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ABSTRACT 

A method was developed f o r  c o a t i n g  non-unlform g r a n u l a r  

p a r t l c l e s  I n  a u n i f o r m  and c o n t r o l  led manner. S p e c i f i c  s u r f a c e  

area was c a l c u l a t e d  based on t h e  s leve -ana lys l s  da ta  of uncoated 

theophyl  I l ne  g ranu les  which was used as t h e  model compound. 

Theophy l l l ne  granu les  were coated w l t h  d l f f e r e n t  amounts of 

Eudrag l t "  L30D u t i l l z l n g  a Wurster c o a t i n g  apparatus. The ln= 

y l t r o  d l s s o l u t l o n  r a t e  p r o f i l e s  o f  severa l  batches were de- 

termined. Standard d l s s o l u t l o n  curves  were e s t a b l l s h e d  based 

on t h e  amount of Eudrag l t "  L30D a p p l i e d  pe r  u n l t  area of theo- 

p h y l l l n e  granu les .  Uslng these curves  as a standard, a p r e d l c t l o n  

o f  d l s s o l u t l o n  r a t e  c o u l d  be made based on t h e  knowledge of 

s p e c l f  I c  s u r f a c e  area of t h e  theophyl  I l n e  granu les  and t h e  

amount o f  c o a t l n g  app I led. 
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574 L I  ET A L .  

J NTRODUCT I ON 

Fl lm-coated t a b l e t s  can be prepared by d e p o s l t l n g  one o r  

more f l lm- fo rm lng  polymers o n t o  t h e  c o r e  s u r f a c e  u s l n g  

d l f f e r e n t  types  o f  equipment and a wlde v a r l s t y  of c o a t l n g  

procedures.  These processes a r e  eas I I y c o n t r o l  led and a r e  

w e l l  d e f l n e d  due I n  l a rge  measure t o  t h e  n a t u r e  of t h e  

p a r t l c u l a r  t e b l e t  f o r m u l a t l o n .  

t ion  a r e  compressed t o  a spec I f  l c  s e t  o f  requ l rements ( 1 .e. , 
th lckness ,  shape and we lgh t ) .  Therefore,  each ba tch  o f  

t a b l e t s  of  a g l ven  we lgh t  w l  I have a u n l f o r m  apparent  

su r face  area  t o  be coated.  n a d d l t l o n ,  I f  t h e r e  Is 

u n i f o r m  spray lng/ tumbl  Ing  i n  t h e  equlpment, each t a b l e t  I n  

t h e  c o a t l n g  o p e r a t l o n  a t  any p a r t l c u l a r  t l m e  should be 

r e p r e s e n t a t i v e  o f  every o t h e r  t a b l e t .  Therefore,  t h e  amount 

o f  c o a t l n g  a p p l i e d  Is e a s i l y  determlned d u r l n g  t h e  process 

by m o n i t o r i n g  t h e  we lgh t  g a l n  of a group of t a b l e t s  under- 

going t h e  c o a t l n g  o p e r a t l o n  ( 1 ) .  U s u a l l y  t h e  f l n l s h e d  t a b l e t  

c o n t a l n s  no more than  2 t o  5 percen t  by we lgh t  o f  t h e  c o a t i n g  

m a t e r l a l  ( 2 ) .  

Tab le ts  o f  a g i v e n  formula-  

Non-un 1 form granu I a r  systems can be coated  w 1 t h  f I I m- 

forming polymers as w e l l  ( 3 , 4 ) .  I t  Is ve ry  d i f f l c u l t  t o  

mon l to r  t h e  welght  g a l n  d u r l n g  such a process because each 

p a r t l c l e  Is l r r e g u l a r l y  shaped and t h e  we igh ts  o f  t h e  

p a r t l c l e s  a r e  n o t  un i fo rm.  Even I f  t h e  p a r t l c l e s  were 

unl form,  It would p resen t  a c h a l l e n g e  t o  t h e  f o r m u l a t o r  t o  
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COATING NON-UNIFORM GRANULAR PARTICLES 575 

we lgh a representat  1 ve number o f  p a r t  i c  I es t o  mon 1 t o r  t h e  

weight ga ln du r lng  the  process. Therefore, I n  a m u l t i -  

p a r t l c u l a t e  coa t ing  operation, t h e  formulator  does n o t  

have t h e  convenience o f  belng able t o  monitor t h e  amount o f  

coa t i ng  appl ied per u n l t  sur face area by us ing t h e  welyht 

g z i n  measurement. 

w I t h  coat  I ng mu I t  l p a r t  I cu  I a t e  granu I a r  subs-kances usua I I y 

employ two concurrent  methods t o  c o n t r o l  t h e  process: 

( 1 )  use a narrow s ieve f r a c t i o n  o f  t h e  uncoated granules; 

and, (2 )  apply a f l x e d  weight o f  polymerlc substance by using 

a s p e c l f l c  amount o f  coa t i ng  suspensian o r  s o l u t l o n  ( 3 , 4 ) .  

The former method i s  n o t  c o s t  e f f e c t i v e  because n o t  a l l  of 

t h e  raw mate r l s l  can be u t i l i z e d  from a given batch. I n  

add t i o n ,  there Is a possfblllty t h a t  variation fn surface 

a re  can occur between two l o t s  o f  granular  ma te r la l  t h a t  

meet a given mesh f r a c t i o n  s p e c l f l c a t l o n s .  For example, i f  

two l o t s  a re  l abe l l ed  as 12/20 mesh mater ia l ,  one cou ld  be 

12/14 mesh w h i l e  t h e  o the r  could be 18/20 mesh. Most of t h e  

t lme t h e  l a t t e r  method 1s e f f e c t i v e .  However, i f  t h e r e  i s  

skewing of t h e  mesh f r a c t i o n  as already mentioned, t h e r e  Is 

a p o s s i b i l i t y  t h a t  t h e  c o a t i n g  operat ion w i l l  r e s u l t  i n  a 

product t h a t  could be o u t  o f  s p e c l f i c a t i o n .  I t  Is t h e  

purpose of  t h l s  r e p o r t  t o  show a convenient means o f  coa t i ng  

non-uniform granular  p a r t l c l e s  I n  a un l form fashion and t o  

For t h l s  reason, most processes deallng: 
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5 76 LI ET AL. 

use t h e  method as a t o o l  t o  determlne t h e  amount of  c o a t l n g  

t o  apply.  
EXPER I P I E N T L  

Mataw 

Theophyl I Ine  anhydrous granu lesarb  and t a l c c  were USP 

grade. Po lye thy lene  g l y c o l  8000d and xanthum gume ( K e l t r o l " )  

t" L30Df 

c a c l d  and 

I 

were NF grade. The c o a t i n g  system conta ined Eudrag 

wh l c h  cons l s t e d  of a cop0 I ymer of  acry  I Ic-methacry I 

acry I Ic-methacry I i c  ac I d  methy I or e thy  I e s t e r s .  A 

reagents were a n a l y t f c a l  grade or b e t t e r .  

U d  

The c o a t l n g  experlments were conducted us lng  two 

d l f f e r e n t  a l r  suspension c o a t i n g  columnsgrh. 

The d l s s o l u t l o n  t e s t s  were conducted u s l n g  apparatus I I, 

USP XXI/NF XVI  w l t h  paddle.  

used I n  t h i s  study. 

granules were used w l t h  900 mL of d l s s o l u t l o n  medlum a t  37OC. 

The d i s s o l u t i o n  medlur, cons l s ted  of a pH 3.0 phosphate b u f f e r .  

Samples were removed a t  s u i t a b l e  t i m e  i n t e r v a l s .  The 

c o l l e c t e d  samples were assayed s p e c t r o p h o t o m e t r l c a l l y  u s l n g  a 

Beckman DU@-6 spectrophotometer l  a t  271 nm for theophy l  I fne 

conten t .  

A g l t a t l o n  speed o f  50 rpm was 

F l v e  hundred m l  I I lgrams of coated 

--- 
The slze d l s t r l b u t i o n  of t h e  t h e o p h y l l i n e  granu les  was 

evaluated b y  a s leve -ana lys l s  techn lque u s i n g  a s e t  of U . S .  
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COATING NON-UNIFORM GRANULAR PARTICLES 577 

TABLE I 

Composl t lon of  Coa t ing  D l s p e r s l o n  

Eudrag l t "  L30D ( S o l i d  Conten t )  
Ta lc ,  USP 
Po lye thy lene  G lyco l  8000, NF 
K e l t r o l '  ( f o o d  grade)  
D 1s t  i I I ed Water 

53.7 
40.6 

5.3 
0.4 
q.s. 

welght  t h a t  was r e  

and recorded.  Dup 

theophyl  I lne.  The 

s tandard s ieves,  namely #20, #30, #40, #50, #60 and base 

pan. The s l e v i n g  load was 100 grams. The s i e v e  n e s t  was 

shaken u s i n g  an au tomat lc  s h a k e r j  f o r  t e n  minutes.  The n e t  

a ined on each s i e v e  was t h e n  determlned 

l c a t e  samples were r u n  for  each b a t c h  of 

average va lues  were used f o r  t h e  

c a l c u  I a t  i o n  of p a r t  I c  l e  s I z e  d l s t r  i b u t  ion. 

LrllLLllBDSL& 

The t r u e  d e n s i t y  o f  each sample of t h e o p h y l l l n e  g ranu les  

hod. was determined by us 

D&&HX&k?R 

A predetermined 

ng a s o l v e n t  d isp lacement  me 

amount o f  t h e o p h y l l i n e  granu es was 

coated  I n  an a l r -suspens lon  column u s l n g  an E u d r a g i t "  L30D 

d l spe rs  lon.  The compos it ion  f o r  t h e  d l spe rs  l on  i s  presented  

I n  Tab le  1 .  D i f f e r e n t  amounts of t h e  Eudrag i t "  L30D c o a t i n g  

were app l i ed  t o  t h e  t h e o p h y l l l n e  g ranu les  by sp ray lng  p re -  

determined amount of t h e  c o a t  Ing  d l spe rs  Ion  o n t o  t h e  

t h e o p h y l l l n e  granu les .  Samples were taken  a t  a p p r o p r l a t e  
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5 78 

i n t e r v a l s .  I n  a l l ,  

f o r  t e s t i n g  and eva 

a t o t a l  o f  36 sarnp 

u a t i o n  of t h e  resu 

L I  ET AL. 

es were c o  I I ec ted  

t s .  

Sur face area can be r e l a t e d  t o  p a r t i c l e  s l z e  by p l o t t i n g  

p a r t i c l e  s l z e  versus cumu la t i ve  welght  percentage o v e r s l z e  f rom 

s i e v e  a n a l y s l s  da ta  on a logarlthrnlc-probability g r l d .  

L i n e a r i t y  of t h l s  p l o t ,  shown i n  F l g u r e  I ,  Is i n d i c a t i v e  o f  B 

Iog-norm1 d l s t r  l b u t  l o n  ( 5 ) .  The geornetr fc mean d lameter  (dg )  

can be deterrnlned d i r e c t l y  f rom t h e  p l o t  b y  deterr r i in lns t h e  

p a r t i c l e  s l z e  which corresponds t o  t h e  50 pe rcen t  p r o b a b l l  l t y  

va lue.  The geometr ic  s tandard d e v i a t i o n  (rig) for each log- 

norrnal d l s t r l b u t i o n  m a l e r l b l  can be c a l c u l a t e d  f rom t h e  

equat ion:  

ng = 84.13% siZ5 
50% s i z e  

where t h e  numerator va lue  i s  t h e  e x t r s p o l z t e d  va lue  a t  

84.13% o v e r s i z e  from F i g u r e  1 .  

The c a l c u l a t i o n  of s p e c i f i c  su r face  area  from a log- 

normal d s t r i b u t l o n  has been r e p o r t e d  by Herdan ( 5 1 ,  based on 

an equat on d e r l v e d  by Hatch and Choate ( 6 ) .  

d l s t r i b u t i o n  by welght, t h e  equa t lon  f o r  mean volurrie-surface 

d iameter  ( d v s )  was expressed by P a r r o t t  ( 7 )  as: 

Fo r  a s l z e  

l og  dvs = l og  dg - 1.151 l og2  og 
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COATING NON-UNIFORM GRANULAR PARTICLES 579 

1 1 I I 1 

0.1 1 10 30 50 70 90 

CUMULATIVE PERCENT FREOUENCY OVERSIZE (Probabi  1 i t y  S c a l e )  

FIGURE I 
P l o t  of Log-Normal Size D l s t r l b u t l o n  for  Theophyl I Ine  
Granu I es 

Pssumlng t h e  p a r t i c l e s  were spher i ca l ,  t h e  s p e c l f  l c  s u r f a c e  

area ( S A )  was expressed by Mar t i n ,  e i  al ( 8 )  as: 

SA = 6 
"d,, 

where D =  t r u e  d e n s i t y  

RESULTS- e m  Bl~USS_slPNS 

A s e r i e s  of c o a t i n g  experlments were c a r r i e d  o u t  w l t h  

e i s h t  d l f f e r e n t  batches of theophyl  I l ne  g ranu les .  

g ranu les  were coated I n  an Aeromatlc S-4 column w l t h  t h e  

formulz g i ven  I n  Teble I .  

The 
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L I  ET A L .  

P a r t i c l e  s l z e  d i s t r i b u t i o n  and t h e  t r u e  d e n s l t y  o f  each 

of t h e  e l g h t  batches of t h e o p h y l l i n e  granu les  were 

deterrnlned. 

su r face  area f o r  each o f  these batches were then  c a l c u l a t e d  

(Tab le  2 ) .  

appl led  t o  each o f  t h e  e l g h t  batches of t h e  theophyl  I I ne  

granu les .  A t  v a r l o u s  t i m e  i n t s r v s l s  th roughout  each of t h e  

e l y h t  c o a t l n g  cyc les ,  samples were withdrawn and t h e  amount of 

coa t  i ng  appl led  per  u n i t  area (cm2) was c a l c u l a t e d .  

maxlmum amount a p p l l e d  on each of  t h e  e i g h t  batches i s  

presented In Tab le  2. 

The geomeir l c  mean d lameter and t h e  s p e c i f  I c  

D l f f e r e n t  amounts o f  t h e  c o a t i n g  suspenslon were 

The 

A graph of pe rcen t  o f  t h e o p h y l l i n e  re leased  versus t h e  

amount of Eudrag i t "  L30D appl  ied  pe r  cm2 of theophyl  I l n e  

g ranu les  for  a l l  36 samples was c o n s t r u c t e d  ( F i g u r e  2 ) .  The 

t h r e e  curves  show t h e  pe rcen t  theophy l  I l n e  re leased a t  

t h r e e  d i f f e r e n t  t i m e  l r t e r v a l s ;  namely, I r  2 and 3.5 hours.  

Uslng these  curves  as a s tandard and knowlng t h e  s u r f a c e  area  

o f  any ba tch  o f  t h e o p h y l l l n e ,  t h e  d e s i r e d  d l s s o l u t i o n  r a t e  

p r o f l l e  c o u l d  be ob ta ined.  

To t e s t  t h i s  hypothes ls ,  two l o t s  o f  theophy l  I l n e  

granu l e s 8  hav lng spec I f  l c  su r face  area of 97 and 65 cm2/g 

r e s p e c t i v e l y ,  were coated  w i t h  t h e  same amount o f  c o a t l n g  

suspension o f  t h e  fo rmula  I n  Tab le  I .  The da ta  showed 

dramat ic  d i f f e r e n c e s  I n  d i s s o l u t i o n  p r o f  i le between these  two 

batches o f  coated granu les  ( F i g r e  3 ) .  T h l s  exper iment  
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AMOUNT OF E U D R A G I P  L 3 0 D  A P P L I E D  PER U N I T  SURFACE AREA (mg/cmZ) 

FIGURE 2 
Percent of  Theophyl I Ine Released Versus Amount of 
EudragftO L3OD Appl led per U n l t  Surface Area (mg/cm*). 
[Key: - F l r s t  Hour In te rva l ,  a - S e c o n d  Hour I n t e r v a l ,  
O-Three and One Hal f  Hour In te rva l ] .  

pointed o u t  l h a t  t h e  spec l f  I c  surface area o f  raw mate r ia l  

should be c l o s e l y  monitored so as t o  o b t e l n  a cons ls ten t  

coa t ing  I n  order t o  c o n t r o l  t h e  re lease r a t e .  However, 

s u f f l c l e n t  data should be generated f o r  a s p e c l f l c  f o rmu la t i on  

so as t o  e s t a b l l s h  a standard c o r r e l a t l o n  of t h e  va r lab les  

Involved which i n  t u r n  can be u t 1 I I z e d  t o  o b t a l n  a batch t o  

batch un I f o r m l t y  . 
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+- z 
w " 
OL 
w a 

0 1 2 3 3.5 4 

TIME (Hours)  

FIGURE 3 
Dissolution P r o f i l e  o f  Samples from Batches Prepared w i t h  
Two D i f f e r e n t  L o t s  o f  T h e o p h y l l i n e  Granu les  Coated w i t h  
t h e  Same Leve ls  of Eudrag I t "  L30D Polymer Conten ts  Using 
18 Inch  Wurster  Coater  F i t t e d  on t o  G l a t t  GPCG 60/100. 
[Key: X-Batch I ( S p e c i f i c  Sur face  Area of Theophyl I ine:  
65 crn2/g), O-Batch 2 (Spec i f  i c  Sur face  Area of 
Theophyl I i n e  97 cm2/g)l. 

€QNLU_SI_)N 

Based on t h e  d a t a  and d i s c u s s i o n  presented  I n  t h i s  paper, 

it i s  apparent  t h a t  t h i s  approach a l l o w s  t h e  use o f  g ranu les  

from any b a t c h  o f  n i a t e r i a l  t o  be coated  i n  a u n i f o r m  manner, 

as long as t h e  s p e c i f i c  s u r f a c e  area  o f  t h e  g ranu les  of raw 

m a t e r i a l  can be determined.  I n  o t h e r  words, t h e  s p e c i f  I c  
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5 84 LI ET A L .  

su r face  area  o f  t h e  raw m a t e r l a l  should be c l o s e l y  mon l to red  

I n  o rde r  t o  achieve a c o n s l s t e n t  c o a t l n g  process.  

S ince raw m a t e r l s l s  c o u l d  e x h i b i t  s l g n l f l c a n t  s p e c l f l c  

su r face  area v a r i a b i  I l t y  on a ba tch  t o  b a t c h  bas ls ,  and even on 

a drum t o  drum b a s l s  w l t h l n  a batch, t h e  exper lmenta l  approach 

presented I n  t h l s  paper can be used t o  mlnlrr i lze t h e  e f f e c t  o f  

those v a r l a t l o n s  on t h e  f l n a l  c o a t  l ng  process. 

p l o t  o f  pe rcen t  d rug  re leased versus amount o f  polymer a p p l i e d  

per  u n l t  a rea  o f  raw m a t e r l a l  can be u t l l l z e d  t o  e s t i m a t e  t h e  

des i red  d l s s o l u t l o n  r a t e  p r o f l l e .  
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