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ABSTRACT 

Powder  m i x t u r e s  a n d  g r a n u l a t e s  w i t h  b u l k  d e n s i t i - e s  r a n g -  

i n g  f rom 0.35-0.89 g S m 1 - l  w e r e  t e s t ed  r e g a r d i n g  f l o w  

p r o p e r t i e s  u s i n g  t h e  f o l l o w i n g  misthods: the Hausner  

r a t i o  ( p a c k e d  b u l k  d e n s i t y / l o o s e  b u l k  d e n s i t y ) ,  r a t e  of 

p a c k i n g  on tamping ,  f l o w  r a t e  t h r o u g h  a 3 0  mm ' o r i f i c e ,  

o r i f i c e  d i a m e t e r  a l l o w i n g  f r e e  f l o w ,  a n d  " d r a i n e d "  a n g l e  

of r e p o s e .  

The Hausner  r a t i o  and  t h e  a n g l e  <of r e p o s e  c o u l d  b e  m e a -  

s u r e d  w i t h  a r e l a t i v e  s t a n d a r d  d e v i a t i o n  of  a b o u t  2 %. 

The orif ice d i a m e t e r  c o u l d  a l so  b e  d e t e r m i n e d  a c c u r a t e l y  

a n d  t h e s e  t h r e e  methods c o r r e l a t e d  w e l l  w i t h  e a c h  o t h e r .  

' P r e s e n t  a d d r e s s :  Depar tment  of P h a r m a c e u t i c s ,  A s t r a  
P h a r m a c e u t i c a l s  AB, S-151 8 5  S o d e r t a l j e , ,  Sweden. 
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456 DAHLINDER, JOHANSSON, AND SJOGREN 

The flow ra te  could only be measured on f r e e  flowing 

mater ia ls  and t h e  packing ra te  c o r r e l a t e d  poorly with 

t h e  o t h e r  methods. 

INTRODUCTION 

I n  t h e  product ion of s o l i d  dosage forms, such as 
t a b l e t s ,  t h e  a b i l i t y  of t h e  m a t e r i a l s  t o  f low f r e e l y  i s  

o f t e n  of g r e a t  importance f o r  t h e  q u a l i t y  of t h e  f i n a l  

product .  Many of t h e  methods used f o r  e v a l u a t i o n  of 

powder f l o w a b i l i t y  have been t r i e d  f o r  t h e  e v a l u a t i o n  

of t a b l e t  g r a n u l a t e s  ( 1  , 2 ,  3 ) .  

A r ep roduc ib le  f i l l  i n  t a b l e t  product ion i s  impor- 

t a n t  n o t  only f o r  t h e  un i fo rmi ty  of t h e  a c t i v e  drug con- 

t e n t  b u t  a l s o  f o r  t h e  t a b l e t i n g  p r e s s u r e ,  which may 

a f f e c t  t h e  d i s s o l u t i o n  ra te ,  t h e  t a b l e t  s t r e n g t h ,  t h e  

appearance etc. However, t h e  c o r r e l a t i o n  between t h e  

r e p r o d u c i b i l i t y  of t h e  t a b l e t  weight and t h e  e s t i m a t i o n  

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

o u t  t o  be poor ( 4 ,  5 ) .  Th i s  i s  n o t  s u r p r i s i n g  a s  t h e  

f l o w a b i l i t y  i s  only one of s e v e r a l  f a c t o r s  which a f f e c t  

t h e  dosage accuracy. Other important  f a c t o r s  a r e ,  f o r  

example, t h e  design of hoppers and f eed ing  dev ices ,  t h e  
accuracy of t h e  t o o l i n g ,  t h e  machine speed, v i b r a t i o n s ,  
and seg rega t ion .  Only when t h e  t a b l e t  m a s s  f lows poorly 
w i l l  t h e  flow p r o p e r t i e s  be  t h e  main f a c t o r  determining 
t h e  weight accuracy ( 3 ) .  Unfor tuna te ly ,  most methods of 

f l o w a b i l i t y  e v a l u a t i o n  g i v e  r e p r o d u c i b l e  r e s u l t s  only 

f o r  noncohesive m a t e r i a l s  ( 3 ,  9 ) .  

There i s  a need f o r  s imple methods of e v a l u a t i n g  
t a b l e t  masses both i n  fo rmula t ion  work and i n  t h e  

p r o c e s s  c o n t r o l  du r ing  p roduc t ion  of t a b l e t  g r a n u l a t e s .  

Determination of weight v a r i a t i o n s  du r ing  t a b l e t i n g  i s  

t o o  t e d i o u s  a method f o r  t h i s  purpose and i s  d i f f i c u l t  
t o  s t a n d a r d i z e  s u f f i c i e n t l y  w e l l .  L i t t l e  has  been pub- 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



FLOW PROPERTIES OF POWDERS AND GRANULATES 457 

l n s h e d  regs-rding t h e  r e p r o d u c i b i l  i t y  of d i f f e r e n t  meth- 

ods ,  e s p e c i a l l y  when a p p l i e d  t o  niasses which are on t h e  

ve rge  of  g i v i n g  problems i n  t a b l e t  p r o d u c t i o n .  

The pu-rpose of t h i s  i n v e s t i q a t i o n  was t o  compare 

some s imple  methods o f  measuring f low p r o p e r t i e s  w i t h  

r e s p e c t  t o  r e p r o d u c i b i l i t y  and t h e  c o r r e l a t i o n  between 

them. For  t h e  s t u d i e s  w e  have chosen  methods which de- 

t e rmine  flow r a t e ,  a r c h i n g  t endency ,  c o m p r e s s i b i l i t y  on 

t a p p i n g  and a n g l e  of r e p o s e .  The methods w e r e  a p p l i e d  

t o  g r a n u l a t e s  and powder mixture:;  w i t h  a r ange  of den- 

s i t i e s  and c o h e s i v e n e s s  t o  cove r  t h e  r ange  from f r e e  

f lowing  t o  :?oorly per forming  t a b l . e t  masses. 

EX PI' RI MENTAI, 

Ma ter  i a 1  s 

Sodium c h l o r i d e  ( d e n t r i t i c  t:ype) , 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  ( , \v iceI@ PH 101 , FMC USA) and a c e t y l s a l i c y l i c  

a c i d  t y p e  7317, 7023, 7012 (Monseinto UK), were used  

w i t h o u t  g r a n u l a t i o n .  Lac tose  (DMV Ho l l and)  , l a c t o s e -  

c o r n s t a r c h  ,and aluminium hydrox ide-magne sium c a r b o n a t e  

( c o d r i e d  g e l s  F-MA 11, Armour I r e l a n d )  w e r e  g e t  granu-  

l a t e d  i n  t h e  c o n v e n t i o n a l  way. Di i~f feren t  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  w e r e  o b t a i n e d  by v a r i a t i o n  o:E t h e  d r y  

m i l l i n g  p rocedure .  

Methods 
The p a . r t i c l e  s i z e  d i s t r ibu t i i . on  was de te rmined  by 

s i e v i n g  (So:nic S i f t e r ,  Model L 3 ,  A l l e n  Brad ley )  and t h e  
mass median d i ame te r  was ca l cu la t . ed .  The l o o s e  bu lk  
d e n s i t y  ( D A )  and t h e  packed bulk  d e n s i t y  (DP) were 

measured wi-th a measur ing  c y l i n d e r  and an  Enqel.smann 

Stampvolume t e r  acco rd ing  t o  t h e  German S t a n d a r d s  ( D I N )  , 
53192 and 53194. The Hausner r a t i o  D / D  ( ' 7 )  was c a l c u -  
l a t e d  from t h e  bulk  d e n s i t i e s .  The r a t e  of  packing  was 

measured by p l o t t i n g  b u l k  d e n s i t y  a g a i n s t  packing  t i m e .  

P A  
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4 58 DAHLINDER, JOHANSSON, AND SJOGREN 

The t i m e  t o  reach 75  % of t h e  f i n a l  packing d e n s i t y  

change w a s  used t o  expres s  t h e  packing ra te .  

The flow rate  from a c y l i n d e r  with a 30 mm a p e r t u r e  

w a s  determined ( 8 )  immediately a f t e r  f i l l i n g  t h e  c y l i n d e r  

v i a  a powder funne l .  The same equipment w a s  used t o  

determine t h e  a p e r t u r e s  g i v i n g  complete block o r  flow. 

The a p e r t u r e  could be v a r i e d  from 5 mm t o  6 5  mm i n  i n -  

crements of 5 mm. Ten r u n s  w e r e  performed a t  each aper-  

t u r e .  When t h e  material  d r a i n e d  completely from t h e  

c y l i n d e r  it w a s  cons ide red  t o  flow. The r e s u l t s  are 
given as  t h e  minimum diameter  which allowed a l l  1 0  r u n s  

t o  flow as w e l l  as t h e  maximum diameter  which caused 

block i n  a l l  1 0  runs.  

The a n g l e  of repose w a s  determined i n  t h e  appa- 

r a t u s  shown i n  f i g u r e  1 .  The d i ame te r  of t h e  c i r c u l a r  

t a b l e  w a s  6 5  mm and it was surrounded by a l o n g i t u d i -  

F I G U R E  1 
Apparatus f o r  de t e rmina t ion  of  t h e  ang le  of repose 
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FLOW P R O P E R T I E S  OF POWDERS AND GWULA'II'ES 4s9 

n a l l y  d i v i s i b l e  c y l i n d e r .  The m a t e r i a l s  were f i l l e d  i n t o  

t h e  c y l i n d e r  through a funnel  and t h e  two p a r t s  of t he  

c y l i n d e r  w e r e  s l o w l y  sepa ra t ed .  'The angle  of repose w a s  

c a l c u l a t e d  from t h e  h e i g h t  of  t h e  powder cone remaining 

on t h e  t a b l e .  

The mean va lues  and t h e  r e l a t i v e  s t anda rd  devia- 

t i o n s  w e r e  c a l c u l a t e d  from t e n  de te rmina t ions  of t h e  

Hausner r a t i o ,  t h e  flow rate  and t h e  ang1.e of repose.  

RESULTS AND DISCUSSION 

Table 1 summarizes t h e  resL:.lts f o r  t h e  f l . o w  prop- 

er t ies  test .ed.  I t  i s  obvious t h a t  t h e  anq le  of repose 

measured i n  t h i s  s p e c i a l  way and Hausner r a t i o  can be 

determined with good r e p r o d u c i b i l i t y  even f o r  f a i r l y  

cohesive m a . t e r i a l s .  The r e l a t i v e  s t anda rd  d e v i a t i o n s  

were about 2 %. The flow r a t e  from t h e  c y l i n d e r  could 

no t  be determined f o r  t h e  more cohesive miaterials and 

t h e  r e l a t i v e  s t anda rd  d e v i a t i o n  f o r  t h e  flowing ma te r i -  

a l s  range from 3 .7  t o  2 5 . 3  %. The diameter a l lowing 

complete block o r  flow from t h e  c y l i n d e r  could be de- 

termined a c c u r a t e l y  f o r  a l l  materials.  

Determination of t h e  packing ra te  was, f a i r l y  t e d i -  

ous and t h e  r e s u l t s  d i d  no t  c o r r e l a t e  w i t h  o t h e r  mea- 

s u r e s  of f l o w a b i l i t y .  The ang le  of repose,  Hausner 

r a t i o  and flow r a t e  c o r r e l a t e d  w e l l  w i t h  each o t h e r .  
A.11 m a t e r i a l s  having a n  ang le  of  repose :Less than 52O 

flowed f r e e l y  through a 10 mm a p e r t u r e  and. f o r  less 

f ree  flowing m a t e r i a l s  t h e  a p e r t u r e  c o r r e l a t e d  reason-  
ab ly  w e l l  wi th  t h e  o t h e r  methods. 

CONCLUSION 

Our r e s u l t s  i n d i c a t e  t h a t  t h e  flow r a t e  from a 
c y l i n d e r  i s  of l i m i t e d  value f o r  t e s t i n g  t .ablet  granu- 
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FI.OW PIMPERTIES OF POWDERS AND GKANUIAT'ES 4 6 1  

l a t e s  because t h e  me thod  i s  o n l y  app1:ic:abl.e for mate- 
r i a l s  w h i c h  f l o w  w e l l .  H o w e v e r ,  3 . t  i s  poss.ible t o  

c h a r - a c  t e r i . z e  e v e n  f a i r l y  c o h e s i v e :  tab1.e t. y r a n u l  a t e s  

w i t h  qood r e p r o d u c i b i l i t y  u s i n g  t h e  d r a i - n e d  a n q l e  o f  

r e p o s e ,  H a u s n e r  r a t i o  a n d  o p e n i n q  diameter f o r  f r e e  

f:Low. 'These m e t h o d s  are r a p i d  a n d  e a s y  t o  use a n d  

deserve f u r t h e r  s t u d i e s  on t h e i r  s u i t a b i l i - t y  f o r  c o n -  

t r o l  o f  t a b l e t  g r a n u l a t e s  d u r i n g  f o r m u l a t i o n  arid p r o -  

d u c t i o n .  
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