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A B S T RAC T 

Pharmacopoeia1 r e q u i r e m e n t s  r e l a t i n g  t o  s t a n d a r d i z a t i o n  o f  t h e  

p h y s i c a l  per fo rmance o f  o r a l  dosage fo rms c o n t a i n i n g  powders a r e  

u s u a l l y  l i m i t e d  t o  t e s t s  on t h e  f i n a l  p r o d u c t .  

have t h e  c o r r e c t ,  nomina l ,  d r u g  c o n t e n t  and t h a t  t h e  d r u g  i s  

r e l e a s e d  i n t o  s o l u t i o n  w i t h i n  a s p e c i f i e d  t i m e .  W h i l s t  d i s s o l u t i o n  

o r  d i s i n t e g r a t i o n  t e s t  t o  assess d r u g  r e l e a s e  can o n l y  be c a r r i e d  

o u t  on a f i n i s h e d  dosage fo rm,  c o n t e n t  u n i f o r m i t y  t e s t s  c u r r e n t l y  

c a r r i e d  o u t  on t a b l e t s  o r  capsu les  a l o n e  c o u l d  a l s o  be u s e f u l l y  

c a r r i e d  o u t  e a r l i e r  on component powders a t  d i f f e r e n t  s tages  

d u r i n g  p r o c e s s i n g .  The a im of d e v e l o p i n g  a q u a l i t y  assurance p r o -  

cedure  f o r  q u a n t i f y i n g  t h e  homogeneity o f  powders p r i o r  t o  t a b l e t  

compact ion  o r  encapsu a t i o n  wou ld  be t o  p i n - p o i n t  more p r e c i s e l y  

t h e  p a r t  o f  a p rocess  where c o n t e n t  u n i f o r m i t y  p rob lems a r i s e .  

Secondly,  a good qua1 t y  assurance p rocedure  wou ld  p r o v i d e  f u l l  

Such t e s t s  a r e  aimed a t  e n s u r i n g  t h a t  a l l  t a b l e t s  o r  capsu les  
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910 S T A N I F O R T H ,  AHMED, AND LOCKWOOD 

mechan is t i c  i n f o r m a t i o n  about  t h e  behaviour  o f  a g i v e n  powder 

system, so t h a t  a p p r o p r i a t e  remedies c o u l d  be a p p l i e d .  
Eleven d i f f e r e n t  methods o f  t e s t i n g  homogeneity o f  powder 

mixes have been c i t e d  i n  pha rmaceu t i ca l l y  o r i e n t e d  l i t e r a t u r e  

and these w i l l  be reviewed i n  terms o f  t h e i r  use fu lness  as r o u t i n e  

qual  i t y  assurance procedures f o r  drug c o n t e n t  u n i f o r m i t y .  O f  

these 11 methods, 2 t e s t  methods were considered t o  be e s p e c i a l l y  

u s e f u l :  one based on a f l o w  t e s t  and t h e  o t h e r  on v i b r a t i o n  

a n a l y s i s .  Th i s  techniques has been v a l i d a t e d  u s i n g  a complet,e 

v i b r a t i o n  a n a l y s i s  and t e s t i n g  r i g  under c o n d i t i o n s  encountered 

d u r i n g  r o u t i n e  powder process ing.  

apparatus o f  t h e  same design i n  d i f f e r e n t  l a b o r a t o r i e s  as a means 

of assess ing t h e  r e p r o d u c i b i l i t y  o f  t h e  proposed qual  i t y  assurance 

method when used by d i f f e r e n t  personnel .  

I t  would be d e s i r a b l e  t o  see s tandard powder mixes t e s t e d  on 

I M T ROD U C T I ON 

The advent o f  p o t e n t  low-dose drugs has h i g h  l i g h t e d  problems 

Of  producing t a b l e t s  and capsules w i t h  a r e p r o d u c i b l y  h i g h  c o n t e n t  
u n i f o r m i t y .  

f o rmu la t i on ,  poor s e l e c t i o n  o f  p rocess ing  equipment, inadequate 

m i x i n g  and l a c k  o f  process c o n t r o l  a l l  c o n t r i b u t e  t o  drug seg- 

r a g a t i o n  which i s  e v e n t u a l l y  mani fested as a l o s s  o f  c o n t e n t  

u n i f o r m i t y  i n  a ba tch  o r  batches o f  t a b l e t s  o r  capsules.  

C u r r e n t l y ,  t h e  o n l y  c o n t e n t  u n i f o r m i t y  qual  i t y  c o n t r o l  proce-  

dure f o r  most t a b l e t s  and capsules which a r e  t h e  s u b j e c t  o f  o f f i -  

c i a l  monographs i s  by a n a l y s i s  o f  mean drug c o n t e n t  o f  20 t a b l e t s  

which have been ground t o g e t h e r  ( 1 ) .  T r a i n  ( 2 )  r e a l i z e d  t h a t  such 

an assay procedure c o u l d  p r o v i d e  a s a t i s f a c t o r y  mean va lue,  even 

though i n d i v i d u a l  t a b l e t s  showed l a r g e  v a r i a t i o n s  about  t h e  mean. 
The BP recognized t h e  importance o f  t h i s  problem when i n  1973 i t  

in t roduced  a requi rement  o f  i n d i v i d u a l  t a b l e t  assays f o r  

I n s u f f i c i e n t  a t t e n t i o n  t o  p a r t i c l e  o r  powder p r o p e r t i e s  i n  a 
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QUALITY ASSURANCE IN PHARMACEUTICAL POWDER PROCESSING 911 

"mic rodose"  p r e p a r a t i o n s .  As we1 1 as  s p e c i f i c  p rob lems a s s o c i a t e d  
w i t h  i n t e r p r e t a t i o n  o f  t h e  d a t a  wh ich  such an assay  p r o v i d e s  ( 3 1 ,  
t h e r e  a r e  a l s o  more g e n e r a l  p rob lems such as t h e  i n a b i l i t y  t o  de- 

t e c t  ba tches  where l o s s  o f  homogeneity has o c c u r r e d  up  u n t i l  t h e  

t e s t i n g  o f  t h e  f i n i s h e d  p r o d u c t .  Second ly ,  such l a t e  t e s t i n g  p r o -  

v i d e s  no i n f o r m a t i o n  c o n c e r n i n g  th-. p o i n t  o f  f a i l u r e  n o r  t h e  mech- 
anisms by  wh ich  c o n t e n t  u n i f o r m i t y  has been l o s t .  

w i t h  c u r r e n t  pharmacopoeia1 t e s t i n g ,  a s i m p l e  r e p r o d u c i b l e  and 

i n f o r m a t i v e  t e s t  i s  r e q u i r e d  by wh ich  t a b l e t  c o n t e n t  u n i f o r m i t y  

under  r e a l i s t i c  p r o c e s s i n g  c o n d i t i o n s  can be assessed. The t e s t  
s h o u l d  be capab le  o f  b e i n g  pe r fo rmed  on powder mixes  p r i o r  t o  

p r o c e s s i n g  i n t o  t a b l e t s  o r  capsu les  and s h o u l d  r e f l e c t  t h e  a c t u a l  

homogeneity l i k e l y  t o  be encoun te red  when those  f i n i s h e d  dosage 

forms a r e  a c t u a l l y  p roduced.  Such a model t e s t  systeni  shou ld  a l s o  

be capab le  o f  a c t i n g  as  e i t h e r  a pre-formulation/formulation t o o l  

wh ich  c o u l d  be used t o  sc reen  p o t e n t i a l  f o r m u l a t i o n  a t  an e a r l y  

s tage ,  o r  as an i n - p r o c e s s  q u a l i t y  assurance t e s t  p r i o r  t o  compac- 

t i o n  o r  e n c a p s u l a t i o n .  

od o f  c h o i c e  w i l l  s u b j e c t  powder mixes  t o  c o n d i t i o n s  wh ich  r e f l e c t  

t h e  most r i g o r o u s  process  c o n d i t i o n s  wh ich  t h e  powder m ix  w i l l  

meet d u r i n g  p r o d u c t i o n .  Powder systems wh ich  pass a s u i t a b l y  v a l i -  

d a t e d  t e s t  p rocedure  wou ld  t h e n  be c o n s i d e r e d  t o  be p h y s i c a l l y  

s t a b l e ,  non -seg raga t ing  and capab le  o f  p r o d u c i n g  t a b l e t s  o r  cap- 
s u l e s  o f  a h i g h  u n i f o r m i t y .  

However, t h e r e  a r e  a l m o s t  as many t e s t  methods f o r  a s s e s s i n g  

S e g r e g a t i o n  tendency  and p h y s i c a l  s t a b i l  i t y  o f  powder mixes  as 

I n  o r d e r  t o  s o l v e  b o t h  s p e c i f i c  and genera l  p rob lems a s s o c i a t e d  

I t i s  c l e a r  f rom t h  c r i t e r i a  s e t  o u t  above t h a t  t h e  t e s t  meth- 

those  c a r r y i n g  o u t  r e s e a r c h  i n  t h i s  f 
can be d i v i d e d  i n t o  5 ma in  c a t e g o r i e s  

( 1  ) S i e v e  methods, where t h e  powder m 

t i o n ,  vacuum o r  r o l l i n g  on t e s t  s 

o f  t i m e .  

e l d .  The t e s t  methods used 
( s e e  a l s o  t a b l e  1 ) .  

xes a r e  s u b j e c t e d  t o  v i b r a -  

eves f o r  d i f f e r e n t  l e n g t h s  
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9 12 STANIFORTH, AHMED, AND LOCKWOOD 

TABLE 1 

Methods Used t o  Assess t h e  Phys i ca l  S t a b i l i t y  o r  Segregat ion 

Tendency o f  Pharmaceut ical  Powder Mixes ( 4 ) .  

CATEGORY ( 1 )  

( a )  De-agglomerat ion t e s t  ( 5 )  

A 59 sample o f  t h e  powder m i x  i s  p laced  on a n e s t  o f  f o u r  

s ieves o f  2.0 cm d iameter  w i t h  a c o l l e c t o r .  D i f f e r e n t  s i e v e  

a p e r t u r e s  a r e  s e l e c t e d  acco rd ing  t o  t h e  m i x t u r e  be ing  analysed. 

Each s i e v e  l e v e l  i s  assayed f o r  d rug  c o n t e n t  f o l l o w i n g  manual 

s i e v i n g .  The e x p e r i m e n t a l l y  determined c o n c e n t r a t i o n s  a r e  then  

r e l a t e d  t o  t h e  t h e o r e t i c a l  amounts which would be expected f o r  

an ordered m i x ;  s u r f a c e  area r a t i o s  may a l s o  be used t o  assess 

ordered mix f o r m a t i o n .  

( b )  S i n g l e  v i b r a t i n g  s i e v e  t e s t  (6,7) 

I n  t h e  method used by Stephenson and T h i e l  ( 6 ) ,  sample weights  

v a r y i n g  f rom 0.1259 t o  4 g a r e  assayed f o l l o w i n g  v i b r a t i o n  on a 

s i e v e  w i t h  an a p e r t u r e  coarse mough  t o  a l l o w  unbound o r  d i s -  

lodged drug p a r t i c l e s  t o  pass through t o  t h e  c o l l e c t o r .  

Stephenson and T h i e l  ( 6 )  used a 100 m d iameter  s i e v e  mesh was 

v i b r a t e d  on a Russel F inex  shaker f o r  one hour .  
Using t h e  method dev ised by Malmqvis t  and Nystrom (7 ) , t he  s i e v e  

i s  repea ted ly  t i l t e d  so as t o  cause powder t o  move back and 

f o r t h  across t h e  s i e v e  mesh.The o s c i l l a t o r y  a c t i o n  was mechan- 

i s e d  and a tapp ing  f u n c t i o n  i n t r o d u c e d  a t  each end o f  t h e  t i l t -  

i n g  cyc1e.A 5.00 g sample s i z e  and a 90 m s i e v e  a p e r t u r e  diam- 

e t e r  were used and t h e  s i e v e  was t i l t e d  20 t imes  b e f o r e  a n a l y -  

s i s  o f  unders i ze  and o v e r s i z e  drug con ten t .Th is  t e s t  produced 

lower  removal f o r c e s  than e i t h e r  t h a t  used by Stephenson and 

T h i e l  ( 7 )  o r  r e p l a c i n g  t h e  t i l t i n g  mechanism w i t h  a son ic  s i f t -  

e r  when p a r t i c l e s  were s ieved  f o r  10 minutes.  
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QUALITY ASSURANCE IN PHARMACEUTICAL POWDER PROCESSING 913 

( c )  S i n g l e  a i r - j e t  s i e v e  t e s t  (7 ,8 )  

An a i r - j e t  s i e v e  method has been used by  T r a v e r s  ( 8 ) , i n  an  an- 

a logous  manner t o  t h a t  d e s c r i b e d  above i n  method ( b ) , a l t h o u g h  

s p e c i f i c  e x p e r i m e n t a l  d e t a i l s  a r e  n o t  reco rded .  

Ma lmqv is t  and Nys t rom ( 7 )  a l s o  used an a i r  j e t  s i e v e  t e c n i q u e  

i n  wh ich  t h e  a i r  s t ream was reduced t o  t h e  minimum wh ich  wou ld  

s t i l l  p roduce an a i r t i g h t  sea l  a t  t h e  s i e v e  9asket .A  sample 

s i z e  o f  5.00 g and a 90 m d i a m e t e r  s i e v e  mesh were used; the  

powder sample was s i e v e d  f o r  1 m inu te .  

( d )  V a b r a t i n g  d e - m i x i n g  t e s t  (9,19) 

A sample f r o m  t h e  powder mix  i s  p l a c e d  i n  a j a r  on a s i e v e  

s h a k e r . F o l l o w i n g  v i b r a t i o n  f o r  d i f f e r e n t  t i m e s  up t o  30 m in -  

utes,20 s p o t  samples a r e  removed and assayed f o r  d r u g  c o n t e n t  

and t h e  pe rcen tage  cv  c a l c u l a t e d .  

CATEGORY ( 2 )  

( e )  J o l t i n g  vo lumete r  v i b r a t i o n  t e s t  ( 1  1 )  

powder w i t h  a volume o f  a p p r o x i m a t e l y  250 cm’ 

a f requency  o f  a p p r o x i m a t e l y  4 Hz .Fo l l ow ing  v 

d e r  samples w e i g h i n g  400 mg were ana lysed  f o r  

and t h e  pe rcen tage  cv  c a l c u l a t e d .  

A m o d i f i e d  j o l t i n g  vo lumete r  i s  used t o  s u b j e c t  a column o f  ,. 
b r a t i o n  a t  

on,20 pow- 

c o n t e n t  

t o  v 

b r a t  

d r u g  

( f )  Process  model v i b r a t i o n  t e s t  ( 1 2 )  

The powder sample i s  f i l l e d  i n t o  a perpex  h o l d e r  wh ich  can be 

s p l i t  i n t o  20 s e c t i o n s  f o r  ease o f  s p o t  samp l ing  f o l l o w i n g  

v i b r a t i o n . T h e  powder c o n t a i n e r  i s  f i x e d  t o  a v i b r a t i o n  t a b l e  

wh ich  i s  made t o  v i b r a t e  i n  s p e c i f i c  c o n d i t i o n s  w i t h i n  t h e  

f requency  range  25-100 Hz and f r o m  9.81 t o  39.24 rns-*(1-49) 

a c c e l a r a t i o n . T h e  range o f  a c c e l a r a t i o n  and f r e q u e n c i e s  was 

(continued) 
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914 STANIFORTH, AHMED, AND LOCKWOOD 

TABLE 1 CONTINUED 

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

p roduc t i on .Con ten t  u n i f o r m i t y  o f  t h e  powder f o l l o w i n g  v i -  

b r a t i o n  i s  asessed f r o m  d e t e r m i n a t i o n s  of  pe rcen tage  cv .  

( 9 )  Process model random v i b r a t i o n  t e s t  ( 1 3 )  

T h i s  t e s t  i s  e s s e n t i a l l y  s i m i l a r  t o  t h a t  d e s c r i b e d  above f o r  

t e s t  ( 9 )  ,except  t h a t  h e r e  d i f f e r e n t  random v i b r a t i o n  c o n d i -  

t i o n s  a r e  used i n  p l a c e  o f  comb ina t ions  o f  s p e c i f i c  f r e q u e n -  

c i e s  and a c c e l a r a t i o n s .  

CATEGORY ( 3 )  

( h )  P a r t i c l e  adhes ion  t e s t  ( 1 4 , 1 5 )  

A v e r y  sma l l  sample o f  powder i s  p l a c e d  i n  a s u i t a b l e  h o l d e r  

i n  an u l t r a c e n t r i f u g e  tube.The h o l d e r  may be a s p l i t  sphere  

t h e  two h a l v e s  o f  wh ich  a r e  sepera ted  b y  a s i e v e  mesh o f  ap- 

p r o p r i a t e  a p e r t u r e  d imens ions  t o  a l l o w  d i s l o d g e d  f i n e s  t h r o u g h  

and t o  r e t a i n  coa rse  e x c i p i e n t  p a r t i c l e s  and i n t a c t  o r d e r e d  

u n i t s . U s i n g  t h i s  method t h e  non-adher ing  d rug  f r a c t i o n  i s  

assessed by chemica l  assay o f  t h e  c o l l e c t o r  hernisphere.Al t e r -  

n a t i v e l y , t h e  h o l d e r  may be a p l a i n  b r a s s  p l a t e  i n t o  wh ich  f i n e  

h o l e s  have been d r i l l e d  wh ich  a r e  capab le  o f  r e t a i n i n g  s i n g l e  

o rde red  u n i t s ; o f  t h e  p l a t e  may have o r d e r e d  u n i t s  f i x e d  t o  i t  

by an epoxy r e s i n  adhes ive .Us ing  t h i s  method t h e  d r u g  f r a c t i o n  

i s  assessed by m i c r o s c o p i c  e x a m i n a t i o n  of  t h e  o r d e r e d  u n i t  

surface.A range o f  i n t e r p a r t i c l e  adhes ion  f o r c e s  can be as-  

sessed b y  app l  i c a t i o n  d i f f e r e n t  u l t r a c e n t r i f u g e  r o t o r  speeds. 

CATEGORY ( 4 )  

( i )  T a b l e t i n g  homogeneity t e s t  (16 )  

Homogeneous m i x t u r e s  were used t o  p roduce 200 rng t a b l e t s  on a 

r o t a r y  p r e s s  (Be ta  press,Manesty,UK) a t  a r a t e  o f  e i t h e r  
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915 QUALITY ASSURANCE IN PHARMACEUTICAL POWDER PROCESSING 

42.500 t a b l e t s  p e r  h o u r  o r  50.000 t a b l e t s  p e r  hour .50  t a b l e t s  

were removed randomly a f t e r  d i f f e r e n t  t i m e s  and assayed f o r  

d rug  c o n t e n t .  

( j )  Hopper v i b r a t i o n  t e s t  ( 1 7 )  

Exper imen ta l  d e t a i l s  of t h i s  t e s t  a r e  n o t  reco rded ,a l  though 

t h e  method i s  based on v i b r a t i o n  o f  a powder s i m p l e  i n  t h e  

hopper  o f  a s i n g l e  punch t a b l e t  machine f o r  one hour .  

CATEGORY ( 5 )  

( k )  Powder f l o w  t e s t  (18)  

T h i s  t e s t  i s  based on t h e  s e g r a t i o n  c e l l  deve loped by W i l l i a m s  

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

c e l l  i s  reduced i n  s i z e  t o  a box 15.2 x 13.3 x 2.54 cm wh ich  

h o l d s  a p p o x i m a t e l y  70  g o f  powder sample.Powder i s  pou red  i n t o  

t h e  box so t h a t  a " two-d imens iona l "  heap i s  formed.The powder 

heap i s  i m m o b i l i s e d  by i n s e r t i i o n  o f  a wedge and t h e  f r o n t  of  

t h e  box removed and r e p l a c e d  by  a samp l ing  template.Samples 

a r e  removed u s i n g  a number 1 c a p s u l e  d o s a t o r  and assayed f o r  

d rug  con t e n t  , 

(continued f rom page 911) 

( 2 )  V i b r a t i o n  methods, where a powder m ix  i s  v i b r a t e d  under  known 

c o n d i t i o n s ,  s e l e c t e d  t o  r e f l e c t  t hose  known t o  o c c u r  d u r i n g  

t a b l e t  p r o d u c t i o n .  

( 3 )  Adhes ion  f o r c e  methods, where a n  u l t r a c e n t r i f u g e  t e c h n i q u e s  i s  

used t o  de te rm ine  i n t e r p a r t i c l e  adhes ion  f o r c e s .  

( 4 )  Rea l -sys tem methods, where t h e  powder i s  s u b j e c t e d  t o  normal 
p rocess  c o n d i t i o n s  w i t h  no m o d e l l i n g  i n v o l v e d .  

( 5 )  F low methods where t h e  powder i s  a l l o w e d  t o  f l o w  i n t o  a heap 

i n  a samp l ing  box. 
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916 STANIFORTH, AHMED, AND LOCKWOOD 

Some o f  t h e  t e s t  methods l i s t e d  i n  Table 1 can be r u l e d  o u t  as 

hav ing use fu lness  f o r  t h e  purposes o f  a qua1 i t y  assurance method 

f o r  c o n t e n t  u n i f o r m i t y .  Thus, i n  ca tegory  1, none o f  t h e  t e s t  

methods have any r e l a t i o n s h i p  t o  e i t h e r  fundamental powder behav- 

i o u r  no r  t o  any process environment.  Many o f  t h e  t e s t s  i n  t h i s  

ca tegory  were designed t o  m o n i t o r  c o n s t i t u e n t  seg rega t ion  through 

breakdown o f  adhesive u n i t s  r a t h e r  than  p r o v i d e  an a n a l y s i s  o f  

complete powder m ix ing /de -m ix ing  behaviour .  F o r  these  reasons t e s t s  

i n  category 1 a r e  o f  l i t t l e  use f o r  t h e  purpose cons ide red  here.  

The category 3 t e s t s  were developed t o  produce accu ra te  q u a l i f i c a -  

t i o n  o f  i n t e r p a r t i c l e  f o r c e s  and c o u l d  p r o v i d e  m i s l e a d i n g  data if 

used t o  p r e d i c t  i n t a c t  powder systems. Category 4 
l i t t l e  use f o r  t h e  purposes cons ide red  here s i n c e  they  use tab -  

l e t i n g  machines as t e s t  i ns t rumen ts  and t h e r e f o r e  p r o v i d e  i n s u f f i -  

c i e n t  data t o o  l a t e  i n  t h e  process. 

Of  t h e  remain ing t e s t s ,  ( f )  i n  ca tegory  2 and ( k )  i n  ca tegory  

5 p r o v i d e  p o t e n t i a l l y  t h e  most u s e f u l  i n f o r m a t i o n  f o r  t h e  purposes 

considered here,  The work r e p o r t e d  below desc r ibes  a s i n g l e  t e s t  

combining a v i b r a t i o n  and f l o w  system which models t h e  environment 
i n  which a powder i s  processed i n t o  a t a b l e t .  The model uses a 

r e l a t i v e l y  smal l  mass o f  powder and i s  s imp le  t o  use and analyse.  

t e s t s  a r e  o f  

METHODS AND MATERIALS 

The f l o w / v i b r a t i o n  model i s  shown s c h e m a t i c a l l y  i n  f i g .  1 .  I t  

c o n s i s t s  o f  an i n te rchangeab le  b rass  chu te ,  o f  d i f f e r e n t  l e n g t h s  

and w id ths .  The ang le  o f  i n c l i n a t i o n  o f  t h e  c h u t e  t o  t h e  h o r i z o n t a l  

c o u l d  be changed between 25' and 60' u s i n g  a goniometer- type 

mount ing.  The c h u t e  assembly i s  r i g i d l y  clamped t o  a v i b r a t i o n  

t a b l e  and v i b r a t i o n  c o n d i t i o n s  on t h e  chu te  can be v a r i e d  ove r  a 

very wide range, I n  t h e  p resen t  s tudy,  v i b r a t i o n  was c o n f i n e d  t o  a 

frequency o f  50 Hz and an a c c e l e r a t i o n  o f  3 g (29 .43  ~ I S - ~ )  which 

represented t h e  more r i g o r o u s  v i b r a t i o n  c o n d i t i o n s  found on r o t a r y  

t a b l e t  machines i n  p r o d u c t i o n .  Powders were a l l owed  t o  f l o w  o f f  t h e  
chu te  i n t o  a c o l l e c t i n g  t r a y  f i t t e d  w i t h  a sampl ing m a t r i x  f rom 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



QUALITY ASSURANCE IN PHARMACEUTICAL POWDER PROCESSING 91 7 

Chute - 
Vibration Level Meter fa Ac;eleroneter -/ m 

1 I 
I I u 
Vibration lable 

Frequency 
Monitor 

Freq generator and 
power amplifier 

FIGURE 1 

Schemat ic  d iag ram o f  f l o w / v i b r a t i o n  s e g r e g a t i o n  model 

wh ich  20 samples, each o f  e i t h e r  100 o r  200  mg 2 1 mg, were removed 

f o r  a n a l y s i s  o f  d rug  c o n t e n t s .  The model d r u g  used i n  t h e s e  e x p e r i -  

ments was f i n e - p a r t i c l e  po tass ium c h l o r i d e  wh ich  was assayed u s i n g  

a t o m i c  a b s o r p t i o n  spec t ropho tomet ry .  

Mende l l  Co I n c ,  Route 52 ,  Carmel, USA) and K C L ;  as w e l l  as more 

complex t e r n a r y  and q u a t e r n a r y  systems, a l s o  c o n t a i n i n g  magnesium 
s t e a r a t e ,  t a l c  and c o l l o i d a l  s i l i c a  were i n v e s t i g a t e d  u s i n g  t h e  

f l o w  v i b r a t i o n  s e g r a t i o n  model.  I n  a l l  cases h i g h  powder homogen- 

i t y ,  r e p r e s e n t e d  by a c o e f f i c i e n t  o f  v a r i a t i o n  ( c v )  l e s s  t h a n  52 ,  

was ensured p r i o r  t o  f l o w / v i b r a t i o n  t e s t i n g .  I n  each t e s t ,  appear -  

ance o f  c o e f f i c i e n t s  o f  v a r i a t i o n  o f  d rug  c o n t e n t  between t h e  20 

s p o t  samples, g r e a t e r ,  t h a n  5% was t a k e n  as an i n d i c a t i o n  t h a t  t h e  

S imple  b i n a r y  systems c o n s i s t i n g  o f  T a b f i n e  S 1001 (Edward 
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918 STANIFORTH, AHMED, AND LOCKWOOD 

physical s t a b i l i t y  of the system was l ike ly  t o  lead t o  content 
u n i f o r m i t y  problems in fu l l - sca le  production. The higher the cv 7: 

value, the more frequent a n d  severe the appearance of content 
uniformity i n  production of tab le t s .  

RESULTS 

On 2 unvibrated chutes of d i f fe ren t  lengths,  a binary mix con- 
t a i n i n g  potassium chloride a n d  a sucrose-based tableting excipient 
Tabfine S 1001 (Edward Mendell Co Inc, Carmel , USA) showed some 
segregation ( f i g .  2 ) .  Unsurprisingly, segregation was most pro- 
nounced on the longer chute, b u t  on both chutes segregation was 
greatest  a t  low chute angles and i t  was interest ing t o  note t h a t  
close t o  those hopper angles designed t o  produce mass flow, i e  
50-60°, t h a t  segregation was a t  i t s  lowest. O n  vibrated chutes, 
segregation intensity increased s l i g h t l y  although again close t o  
angles promoting mass flow, segregation intensi ty  was lowest and 
l i t t l e  changed from the unvibrated systems ( f i g .  3 ) .  Chute length 
and  a marginal e f fec t  on segregation intensi ty  under these vibra- 
tion conditions ( f i g .  3 ) .  

l ized the binary mix  a t  a l l  chute angles, ( f i g .  4 ) .  I t  was con- 
sidered t h a t  the reason for  differences i n  segregation intensi ty  
for  the same powder mixes poured off chutes a t  d i f fe ren t  angles, 
was not  chute angle -- per se .  Rather, i t  was considered t h a t  the ro le  
o f  chute angle was t o  change powder residence times on the chute 
which would therefore change the time over which powders were 
subjected t o  vibration. Changes i n  chute surface roughness were 
made t o  investigate the role  o f  chute residence time. I t  was f o u n d  
tha t  for  a smooth-surfaced chute where residence times were u n i -  
formly low, t h a t  segregation remained consistently lower t h a n  f o r  
a rougher-surfaced chute where segregation was related t o  chute 
angle ( f i g .  5 ) .  I n  the case of t a l c  added as a quaternary component, 
there was v i r tua l ly  no change in the poor homogeneity of the powder 

A d d i t i o n  of a ternary component, magnesium s t e a r a t e ,  de-stabi-  
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CVX 

20 

10 

25 30 40 50 60 

Chute Angle (degrees t o  h o r i z o n t a l  1 

FIGURE 2 

S e g r e g a t i o n  tendency  o f  a b i n a r y  mix  o f  T a b f i n e  SlOOI/  1 /2% 

po tass ium c h l o r i d e  f o l l o w i n g  f l o w  on n o n - v i b r a t e d  c h u t e s  o f  

d i f f e r e n t  l e n g t h s :  0 - 1 2 "  c h u t e ;  . - 9 "  c h u t e  

system i n  compar ison w i t h  t h e  t e r n a r y  system ( f i g .  6 ) .  However, 

i n  t h e  case o f  c o l l o i d a l  s i l i c o n  d i o x i d e  added as a q u a t e r n a r y  

component, t h e  f l o w / v i b r a t i o n  model showed t h a t  t h i s  e x c i p i e n t  

r e - s t a b i l  i z e d  t h e  powder b l e n d ,  p r o d u c i n g  l o w e r  homogene i t i es  a t  

a l l  c h u t e  a n g l e s  o t h e r  t h a n  2 5 O ,  ( f i g .  6 ) .  
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30 

cvx 

20 

1c 

12" Chute 

7" Chute 
9" Chute 

25 30 40 50 60 

Chute Angle (degrees to horizontal) 

FIGURE 3 

S e g r e g a t i o n  tendency of a b i n a r y  m i x  o f  T a b f i n e  SlOOI/ 1 / 2 %  KCI 
fo l lowing  f low on d i f f e r e n t  l e n g t h  chutes under  v i b r a t i o n  a t  
50Hz and 29 ms-' 
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130 

100 

C V I  

60 

30 

\ 
Rough-surfaced chute 

'*\ a 

.a -y-*L*-* Smooth surfaced chute 

30 40 50 60 25 
Chute Angle (degrees to horizontal) 

FIGURE 5 

Segrega t ion  tendency  o f  a t e r n a r y  m ix  c o n t a i n i n g  Tab f ine iKC l  / 
I lagnesium S t e a r a t e  f o l l o w i n g  f l o w  on c h u t e s  h a v i n g  d i f f e r e n t  

su r face  roughness 

Changes i n  t h e  o r d e r  o f  a d d i t i o n  o f  t h e  q u a t e r n a r y  component, 

c o l l o i d a l  s i l i c a ,  made l i t t l e  d i f f e r e n c e  t o  t h e  s e g r e g a t i o n  behav- 

i o u r  o f  t h e  d r u g  component i n  t h i s  case, Thus, whe the r  c o l l o i d a l  
s i l i c a  was pre-mixed w i t h  magnesium s t e a r a t e  and added t o  a b i n a r y  

mix  of  KCI  and T a b f i n e  o r  i f  c o l l o i d a l  s i l i c a  was added t o  a 

t e r n a r y  m ix  of magnesium s teara te /KCI  / T a b f i n e ,  appeared t o  have 
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no i n f l u e n c e  on t h e  s t a b i l i t y  o f  t h e  f i n i s h e d  qua te rna ry  mix 

( f i g .  6 ) .  

qua te rna ry  (Tabf ine/KCI /Mg Stearate/SiOp)  mixes, t h e  main source 

of seg rega t ion  occured d u r i n g  f l o w  o f f  t h e  chu te  ( f i g .  7 ) .  
I n  a l l  cases, powders sampled i n  t h e  hopper p r i o r  t o  f e e d i n g  

I n  b i n a r y  (Tabfine/KCI ) ,  t e r n a r y  (Tabf ine/KCI ,/Mg S t e a r a t e )  o r  

on t o  t h e  chu te  showed s i m i l a r  homogeneity t o  t h e  same powders 

sampled i n  t h e  m i x e r .  Segregat ion was h i g h e s t  i n  t h e  t e r n a r y  

m i x  because o f  t h e  d e - s t a b i l i z i n g  e f f e c t  o f  magnesium s t e a r a t e  on 

t h e  d r u g / e x c i p i e n t  b i n a r y  adhesive u n i t s .  The qua te rna ry  system 

was more s t a b l e  and homogeneous than t h e  t e r n a r y  system, due t o  

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

D I S C U S S I O N  

The f l o w / v i b r a t i o n  seg rega t ion  t e s t  method has been used t o  
separate d i f f e r e n t  types o f  powder behaviour  had i d e n t i f y  those 

e x c i p i e n t / d r u g  combinat ions and process c o n d i t i o n a l  1 i k e l y  t o  

l e a d  t o  homogeneity problems i n  f u l l - s c a l e  p r o d u c t i o n .  Because 

b o t h  f l o w  and v i b r a t i o n  c o n d i t i o n s  can be a l t e r e d ,  a model can be 

produced which a c c u r a t e l y  m i r r o r s  s p e c i f i c  p r o d u c t i o n  processes 
f o r  a g i v e n  f o r m u l a t i o n .  

n a t i o n a l  pharmaceut ica l  companies as an a i d  t o  f o r m u l a t i o n  d e v e l -  

opment and problem s o l v i n g  and has proved t o  be capable o f  c l o s e l y  

m o d e l l i n g  p r o d u c t i o n  c o n d i t i o n s  u s i n g  smal l  powder samples i n  

r i g i d l y  c o n t r o l l e d  t e s t  c o n d i t i o n s .  

t end  i t s  a p p l i c a t i o n  t o  qua1 i t y  assurance t e s t i n g  o f  a wide 

v a r i e t y  o f  powder mixes. 

Th is  t e s t  method has a leady been used by a number o f  i n t e r -  

We a r e c u r r e n t l y c o n t i n u i n g  work t o  r e f i n e  t h e  t e s t  and t o  ex- 
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