  of  

up t o  30% f i n e  ca lc ium c a r b o n a t e  t o  20-40# s t a r c h /  
lactose g r a n u l e s  bu lk  d e n s i t y  was i n c r e a s e d .  
Although calcium c a r b o n a t e  h a s  a h i g h  t r u e  d e n s i t y  
(2.93 g.ml- l )  t h i s  i n c r e a s e  i s  p robab ly  g r e a t e r  t h a n  

would be p r e d i c t e d  from s imple  weight  and volume 
c o n s i d e r a t i o n s .  They conf i rmed t h e i r  s u s p i c i o n s  o f  
a d s o r b t i o n  of f i n e s  by demons t r a t ing  t h a t  t h e  m i x t u r e  
d i d  n o t  s e g r e g a t e .  

Photomicrographs of  t h e  Dipac /Aspi r in  m i x t u r e s  
shown i n  F i g u r e  2 s u g g e s t  t h a t  i n  sys tems c o n t a i n i n g  
up t o  30% a s p i r i n  most of  i t  i s  c o n c e n t r a t e d  around 
t h e  coarse Dipac p a r t i c l e s  l e a v i n g  l i t t l e  f r e e  i n  
t h e  v o i d s  o f  t h e  mix. From c o n s i d e r a t i o n s  of  t h e  
s u r f a c e  area of  t h e  Dipac p a r t i c l e s  accommodation of  
up t o  30% a s p i r i n  s u g g e s t s  t h a t  a d s o r b t i o n  i s  m u l t i -  
l a y e r  r a t h e r  t h a n  j u s t  mono-layer. From photomicro- 
g raphs  o f  t h e  l a c t o s e / a s p i r i n  system (F ig .  3) it 

a p p e a r s  t h a t  no  o r d e r e d  mixing  occurs which may 
e x p l a i n  why t h e  p o r o s i t i e s  found e x p e r i m e n t a l l y  a r e  
similar t o  t h o s e  p r e d i c t e d .  I t  h a s  been demonst ra ted  
p r e v i o u s l y  t h a t  t h e r e  are s i z e  r e q u i r e m e n t s  f o r  
o rde red  mixing t o  occur  ( 7 , l O )  and t h e r e f o r e  t h e  
lactose p a r t i c l e s  a r e  p robab ly  too s m a l l  t o  accommodate 
adso rbed  a s p i r i n .  

Tab le  2 summarises s h e a r  c e l l  d a t a  f o r  t h e  
v a r i o u s  m i x t u r e s  o f  a s p i r i n  w i t h  e i t h e r  Dipac or  
lactose t o g e t h e r  w i t h  t h e  co r re spond ing  mean t a b l e t  
weight  and t a b l e t  weight  v a r i a t i o n  d a t a .  I t  can  be  
seen  immediately t h a t  t h e r e  i s  l i t t l e  i n t e r r e l a t i o n s h i p  
t h a t  can be e s t a b l i s h e d  between t h e  s h e a r  ce l l  

pa rame te r s  1/FF and 6 and t h e  c o e f f i c i e n t  of  t a b l e t  
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D i p a c  

D i p a c  + 1 0 %  A s p i r i n  

BAGSTER AND CROOKS 

A s p i r i n  

D i p a c  + 2 0 %  A s p i r i n  

D i p a c  + 3 0 %  A s p i r i n  D i p a c  + 4 0 %  A s p i r i n  

FIGURE 2 
PHOTOMICROGRAPHS OF DIPAC MIXTURES 
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Lactose 

421 

Lactose t 10% Aspirin 

Lactose + 20% Aspirin Lactose + 30% Aspirin 

Scale for figures 2 and 3 

Imm - 
FIGURE 3 

PHOTOMICROGRAPHS OF LACTOSE MIXTURES 
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PROPERTIES OF POWDER MIXTURES 4 2 3  

weight  v a r i a t i o n ,  CV. The v a l u e s  o f  1/FF f o r  Dipac 
c o n t a i n i n g  up t o  2 0 %  a s p i r i n  were t o o  l o w  t o  de te rmine  
a c c u r a t e l y .  An impor t an t  p o i n t  i s  t h a t  f o r  a l l  
m i x t u r e s  where 1/FF cou ld  be de termined  r e l a t i v e l y  
a c c u r a t e l y ,  1/FF was h i g h l y  dependent  on normal 
c o n s o l i d a t i n g  stress. I n  some sys tems 1/FF dec reased  
w i t h  normal c o n s o l i d a t i n g  stress (Dipac + 40% a s p i r i n ,  
l a c t o s e  + 1 0 %  a s p i r i n )  whereas  i n  o t h e r s  1/FF 
i n c r e a s e d  (Dipac + 30% a s p i r i n ,  l a c t o s e  + 20% a s p i r i n ) .  
Values  o f  1/FF f o r  t h e  pu re  m a t e r i a l s  appear  t o  b e  
r e l a t i v e l y  c o n s t a n t  ove r  t h e  r ange  of c o n s o l i d a t i n g  
stress as  was observed  f o r  s e v e r a l  t a b l e t  v e h i c l e s  i n  

a p r e v i o u s  p u b l i c a t i o n  (8). 

V a r i a t i o n  o f  s h e a r  c e l l  pa rame te r s  i s  i n d i c a t i v e  
of "complex" behaviour  ( 1 1 , 1 2 1 .  Kocova & P i l p e l  (1) 
observed  t h a t  f o r  many complex powders t h e  a n g l e  o f  
i n t e r n a l  f r i c t i o n ,  r e l a t e d  t o  6 i n  t h e  c u r r e n t  work, 
remained r e l a t i v e l y  independent  o f  c o n s o l i d a t i n g  stress. 
T h i s  does n o t  appear  t o  ho ld  f o r  t h e  sys tems i n  Tab le  2 .  

On examinat ion  o f  t h e  p o r o s i t i e s  o b t a i n e d  i n  t h e  s h e a r  

ce l l  it can be  seen  t h a t  each  m i x t u r e  w a s  c o n s o l i d a t e d  

t o  a d i f f e r e n t  e x t e n t  under  t h e  same normal 
c o n s o l i d a t i n g  stress. The g r e a t e r  t h e  a s p i r i n  c o n t e n t  
t h e  g r e a t e r  t h e  d e c r e a s e  i n  p o r o s i t y .  While t h e  
p o r o s i t i e s  of  a l l  t h e  Dipac /a sp i r in  sys tems were v e r y  
s imilar  i n  t h e  unconso l ida t ed  form t h e  v a l u e s  v a r y  
markedly a f t e r  c o n s o l i d a t i o n  a t  31.3 g.cm-'. As a 
h ighe r  normal c o n s o l i d a t i n g  stress i s  a p p l i e d  however 
p o r o s i t y  d o e s  n o t  change f u r t h e r .  I n  t h e  c a s e  of  t h e  
l a c t o s e / a s p i r i n  sys tems p o r o s i t y  d o e s  d e c r e a s e  
p rogre  ss i v e  1 y w i t h  normal c o n s o l i d a t i n g  stress. 

It seems t h a t  c o n s o l i d a t i o n  r e a r r a n g e s  t h e  
packing of t h e  powder m i x t u r e s  s t u d i e d  such  t h a t  s h e a r  
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4 2 4  BAGSTER AND CROOKS 

c e l l  p a r a m e t e r s  a re  h i g h l y  d e p e n d e n t  on normal  

c o n s o l i d a t i n g  stress. Such "complex" powder 

b e h a v i o u r  means t h a t  it is  d i f f i c u l t  t o  p r e d i c t  

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

c o n s o l i d a t i o n  u n l i k e  t h e  s i t u a t i o n  w i t h  p u r e  t a b l e t  

v e h i c l e s  ( 8 ) .  N a r r o w  s i z e  f r a c t i o n s  of  p u r e  powders  

f r e q u e n t l y  b e h a v e  a s  ' s i m p l e '  powders  w h e r e a s  m i x t u r e s  

of t w o  d i f f e r e n t  mater ia l s  o f t e n  show ' c o m p l e x '  

p r o p e r t i e s  (1). 

The f i n d i n g s  o f  t h e  p r e s e n t  s t u d y  h a v e  b e e n  v e r y  

l a r g e l y  n e g a t i v e ,  t h a t  f l o w  p r o p e r t i e s  a r e  measured  

w i t h  t h e  now s t a n d a r d  s h e a r  c e l l  do n o t  correlate  w i t h  

t a b l e t  w e i g h t  v a r i a t i o n .  T h e s e  c o n c l u s i o n s  m u s t  now 

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

i n v e s t i g a t i o n  of  t h e  r e a s o n s  must  be made. 
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