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FILM COATING APPLIED TO TABLETS I N  A 24"  ACCELA-COTA 

ABSTRACT 

A s imple techn ique  was developed t o  q u a n t i f y  t h e  amount o f  f i l m  

c o a t i n g  a p p l i e d  t o  i n d i v i d u a l  t a b l e t s .  A P lacket t -Burman 

exper imenta l  des ign  was used t o  determine t h e  p rocess ing  parameters 

i n  a 24"  Accela-Cota which can i n f l u e n c e  t h e  homogeniety o f  f i l m  

c o a t i n g  a p p l i e d  t o  t h e  t a b l e t s .  

w i t h i n  t h e  c o a t i n g  drum were ana 

c o a t i n g  m a t e r i a l .  The p rocess ing  

a f f e c t  t h e  f i l m  c o a t i n g  were: co 

f i l m  c o a t i n g  l i q u i d  a p p l i e d ;  and 

a b l e t s  f rom v a r i o u s  l o c a t i o n s  

yzed f o r  t h e  amount o f  f i l m  

parameters t h a t  were found t o  

t i n g  drum speed; amount o f  aqueous 

t h e  spray p a t t e r n .  The s t a r t i n g  

l o c a t i o n  o f  t h e  t a b l e t s  i n  t h e  t a b l e t  bed d i d  n o t  a f f e c t  t h e  amount 

o f  c o a t i n g  a p p l i e d  o r  t h e  v a r i a b i  i t y  o f  t h e  c o a t i n g .  D i f f e r e n t  

s i z e  and shape t a b l e t s  were found t o  behave s i m i l a r l y  as t o  what 

p rocess ing  parameters were s i g n i f  can t  i n  t h e  amount o f  c o a t i n g  

* 
Thomas Engineer ing,  Hoffman Es ta tes ,  I 1  
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SKULTETY ET A L .  618 

a p p l i e d  and t h e  v a r i a b i l i t y  between t a b l e t s .  For  i n d i v i d u a l  

t a b l e t s ,  t h e  s u r f a c e  coverage was found t o  be v e r y  un i fo rm.  

INTRODUCTION 

T a b l e t  f i l m  c o a t i n g  can be considered as t h e  a p p l i c a t i o n  o f  a 

c o a t i n g  m a t e r i a l  t o  a moving bed o f  t a b l e t s  w i t h  a stream o f  heated 

a i r  a p p l i e d  t o  f a c i l i t a t e  evapora t i on  o f  s o l v e n t .  I n  t h e  Accela-  

Cota t a b l e t  coa te r ,  a p e r f o r a t e d  drum i s  r o t a t e d  on i t s  h o r i z a n t a l  

a x i s  w i t h  d r y i n g  a i r  d i r e c t e d  th rough  t h e  t a b l e t  bed and exhausted 

through p e r f o r a t i o n s  i n  t h e  drum. The d i s t r i b u t i o n  o f  t h e  f i l m  

c o a t i n g  on t h e  t a b l e t s  i s  accomplished by t h e  r o t a t i o n  o f  t h e  

p e r f o r a t e d  drum which p r o v i d e s  movement t o  t h e  t a b l e t  bed. B a f f l e s  

can be added t o  t h e  drum t o  a i d  t h e  t a b l e t  movement and p r o v i d e  a 

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

m a t e r i a l .  

Poor t a b l e t  movement i n  t h e  drum can l e a d  t o  d i f f e r e n c e s  i n  

t h e  amount o f  f i l m  c o a t i n g  a p p l i e d  t o  each t a b l e t  d u r i n g  a c o a t i n g  

r u n .  T h i s  v a r i a t i o n  can r e s u l t  i n  such t h i n g s  as c o l o r  v a r i a t i o n ,  

b r i d g i n g  of t h e  i n t a g l i a t i o n s  on t h e  f i l m  coa ted  t a b l e t ,  and 

v a r i a b i l i t y  i n  d rug  r e l e a s e  i f  t h e  f i l m  i s  b e i n g  used as a 

d i f f u s i o n  b a r r i e r  ( 1 , 2 ) .  Prev ious work has been done u s i n g  

pho tog raph ic ,  p h o t o m u l t i p l i e r ,  o r  manual c o u n t i n g  techniques t o  

q u a n t i f y  t h e  amount o f  t i m e  a t a b l e t  spends w i t h  t h e  b u l k  o f  t h e  

t a b l e t  bed and t h e  amount o f  t i m e  t h e  t a b l e t  spends on t h e  s u r f a c e  

o f  t h e  t a b l e t  bed ( 2 , 3 , 4 ) .  T h i s  work i n v o l v e d  deve lop ing  a s imp le  

means t o  q u a n t i f y  t h e  amount o f  f i l m  c o a t i n g  a p p l i e d  t o  i n d i v i d u a l  
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t h e  amount o f  c o a t i n g  a p p l i e d  t o  t h e  t a b l e t s .  The u n i f o r m  

f i l m  c o a t  a p p l i e d  t o  t h e  s u r f a c e  o f  t h e  t a b l e t  was determ 

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

619 AMOUNT AND UNIFORMITY OF AQUEOUS FILM COATING 

t a b l e t s .  Us ing t h i s  techn ique  i n  a 2 4 "  Accela-Cota,  i t  c o u l d  be 

determined which process parameters i n f l u e n c e  t h e  homogeniety o f  

t h e  f i l m  c o a t i n g  a p p l i e d  t o  t h e  t a b l e t s .  A t  t h e  b e g i n n i n g  o f  t h e  

c o a t i n g  a p p l i c a t i o n ,  t a b l e t s  were s t a r t e d  a t  d i f f e r e n t  l o c a t i o n s  i n  

t h e  t a b l e t  bed t o  determine i f  s t a r t i n g  l o c a t i o n  would i n f l u e n c e  

t y  o f  t h e  

ned by 

EXPERIMENTAL 

A combinat ion o f  t h r e e  hydroxypropyl  m e t h y l c e l l u l o s e  polymers 

o f  d i  f f e r e n t  v i  s c o s i  t i es and hyd roxyp ropy l  c e l l  u l  ose were used as 

t h e  b a s i c  aqueous c o a t i n g  l i q u i d  (Table 1). P o l y e t h y l e n e  g l y c o l  400 

was added as a p l a s t i c i z e r .  

FD&C Blue Dye No. 1 (Blue 1) was used i n  t h e  aqueous coa t  

l i q u i d  as a marker compound which p r o v i d e d  a means t o  q u a n t i f y  

amount o f  f i l m  c o a t i n g  m a t e r i a l  a p p l i e d  t o  i n d i v i d u a l  t a b l e t s .  

t h e  amount o f  f i  v e r i f y  t h a t  B lue  1 c o u l d  be used t o  q u a n i t a t e  

c o a t i n g  m a t e r i a l  on t h e  t a b l e t ,  sprayed f i l m s  

spraybox apparatus (5)  which u t i l i z i e s  an a i r  

system i d e n t i c a l  t o  what was used i n  t h e  Acce 

were p repared  i n  

ng 

t h e  

To 

m 

a 

a t o m i z i n g  spray 

a-Cota. The aqueous 

f i l m  c o a t i n g  l i q u i d s  were sprayed on 3 and o n e - h a l f  i n c h  squares 

c u t  f rom t ransparency  f i l m  f o r  i n f r a r e d  c o p i e r s  ( 3 M  Company) which 

a l l owed  f o r  easy removal o f  t h e  f i l m s .  The sprayed f i l m s  were 

weighed and assayed f o r  t h e  amount o f  B lue  1 p e r  gram o f  f i l m .  
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620 SKULTETY ET AL. 

TABLE 1 

Formula used t o  prepare t h e  bas ic  aqueous f i lm  coa t ing  l i q u i d .  

Source Amount (%w/w 1 Item 
Hydroxypropyl Methy 
2910, USP, 5 CPS 

Hydroxypropyl Methy 
2910, USP, 15 CPS 

c e l l  u l  ose  

c e l l  u l  ose  

Hydroxypropyl Methyl c e l l  u l  ose 
2910, USP, 50 CPS 

Hydroxypropyl Cell  ul ose 

Polyethylene Glycol 400 

FD&C Blue Dye No. 1 

D i s t i l l e d  Water 

Methocel E 5 
Dow Chemical 

Pharmacoat 615 
Shin Etsu 

Metolose 50 
Shin Etsu 

Klucel LF 
Hercules 

Polyethylene Glycol 
400 Union Carbide 

H .  Kohnstamm 

2.0 

2.0 

1 .o  

0.5 

1 .o  

0.07 

93.43 

The independent v a r i a b l e s  in  an i n i t i a l  sc reening  s tudy  using 

a twelve run Plackett-Burman experimental  design (6 )  a r e  shown i n  

Table 2 .  This design was chosen t o  determine which process ing  

v a r i a b l e s  a f f e c t e d  t h e  uniformity of t h e  f i lm  coa t ing  appl ied  t o  

the  t a b l e t s .  A s  shown in  Table 2 ,  t h e  spray p a t t e r n  cons i s t ed  of a 

"Good" o r  "Bad" spray p a t t e r n .  The "Good" p a t t e r n  used spraying  

v a r i a b l e s  t o  provide a wide uniform spray p a t t e r n  and the "Bad" 

spray p a t t e r n  provided a small spray p a t t e r n .  The spray  v a r i a b l e s  

used a r e  shown in  Table 3 .  The t a b l e t s  used f o r  t h e  s tudy were 900 

mil l igram ovalo id  placebo t a b l e t s .  

A t  the s t a r t  o f  each coa t ing  run, t a b l e t s  were placed in  f o u r  

d i f f e r e n t  l o c a t i o n s  in  the t a b l e t  bed. Location 1 was a t  the top  of 

the t a b l e t  bed and on t h e  su r face  of t h e  t a b l e t  bed near  t h e  f r o n t  
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AMOUNT AND U N I F O R M I T Y  O F  AQUEOUS FILM COATING 621 

TABLE 2 

Independent Var iab le  

1. Table t  Bed Weight (Kgs) 
2 .  Drum Speed (rpm) 
3. Ba f f l e s  
4 .  Exhaust Air  Flow (scfm) 
5.  Spray Pa t t e rn  
6 .  Amount of  Coating Applied 

(Li t e r s /kg  of t a b l e t s )  

-- Low Level Hiqh Level 

9 12 
8 16 

Absent Present  
440 725 
Bad Good 

0.25 0 .5  

TABLE 3 

Processing parameters used f o r  the two d i f f e r e n t  spray  p a t t e r n s  
used in  the Plackett-Burman experimental  des ign .  

Parameter 
SDrav Distance 

- Bad Sprav Pa t t e rn  
6 

- Good Sprav Pa t t e rn  
10" 

A; r c ip*  134255-45 134255-60 
Fluid Nozzle* 35100 35100 
Atomizing Air  Pressure  20 psi  60 ps i  
Appl ica t ion  Rate 75 mls/min 75 mls/min 

* Spraying Systems, Inc 
Exhaust Temperature 45% 45OC 

of  the coa t ing  drum. Location 2 was a t  t h e  t o p  and on t h e  s u r f a c e  

of  the t a b l e t  bed mid-way between the f r o n t  and back of  t h e  coa t ing  

drum. The t o p  of t h e  t a b l e t  bed i s  t h e  h ighes t  po in t  i n  t h e  coa t ing  

drum where the t a b l e t s  s t a y  a f t e r  t h e  t a b l e t s  have been r o t a t e d  i n  

t h e  coa t ing  drum. Location 3 was mid-way between the f r o n t  and the 

back of t h e  coa t ing  drum and buried halfway between t h e  coa t ing  

drum and the s u r f a c e  of t h e  t a b l e t  bed. Location 4 was near  t h e  

back o f  the coa t ing  drum and buried halfway between the coa t ing  

drum and the su r face  o f  the t a b l e t  bed. 

The t a b l e t s  placed in  each of  t h e  fou r  d i f f e r e n t  l o c a t i o n s  

could be i d e n t i f i e d  by unique i n t a g l i a t i o n s  on the t a b l e t s  such 
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6 22 SKULTETY ET AL . 

t h a t  a f t e r  t h e  coa t ing  run t h e  s t a r t i n g  l o c a t i o n  would be known 

from t h e  i n t a g l i a t i o n .  The background t a b l e t s  had no i n t a g l i a t i o n s .  

F i f t y  t a b l e t s  were used during each coa t ing  run a t  each of t h e  fou r  

tab1 e t  1 oca t ions .  

Af t e r  each coa t ing  run, 20 t a b l e t s  from each of the f o u r  

l o c a t i o n s  and 20 background t a b l e t s  were ind iv idua l ly  assayed f o r  

t h e  amount of Blue 1.  To assay the amount of Blue 1 ,  the t a b l e t  was 

d isso lved  i n  water  and t h e  in so lub le  mater ia l  from t h e  t a b l e t  core  

was f i l t e r e d  o f f .  Any so lub le  mater ia l  from t h e  t a b l e t s  was shown 

t o  not  i n t e r f e r e  with t h e  spectrophotometr ic  assay f o r  Blue 1 which 

was assayed on a Hewlett-Packard Spectrophotometer.  

f i lm  coa t ing  mater ia l  per  t a b l e t  was c a l c u l a t e d  based on t h e  amount 

of Blue 1.  

The amount of 

The means and s tandard  dev ia t ions  o f  the amount of f i l m  per  

t a b l e t  were ca l cu la t ed  f o r  each s e t  of t a b l e t s .  These means and 

s tandard dev ia t ions  were analyzed f o r  t h e  e f f e c t s  of the s i x  

processing v a r i a b l e s  and loca t ion  v a r i a b l e s  using an a n a l y s i s  of 

var iance  model. All a n a l y s i s  was done using t h e  GLM pracedure of 

s t a t i s t i c a l  a n a l y s i s  system a t  the 0.05 l eve l  of s i g n i f i c a n c e  ( 7 ) .  

The experimental  design was repea ted  using 300 mil 1 igram round 

placebo t a b l e t s .  Again, t a b l e t s  i d e n t i f i e d  w i t h  d i f f e r e n t  

i n t a g l i a t i o n s  were placed a t  fou r  d i f f e r e n t  l o c a t i o n s  i n  t h e  t a b l e t  

bed. The processing v a r i a b l e s  were the same as i n  Table 1 except  

t h e  coa t ing  drum speeds were reduced t o  6 and 14 rpms and t h e  

amount of f i l m  coa t ing  l i q u i d  appl ied  was reduced t o  0 . 2  and 0 . 4  

l i t e r s  per  kilogram of t a b l e t s .  

assayed f o r  t h e  amount of Blue 1, t h e  same s t a t i s t i c a l  a n a l y s i s  was 

Af t e r  t he  coated t a b l e t s  were 
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AMOUNT AND U N I F O R M I T Y  O F  AQUEOUS FILM C O A T I N G  623 

TABLE 4 

Comparison o f  t h e  g r a v i m e t r i c  method (GM) and Blue 1 assay method 
(AM) f o r  d e t e r m i n i n g  t h e  amount o f  f i l m  c o a t i n g  m a t e r i a l .  R e s u l t s  
are expressed as m i l l i g r a m s  o f  f i l m  c o a t i n g  m a t e r i a l .  

~- SAMPLE No. - AM - GM -- - AM - GM SAMPLE NO. 
1 532 539 5 530 537 
2 528 536 6 528 536 
3 536 539 7 53 1 538 
4 543 551 8 527 537 

performed on t h e  amount o f  f i l m  c o a t i n g  p e r  t a b l e t  and t h e  s tandard  

d e v i a t i o n s .  

To q u a n i t a t e  u n i f o r m i t y  o f  t a b l e t  s u r f a c e  coverage, t a b l e t s  

f rom 6 o f  t h e  runs  f rom each o f  t h e  two Placket t -Burman s t u d i e s  

were c u t  i n t o  f o u r  p i e c e s  and each s e c t i o n  was analyzed f o r  t h e  

amount o f  B lue  1. The i n t a g l i a t i o n s  on b o t h  s i d e s  o f  t h e  t a b l e t s  

a l l owed  f o r  easy i d e n t i f i c a t i o n  o f  t h e  f o u r  s e c t i o n s  f rom t h e  

d i f f e r e n t  t a b l e t s .  For  t h e  second s tudy  u s i n g  round t a b l e t s ,  o n l y  

t h e  6 runs  u s i n g  0.4 l i t e r s  of  c o a t i n g  l i q u i d  a p p l i e d  p e r  k i l o g r a m  

o f  t a b l e t s  were assayed as t h e  o t h e r  t a b l e t s  f e l l  below t h e  assay 

s e n s i t i v i t y  when d i v i d e d  i n t o  f o u r  s e c t i o n s .  

RESULTS AND DISCUSSION 

The r e s u l t s  o f  t h e  assays f o r  B lue 1 on f i l m s  sprayed i n  t h e  

spraybox a re  shown i n  Table 4 .  The r e s u l t s  i n d i c a t e  t h a t  t h e  assay 

f o r  B lue 1 can be used t o  c a l c u l a t e  t h e  amount o f  c o a t i n g  m a t e r i a l  

as t h e r e  i s  g r e a t e r  t h a n  98 percen t  recove ry  based on t h e  Blue 1 

assay. 
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6 24 SKULTETY ET A L .  

TABLE 5 

R e s u l t s  o f  t h e  12 c o a t i n g  runs  u s i n g  t h e  l a r g e  o v a l o i d  t a b l e t s .  
Amounts a re  expressed as t h e  average number o f  m i l l i g r a m s  o f  f i l m  
c o a t i n g  a p p l i e d  p e r  t a b l e t .  

LOCAT I ON 
3 - 4 Bac kqround T r i  a1 - 1 - 2 - 

1 30.4 k 1 .81  31.8 k 2.46 32 .5  k 1.11 30 .1  1.34 30 .0  2 2.25 

2 32.5 k 3.70  33.8 2 7.58 38.7 2 11.0 41.2 k 4.70 37.7 k 6.39 

3 18.7 f. 1.86 19.6 & 1.71 18.6 k 2.22 19.6 k 1.69 18.6 k 2.41  

4 16.6 5 2.26 16.4 2 0.66 17.4 & 1.86 18.1 2 2.35 16.5 k 1 .01  

5 15.1 k 1.04 15.5 k 1.16 14 .8  f. 1.77 14.2 f. 1.80 15.4 k 1.22 

6 36.6 2 4.65 38.9 4.44 32.7 k 2.33 36.5 k 4.28 34 .8  k 5.93 

7 15.2 k 2.21  17.5 k 1.62 15.4 5 0.50 17 .1  k 4.49 16.9 2 2.73 

8 31.4 2 3.09 32.3 2 1.71 28.4 k 3.52 32 .0  k 1.47 30.3 f. 2.26 

9 36.7 f. 2.14 34.7 2 3.95 31.7 5.13 36.3 k 3.71 31.5 k 3.82 

10 15.8 5 1.27 16.4 k 2.67 13.3 k 1.14 14.9 k 3.57 15.5 1.88 

11 30.7 2 1.87 31.3 1.55 32.7 & 2.17 33 .0  2 1.28  30.2 k 1.70 

12 17 .1  2 2.41  20.5 2 1.93 19 .8  5 3.83 18 .0  k 2.99 17 .8  k 5.54 

The r e s u l t s  o f  t h e  12 c o a t i n g  runs  f o r  t h e  o v a l o i d  t a b l e t s  a re  

summarized i n  Table 5. The s t a t i s t i c a l  a n a l y s i s  f o r  t h e  means o f  

t h e  amount o f  f i l m  c o a t i n g  pe r  t a b l e t  and s tandard  d e v i a t i o n s  i s  

presented i n  Table 6.  The mean va lues  f o r  t h e  amount o f  c o a t i n g  

p e r  t a b l e t  were c a l c u l a t e d  by t a k i n g  t h e  average o f  t h e  s i x  va lues  

ob ta ined  a t  each v a r i a b l e  l e v e l  o r  t h e  average o f  t h e  12 va lues f o r  

t h e  mean va lue  f o r  each l o c a t i o n .  The mean s tandard  d e v i a t i o n s  were 

c a l c u l a t e d  i n  a s i m i l a r  manner. The s tandard d e v i a t i o n  i s  a measure 

o f  t h e  v a r i a b i l i t y  o f  t h e  amount o f  f i l m  c o a t i n g  m a t e r i a l  a p p l i e d  

t o  t h e  i n d i v i d u a l  t a b l e t s .  
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6 2 5  AMOUNT AND UNIFORMITY OF AQUEOUS FILM COATING 

TABLE 6 

S t a t i s t i c a l  a n a l y s i s  f o r  l a r g e  ovaloid t a b l e t s .  Resul t s  a r e  
expressed a s  average mil l igrams of f i l m  coa t ing  per  t a b l e t  from s i x  
coat ing  runs using e i t h e r  t he  high o r  low va lue  of t h e  process ing  
v a r i a b l e .  For t h e  s t a r t i n g  l o c a t i o n ,  t h e  average i s  f o r  a l l  twelve 
coa t ing  runs. 

ANALYSIS OF MEANS 
Processi  nq Vari ab le  - DF 
Table t  Bed Weight 1 
Drum Speed 1 
Baf f l e s  1 
Air Flow 1 
Amount of Coating Applied 1 
Spray Pa t t e rn  1 
S t a r t i n g  Location 4 

ANALYSIS OF STANDARD DEVIATIONS 
Process ins  Var iab le  - DF 
Table t  Bed Weight 1 
Drum Speed 1 
Baf f l e s  1 
Air F1 ow 1 
Amount of Coating Applied 1 
Spray Pa t t e rn  1 
Locat i on 4 

P-Val ue 
NS 

0.0293 
NS 
NS 

0.0001 
0.0001 

NS 

P-Val ue 
NS 

0.0001 
NS 
NS 

0.0004 
0.0001 

NS 

- Low Hiqh 
25.1 25.1 
25.6 24.6 
25.2 25 .1  
24.8 25.4 
16.9 33.4 
26.9 23.3 
24 .7 (1 )  25 .7(2)  
24 .7 (3 )  25 .9(4)  
24.6 (Background) 

- Low 
2.58 2.99 
3.53 2.04 
2.82 2.75 
2.47 3 .10  
2.14 3.45 
3.62 1.96 
2 .36(1)  2.62(2) 
3 .05(3)  2.81(4) 
3 .10 (  Background) 

The r e s u l t s  o f  t h e  s t a t i s t i c a l  a n a l y s i s  were q u i t e  s i m i l a r  f o r  

t h e  amount of f i l m  coa t ing  per  t a b l e t  and the s tandard  d e v i a t i o n s .  

The s t a r t i n g  l o c a t i o n  in  t h e  pan was not  a s i g n i f i c a n t  f a c t o r  

a f f e c t i n g  t h e  amount of  f i lm  coa t ing  appl ied  o r  i t s  v a r i a t i o n .  Drum 

speed, amount o f  f i l m  coa t ing  l i q u i d  app l i ed ,  and t h e  spray  p a t t e r n  

were the t h r e e  s i g n i f i c a n t  v a r i a b l e s  a f f e c t i n g  both the amount of 

f i lm  coa t ing  per t a b l e t  and t h e  v a r i a b i l i t y  between t a b l e t s .  

Higher drum speed provided a lower amount of f i lm  coa t ing  pe r  

t a b l e t  b u t  the v a r i a b i l i t y  was not  as  g r e a t  a s  with the lower drum 
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SKULTETY ET AL. 626 

TABLE 7 

Resu l t s  o f  t h e  12 c o a t i n g  runs u s i n g  t h e  smal l  round t a b l e t s .  
Amounts a re  expressed as t h e  average number o f  m i l l i g r a m s  o f  f i l m  
c o a t i n g  a p p l i e d  p e r  t a b l e t .  

LOCAT ION 

3 - 4 Bac kqround T r i  a1 - 1 - 2 - 

1 8.31 k 0.82 8.20 & 0.74 8.38 k 0.82 8.82 f. 0.81 7.96 & 0.72 

2 9.09 1.62 9.17 k 1.96 9.79 k 1.94 9.62 & 1.64 9.17 f. 1.77 

3 3.99 2 0.72 4.81 k 1.08 4.97 f: 1.05 4.70 k 0.76 4.46 k 1.04 

4 4.86 k 0.64 4.71 k 0.70 5.12 k 0.80 5.03 k 0.57 4.69 2 0.66 

5 4.25 k 0.44 3.92 k 0.50 3.89 k 0.55 4.48 k 0.50 3.84 k 0.33 

6 10.1 k 2.65 9.21 k 1.97 11.0 f: 1.74 11.0 k 2.15 9.47 k 2.58 

7 3.70 2 0.71 3.36 f. 0.65 3.51 k 0.61 4.25 k 0.60 4.65 f: 0.58 

8 8.92 & 0.46 8.59 k 1.16 8.85 k 1.58 9.28 2 1.28 8.34 f: 1.10 

9 8.80 k 0.89 9.21 k 1.10 9.86 2 1.85 9.88 k 1.24 9.24 k 0.68 

10 4.18 k 0.80 3.78 k 0.64 4.55 k 0.39 4.27 k 0.72 4.29 k 0.67 

11 8.35 k 0.63 7.82 f: 0.63 8.21 f. 0.66 8.98 k 0.49 8.15 k 0.59 

12 4.43 k 1.05 4.72 f. 1.10 4.21 k 1.01 4.91 f. 1.35 4.28 k 1.36 

speed. As was expected, t h e  amount o f  f i l m  c o a t i n g  m a t e r i a l  p e r  

t a b l e t  a t  t h e  h i g h e r  a p p l i c a t i o n  r a t e  was approx ima te l y  t w i c e  t h e  

amount a t  t h e  l o w e r  a p p l i c a t i o n  r a t e .  The "Good" spray p a t t e r n  

had l e s s  a p p l i e d  t o  t h e  t a b l e t s  b u t  t h e  v a r i a b i l i t y  was 

approx ima te l y  50% l e s s  t h a n  t a b l e t s  produced w i t h  t h e  "Bad" spray 

p a t t e r n .  

The r e s u l t s  of  t h e  12 c o a t i n g  runs  f o r  t h e  round t a b l e t s  a re  

summarized i n  Table 7. The s t a t i s t i c a l  a n a l y s i s  f o r  t h e  means o f  
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AMOUNT AND U N I F O R M I T Y  O F  AQUEOUS FILM C O A T I N G  627 

TABLE 8 

S t a t i s t i c a l  a n a l y s i s  f o r  small round t a b l e t s .  Resul t s  a r e  
expressed a s  average mil l igrams of f i l m  coa t ing  per t a b l e t  from s i x  
coa t ing  runs using e i t h e r  t h e  low o r  high va lue  of t h e  process ing  
v a r i a b l e .  For t h e  s t a r t i n g  l o c a t i o n ,  t h e  average i s  f o r  a l l  twelve 
coa t ing  runs .  

ANALYSIS OF MEANS 
Processinq Variable  
Table t  Bed Weight 

- DF 
1 

Drum Speed 1 
Baff les  1 
Air  Flow 1 
Amount of  Coating Applied 1 
Spray Pa t t e rn  1 
S t a r t i n g  Location 4 

P-Val ue 
0.0144 
0.0303 

NS 
NS 

0.0001 
0.0001 
0.0009* 

* Location 4 i s  s i g n i f i c a n t l y  g r e a t e r  than 

ANALYSIS OF STANDARD DEVIATIONS 
Processi  nq Variable  - DF 
Tab1 e t  Bed Weight 1 
Drum Speed 1 
Baf f l e s  1 
Air Flow 1 
Amount of Coating Applied 1 
Spray P a t t e r n  1 
Locat i on 4 

- Low Hiqh 
6.58 6.84 
6.82 6.60 
6.73 6.69 
6.79 6.63 
4.36 9.06 
7.15 6.26 
6.58(1) 6.86(3) 
6.46(2) 7.10(4) 
6.55 (Background) 

o t h e r  l o c a t i o n s  

P-Val ue - Low Hiqh 
0.0264 0.934 1.09 
0.0001 1.26 0.767 

NS 0.958 1.07 
NS 1.040 0.987 

0.0001 0.753 1.28 
0.0001 1.32 0.706 

NS 0.953(1) 1.08(3) 
1.02(2) 1.01(4) 
1.01 (Background) 

t h e  amount of  f i l m  coa t ing  per  t a b l e t  and the means of t h e  s tandard  

dev ia t ions  a r e  presented  i n  Table 8. As i n  t h e  previous s tudy ,  

n e i t h e r  the s t a r t i n g  l o c a t i o n  of t h e  t a b l e t s ,  b a f f l e s ,  nor  t h e  

a i r  flow had s i g n i f i c a n t  impact on t h e  amount of coa t ing  mater ia l  

appl ied  o r  i t s  v a r i a t i o n .  The t a b l e t s  from l o c a t i o n  4 were coated 

s i g n i f i c a n t l y  more than the o t h e r  3 l o c a t i o n s  o r  background 

t a b l e t s .  The amount of  f i lm  coa t ing  appl ied ,  t a b l e t  bed weight,  

drum speed, and t h e  spray p a t t e r n  were t h e  s i g n i f i c a n t  v a r i a b l e s  
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628 SKULTETY ET AL. 

a f f e c t i n g  bo th  t h e  amount o f  f i l m  c o a t i n g  p e r  t a b l e t  and t h e  

v a r i a b i l i t y  between t a b l e t s .  

A s  expected, t h e  amount a p p l i e d  i s  app rox ima te l y  t w i c e  as much 

a t  t h e  h i g h e r  a p p l i c a t i o n  r a t e  which corresponds t o  two t i m e s  as 

much f i l m  c o a t i n g  l i q u i d  be ing  a p p l i e d .  As was demonstrated i n  t h e  

p rev ious  s tudy,  t h e  v a r i a b i l i t y  between t a b l e t s  i nc reased  as more 

f i l m  c o a t i n g  m a t e r i a l  was app l i ed .  The h i g h e r  drum speed p r o v i d e d  

l e s s  v a r i a b i l i t y  between t a b l e t s .  

The "Bad" spray p a t t e r n  had more f i l m  c o a t i n g  a p p l i e d  t o  t h e  

t a b l e t s .  The "Good" spray p a t t e r n  p r o v i d e d  f o r  t a b l e t s  t h a t  had 

l e s s  v a r i a b i l i t y .  

The r e s u l t s  o f  t h e  two Plackett-Burman s t u d i e s  a re  q u i t e  

c o n s i s t e n t .  I t  i s  n o t  c l e a r  as t o  why i n  bo th  s t u d i e s  t h a t  a h i g h e r  

drum speed would cause l e s s  f i l m  c o a t i n g  t o  be a p p l i e d  t o  t h e  

t a b l e t s .  There a re  seve ra l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  behav io r ,  

such as t h e  i nc reased  t a b l e t  t o  t a b l e t  f r i c t i o n ,  b u t  f u r t h e r  work 

would be necessary t o  determine t h e  exact  cause. The f a c t  t h a t  t h e  

h i g h e r  pan speed p r o v i d e s  a more u n i f o r m  coverage between t a b l e t s  

agrees w i t h  o t h e r  techn iques  o f  measur ing c o a t i n g  processes ( 2 ) .  

The "Good" spray p a t t e r n  d i d  have some spray d r y i n g  wh ch 

would e x p l a i n  why t h e r e  was l e s s  c o a t i n g  a p p l i e d  t o  t h e  t a b  e t s  as 

compared t o  t h e  "Bad" spray p a t t e r n .  However, as expected, t h e  

broader  more u n i f o r m  spray p a t t e r n  ("Good" spray p a t t e r n )  

p r o v i d e d  l e s s  v a r i a b i l i t y  i n  t h e  amount of c o a t i n g  a p p l i e d  t o  t h e  

i n d i v i d u a l  t a b l e t s .  App ly ing  more aqueous f i l m  c o a t i n g  d i d  n o t  

improve t h e  c o a t i n g  v a r i a b i l i t y  between t a b l e t s .  I n  f a c t ,  i t  was 
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AMOUNT AND UNIFORMITY OF AQUEOUS FILM COATING 629 

TABLE 9 

Resu l t s  f o r  t h e  t a b l e t s  which were c u t  i n t o  f o u r  s e c t i o n s  and 
analyzed f o r  t h e  m i l l i g r a m s  o f  f i l m  c o a t i n g  m a t e r i a l  p e r  s e c t i o n  o f  
t a b l e t .  

T r i  a1 1 
OVALOID TABLETS 

Section 
- 2 - 3 - 4 

2 9 .10  & 1.29 8 .80  & 1.39 9.19 & 1.16 9.03 & 1.22 
7 4.36 & 0 .48  4 .01  & 0.49 4.32 & 0.43 4.38 & 0.33 
8 7.32 & 0.57 7.25 & 0.50 7.58 & 0.66 7.59 5 0.59 
9 8 .64  & 1.44 8 .16  & 1.28 8.87 5 0 .91  8 . 3 1  & 1.02 
10 4.15 & 0.42 4.14 & 0.36 4.20 & 0.24 4 .25  & 0.34 
12 4.55 & 0.75 4.67 & 0.74 4.67 & 0.92 4.73 & 1.00 

1 2.04 2 0.25 2.12 & 0.28 2.06 k 0.28 1 .82  & 0.22 
2 2.23 2 0.29 2.13 & 0.064 2 .21  & 0 .21  2 .19  & 0.32 
6 2.82 & 0.65 2.88 5 0.67 2.95 & 0.74 2.87 & 0.85 
8 2.22 2 0.29 2.22 5 0.36 2.14 2 0.24 1.97 & 0 .34  

10 2 .21  & 0.24 1.96 & 0.38 2.04 & 0.23 2.12 & 0 .15  
11 2.34 0.14 2.19 & 0.18 2.11 & 0.19 2.21 & 0.18 

ROUND TABLETS 

q u i t e  t h e  o p p o s i t e  as t h e  v a r i a b i l i t y  i nc reased  as more f i l m  

c o a t i n g  m a t e r i a l  was a p p l i e d  t o  t h e  t a b l e t s .  

The r e s u l t s  o f  t h e  m i l l i g r a m s  o f  f i l m  p e r  s e c t i o n  o f  t a b l e t ,  

f o r  t h e  t a b l e t s  t h a t  were c u t  i n t o  f o u r  s e c t i o n s ,  a r e  shown i n  

Table 9 .  

o v a l o i d  t a b l e t s  shows t h a t  t h e  s u r f a c e  coverage f o r  i n d i v i d u a l  

The d a t a  f o r  bo th  t h e  smal l  round t a b l e t s  and t h e  l a r g e  

t a b l e t s  i s  homogeneous. 

CONCLUSIONS 

The s imp le  exper imenta l  t echn ique  o f  u s i n g  B lue  1 t o  measure 

t h e  amount o f  f i l m  c o a t i n g  m a t e r i a l  p e r  t a b l e t  has been a p p l i e d  t o  

t a b l e t s  t h a t  were coated i n  t h e  24" Accela-Cota.  It has been shown 

t h a t  f o r  t h e  two d i f f e r e n t  t a b l e t s  t h a t  were s tud ied ,  t h e  s t a r t i n g  
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6 30 SKULTETY ET AL. 

l o c a t i o n  i n  t h e  t a b l e t  bed has l i t t l e  a f f e c t  on t h e  amount o f  f i l m  

c o a t i n g  a p p l i e d .  Increased c o a t i n g  drum speed w i l l  decrease t h e  

v a r i a b i l i t y  o f  c o a t i n g  between t a b l e t s .  

App ly ing  more f i l m  c o a t i n g  l i q u i d  w i l l  o n l y  i nc rease  t h e  

v a r i  ab i  1 i t y  between tab1 e t s .  Thus one cannot e l  i m i  n a t e  t h e  

d i f f e r e n c e s  between t a b l e t s  by a p p l y i n g  more c o a t i n g  l i q u i d  t o  t h e  

t a b l e t s .  A broad uni form spray p a t t e r n  w i l l  c o a t  t a b l e t s  w i t h  l e s s  

v a r i a b i l i t y .  The two d i f f e r e n t  shaped t a b l e t s  behaved s i m i l a r l y  

as t o  what p rocess ing  parameters were impor tan t  d u r i n g  t h e  f i l m  

c o a t i n g  except  t h e  t a b l e t  bed weight  was s i g n i f i c a n t  f o r  t h e  

s m a l l e r  t a b l e t s .  

presence o f  b a f f l e s  was n o t  a s i g n i f i c a n t  f a c t o r  i n  t h e  amount o f  

f i l m  c o a t i n g  a p p l i e d  t o  t h e  t a b l e t s  o r  t h e  v a r i a b i l i t y  between t h e  

t a b l e t s .  I n  b o t h  cases, t h e  coverage o f  f i l m  c o a t i n g  m a t e r i a l  ove r  

t h e  su r face  o f  t h e  t a b l e t  i s  remarkably  un i fo rm.  

A s u r p r i s i n g  f i n d i n g  i n  b o t h  s t u d i e s  was t h a t  t h e  
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